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ABSTRACT

Pillar extraction using 'handgot' methods has been practised in South African collieries fOJ'
many years. During the late Sixties pillar extraction with mechanized conventional
equipment commenced, and approximately a decade later, continuous miners were
introduced into pillar and rib pillar extraction panels. During the years that these mining
methods were practised, a vast amount of experience was gained on the various collieries.
Problems were experienced by various mines and the management of these mines made
numerous alterations to the mining methods with varied degrees of success, Research was
0.150 conducted by COMRO and by V,\ri01l5 mines and mining house".

Apart from the recommendations of Salamon and Oravecz (1976) on pillar design in
stooping sections, little information has been published and, thus, little is generally available
to mine managers, planners and operators to assist them in the layout and design for plllar
and rib pillar extraction.

A survey of all the pillar and rib pillar practises, past and present, has been conducted for
collieries in South Africa and abroad and the successes, failures, problems experienced,
changes made to the mining methods and the results of these changes have been
documented.

The problems and successes experienced, t~ similarities and difference between mines and
mining methods, and the research flndlngs have been assessed and evaluated. Design
guidelines relevant to the various methods of pillar and rib pillar extraction have been
established to improve the safety and performance of pillar extraction operations.

These guldellnea ate not intended to be prescriptive but are designed more to bring to the
attention of the mine manager, planner and operator those fllctors which should be taken
into consideration during the planning and operation \)f a pillar Ot rib pillar extraction panel.

In addition to the strata related factors, the economics of the mining method is important to
determine if it is beneficial to do secondary ext-action, and also to assist in optimlsing the
secondary extraction. The design prlnclplns were therefore appUed to diffcrtmt panel
layouts, pillar sizes and extraction sequences to determine the effect on the production costs.
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1

BNTRODUCTiON

h is estimated that approximately 90 per cent of the world's reserves of fossil fuels occur in

solid form, mau..ly as coal. 'This is especially true for South Africa where only limited
quantities of oil i'.ndgas reserves have been discovered to date. Coal, therefore. is the main
source of of power, fuel and chemicals, for which the demand is likely to increase rapidly in
future. 'fhis growing demand for coal \viU inevitably lead tv a more rapid depletion of the
coal reserves which is a non-renewable natural resource. Various estimates of the South
Afrlcan coal reserves have been made in the past, the most important of which Bredell
(1991) has summarised in Table 1.1.

'!ruble lI..1 Estlm~tcs of South African COni"Reserves· (Rredell, 1991)

,,~=-

YEAR REPOR.TED BY IN SITU RECOVERABI.E

(Mt) (Mt)
..

1913 Department of Mines 56245

1928 W JWybergh 2057'23

1948 Coal Commission 11086

1952 FA Venter 67922

1959 Mineral Resources 12467

1967 DWBishopp 9071

1969 W C J van Rensburg ct al 33879 18881

1975 Petrick Commission 82018 25290

1983 FSJdeJnger 115530 58404

Bredell (1991) states that oue should nut be too critical of any of these figures that differ so
vastly as each was calculated under a different set of circumstances, using different criteria,
different classification systems and dift'ercnt raw data. He further states that it i!l important
to recognise and eccept natior.tal ore-resource figures of any kind for what they are •
estimates; estimates based on wide range of assumptions and largely unpredictable
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parameters, A remarkable fact about the ill situ resources is that it is e~timated that the

Waterberg Coalfield, exploited by only one opcncast mine at present, contains almost 46 per

cent of the total in situ coal resources,

Although these figures indicate that South Africa's coal reserves appear to be fairly

substantial, only a small percentage was extracted by underground mining methods prior to

the late Slxties, because the main mining method employed was conventional bord and pillar

mining. On some mines where multiple coal seams occur, the total percentage volumetric

extraction was as low as eleven per cent, As the demand increased, it became essential for

the South African coal mining industry to investigate alternative underground mining

methods for iiicreasing Ole total percentage extraction. These mining methods included

longwalllng, pillar extraction and rib pillar extraction,

Pillar extraction using 'handgot' methods have been practised in South African collieries for

many years. During the late Sixties pillar extraction with mechanized conventional

equipment commenced. The first experiments with pillar extraction using mechanised

conventional equipment proved successful on some collieries and unsuccessful on others, At
Sigma Colliery conventional stooping p-oved hazardous due to the friable roof conditions

and the presence of a thlck dolerite sill if 1 the overlaying strata.

The first longwall trials were started in 1964, but it was not until the mid Seventies that

longwall mining Was introduced to any large extent, })ue to the frequency of geological

discontinuities, especially dolerite dykes, and the varying talckucss of the seams in most of

the South African coalfields, longwall mining can only be practised in selected portions of the

total reserves. The limited application of longwalllng therefore made it necessary to

investigate other mining methods to improve the overall extraction percentage of the total

coal reserves.

Approximately a decade aftP.f pillar extraction with mechanized conventional equipment

commenced, continuous miners were introduced into pillar and rib pillar extraction panels.

During the years that these mining methods, conventional ami mechanised, were practised, a

vast amount of exped nee was gained on the various collieries, Problems were experienced

by various mines and they made numerous alterations to the mining methods with varied

degrees of success,

Chapter1 Introductlon

I

"
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However, apart from the recommendations or Salamon and Oravecz (1976) on pillar design

in stooping sections, little information has been published and is generally available to mine

managers, planners and operators to a,~sist them in the layout and desig:l for pillar and rib

pillar extraction. In order to assist the mining industry to optimise the pillar extraction

methods, with regard to safety, increased extraction of reserves rnd productivity, the

formulation of guidelines for pillar and rib pillar extraction became im .iortant.

A survey of all the pillar and rib pillar practises, past and present, were conducted for

collieries in South Africa. The successes, failures, problems experienced, changes made to

the mining methods aud the results of these changes were documented, The problems and

successes experienced, the similarities and difference between mines and mining methods,

and the research findings have been assessed and evaluated.

Design guidelines relevant to the various methods of pillar and rib plllnr extraction have

been esteblished to improve the safety and performance of pillar extraction operatio-is.

The geological composition of the coal bearing strata and the behaviour of thts strata also

have a major influence on the pillar dlmenslons and mining method. Attention was
therefore given to the geology of the different coalfields and the strata control theories fm'

coal mining. In addition to mining parameters and loco} experience. these Iactors were also

carefully considered during the formulation of the design guidelines.

Tile vast difference in the geological composition and behaviour of the coal bearing strata,

the mining depth and mining equipment used make it impossible to design a specific set of
guidelines applicable to all the collieries, The guidelines have thus been formulated in such a
way that it is not prescriptive as to the mining method, support or other relevant factors, but

rather as a guide to all the factors that must be taken into conslderatlon when designing

panels for pillar and rib pillar extraction,

These guidelines must therefore be used ill conjunction with lnformatlon such as the !ocul

geology, strata behaviour and other relevant mining parameters, and local experience.

In addition to these strata related factors, the economics of the mining method is important

to determine if it is beneficial to do secondary extrllction, and also to asslst in optimising the

secondary extraction. Quite often pillars and panels are designed without considering the

economic unpact of such designs. The design guidelines were applied in different minlng

CfuJpterl Introductioll
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scenarios to demonstrate the effect of pillar size, panel width and the sequence of extraction

on productivity and production costs.

The COMSIM computer simulation program was 1. .l t.o simulate the potential production

for different panel widths and pillar sizes during the imtlal development and during pillar

extra ction,

The average estimated present value of the total mining cost in RI),nd/ton for the various

continuous miner mining methods were determined and used in these examples. These are

average costs of collieries which have practised both pillar and rib pillar extraction, and arc

not necessary representative of the total mining industry.

Chapte,.l Introduction
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GlEOL.om{ oe 'lI.'1UJri:SOU1t'n AFRICAN COALUi'UlELlDS

2.1 Ovenlew

The major coal-bearing strata in the South Africa occur in the Ecca Group (Karoo

Supergroup of rocks) of Permian age. Other minor occurrences of coal are found in the

younger neauCort and Stormberg sequences of late Permian and Triassic age respectively

(see Figure 2.1). The tank of the most e onomical resource .. rank from bituminous to

anthracite although relatively insignificant lignite reserves are known from the Cretaceous

and Tertiary strata (de Jager, 1976).

Anderson and Anderson (1985) state that in terms of climate, the most significant feature in

Karoa times was the early Karoo (Dwyka) glaciation. At its greatest extent, the Dwyka

glaciation 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 ice cap centres (Figure 2.2). The continents are then considered to

have drifted into progressively lower Iatltt-des, with the South Pole moving from

approximately the position of the Transvaal during Carboniferous times, to Antarctica by

Upper Permian and Triassic times. During the coal- forming times, the South pole moved,

relatively to Gondwanaland from Central to Southern Africa and then eastwards to

Antarctica, which at the time lay adjr..cent to the the east coast of Southern Africa.

As the South Pole moved eastwards, the ice age began to decline, glaciers reduced in size,

and swamps began to form around glacial lakes, in valleys, along river banks, on deltas, and

in coastal back-swamps, Numerous rivers, bearing fine sediments from melting glaciers and

local highlands, meandered through the peat swamps. As the climate became more

temperate, plants evolved and flourished whilst establlshed species on the fringes of

Gondwanaland migrated inward. The growth of the plant matter in the cold conditions was

slow, and possibly seasonal, resulting in coal rich in oxidised plant remains and often high in

mineral matter content (Falcon, 1986).

('
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Contrary to the coal in the Southern Hemisphere which was formed during the Permian
period, the coal in the Northern Hemisphere was formed during the Carboniferous period
which was typically tropical to SUbtropicalwith regular rainfall and continuous plant growth

Chapter2 Oe%gp 01till! Soutll A/rican Coalfields
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(de Jager, 1976). The coal was thus formed from r Ipidly growing plants in the waterlogged

swamps on the shore-lines of warm equatorial seas (Falcon, 1986).

10 POLAP. POSiTION-_ -_
----_,........ 2

----- .. __ '__ 1·#_ ·---0- .....
"=Q-i~,::lOC:::t.:::JI:::l

\ 1/
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M U L M U

ECCA __.1-1 _B_EA_U_F_OR_T__ -JJ

MAJOR CONTINENTAL
GLACIATION

L

LDWYK~._I

Jligmre 2.2 GondMlnnlalll1 In re!lltion to polar movement and glacial ~xti!nt during

Permian times (Falcon, 1986)

As the paleaocllmatlc conditions and topography influenced the growth and deposition of the

plants during the period coal was formed, the chemical composition of the coal was therefore

chapter 1: Geology 0/ the ;kmth A/rican Coalfields
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also indirectly influenced by these factors. The major climatic and -: ,ral events during
Karoo times arc depicted in Figure 2.3.

Jll'ir,ul'le 2.3 Major climatic and floral events during '(m'oo times (Falcon,1986)

Coal is composed of a number of microscopic organic constituents (macerals) and inorganic
constituents (mlnerals) which forms microscopic bands (microlith(ltypcs). A series of these
bands forms macroscopic bands known as lithotypes. Macerals are divided into tllil!C

grout's, namely vitrinite, exinlte and inertinite. Minerals occur as sedimentary rocks
(siltstones, shales and sandstones) and as mineral grains within the organic matrix of a seam
(quartz, clays, carbonates, sulphides and various oxides). The compressive strength of coal.

Chapter 2 Geology of tfte SmIth Africaii Coal/relds
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depends on the composition of the lithotypes. The strength of each lithotype is determined

by the microlithotypes which in turn dept " ls on their maceral composition. Homogeneous

microlithotypes are lower in strength than those rich in minerals, The highest strength is

found ill the highly mixed, mineral-rich sapropelic coals and the lowest in vitrinitcs because

of the high frequency of fissures and in fuskes because of their pronounced friability. The

hardness (resistance to penetration) of coal varies according to rank and composition. The

hardness of vitrinite-rich coals are at a maximum between low-rank and medium-rank

bltumlnoua coals and decreases to a minimum at the boundary between low-rank bituminous

and semi-anthracite coal. It then Incmases again in the anthracite levels due to the clastic

behaviour' of the vitrinite in the anthracite. The hardness of the inertinite-rich coals,

however, docs not appear to be affected by rank. In terms of the Macerals in the

composition, the inertinite group possesses the highest hardness, viti· nlre intermediate

values, and cxinltes the lowest (Falcon et al, 1987).

In addition to the differences in the chemical composition, the South African coals are

generally hard and uncleared, which makes them much more difficult to cut that the

European coals. Macgregor (1983) summarises the major differences between the south

African and European coals in Table 2.1.

Table 2.1 Major Differences ne~we'm South Ml'Ic(1n and £ua'op(!nn Conls (M~cgrcgor,

1983)

......---~-------------------------
Subtropical climate

4. Shallow scams. Deep seams with accompanying stress
and a high cleat frequency makes cutting
easier than South African coals,

South African European

1. Deposited in a cool to cold climate.

2, High proportion of inertinite and
detrital minerals (clay, quartz).
Tougher and more abrasive than
United Kingdom coals.

High proportion of vitrinite and exlnite,

3. Coal is jointed (little evidence
of rIcat).

Well cleated.

~-------------------------~----------------.-----~

Chapter 2 Geology of the Sol4thAfricall Coalfields
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The major coal deposita in South Africa Occur within the Main Karoo Basin. The coal is

found in the Vryheid Formation, formerly classified as part of the Middle Eeca Series, of the

Karoo Supergroup. This formation is only developed in the northern part of the Main Karoo

Basin, in general north. of latitude 290 (Erasmus et ai, 1981), while the 26th meridian forms

its western boundary (de Jager, 1976). The Vryhcld Formation is a scdlmeatary sequence of

rocks commonly comprising alternating units of sandstone and shale, the sandstone being the

most dominant lithology. The coal seams are well-defined bands of coal with well deflned

roof and floor contacts.

The main Karoo Basin is a large basin situated on the southern and eastern flanks, or South

thereof of the Kaapvaal Craton (Figure 2.4).

PERMIAN
5TORMDtRG
ElEAl.)F'ORT
~'CCA

~ OIltYI<A
COALSf;AMS

(A)

TRlt"S:;l(~

lFfigml'~21.4 The development and ages or coai seams 181 various [(111'00 basins In South

Arden (Felcon, 1986)

C/llJptar 2 Geology 01 the Sculls .African Coalfields
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Sedimentation occurred on a stable shelf in the northern sector or the craton, and in a deep,

rapidly subsiding part of the basin to the South, whlch developed ove1' an unstable, mobile

belt terrain (Falcon, 1986).

Smaller sedimentary basins occur outside the Main Karoo Basin in which the coal is also

gene "llly found in the Vryheid Formation. The main feature of these basins, however, is the

development of coal in the overlying formation, which is regarded as the equivalent of the

Volkstust Pormation in thl. Main Karon Basin (Erasmus et &1,1981). This formation, which

was rormerl~ classified as part of the Upper Eeca Series, has now been named the Volksr. ,I

Forlltatiou. Althougb the Volksrust Formation reaches considerable thicknesses, it is ar ~ay$
1;( ~'U\tC,~wit~ ihale bands which are intimately associated with the coal banda (l~tasrnus

Leeder (1982) states that the broadest pas 'hle classification of environments is into

continental; coastal, sl·elf anJ deep marine. These can be further subdivided into

environmental facies (Table 2,2), The term environmental facies in this context refers to the

the whole set of attributes possessed by the deposited sediment laid down j i1. a particular

envirnnment,

The diffeteul,!C in the genetic sequences in the various coal bearing areas in South Afrlea is

the result of different dept '?;,u s"-luences and depends to a large extent on the

palaeoenvironment, Winter (1985) recognised continental (glacial and fluvial), coastal

(deltaic and barrier) and AhelCdepositional sequences in the Highveld Co,lueld, and he

developed a coal depositional model for the northern part of the Highveld Coalfield

(Figure 2.5). These depositional sequences arc valid for the majority of the South African

coalfields.

Glacial s(.,1uellces are usually formed during the retreat of valley glaciers and arc normally

represented by the diamictite and, in most cases, a smaller component of interlaminated

siltstone-mudstone deposits. The other sequences, namely the fluvial, deltaic and coastal

followed after the glacial pcrlod, and the bottom coal seam genetic sequences are normally

deposited on or near this diamictite which fonns a good floor.

Chapter 2 Geology of the South African Coalfields
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Tl.'ll!Jll'.12.2 Summlu'Y (not .""hllustlve) or the Environments or Deposition on the Earth's

Surface (Leeder, 1982)

!llwi rormcntn l Envl ronmontAssociation---~----+---------~-~--------------------------~Continental Desert Erg, wadi, org apron, Interdune, playa, durlcrust

Fonhoad channel, proximal fnn, distal fan,
suprafan l~ba

Braided channel, ffiOandorlns channel, lijvQe,
crovaSSe splay, fleodbosin, laku

(Sat 11"00,t~'11porQt(iotrotiflod, tropical lItrotlflcd,
glacial, ~9ltD plalh) loke terrace, shorollne,

slope, baSin, delta

Supraglncit'll (flow hll), subglacial (lodgcm2nt
tnl), IntrDglacial (nicltout till), morainic
compltJx, outwQoh fan, glacial lake, esker (also
glaeiollmrlno)----~---~----------~--.--.....-----------.--..._-----------Dlstl"ibutary channot , tidal channel, backswaillP,boy, mouth bar, prodolta

Estuorlnn channol, IiIllrglnalHots, flood tidal
delta

sub-crwtrormonts or onvlronmental variants

Alluvial fon

Alluvial plain and
rlvllrino eona

Lake

Glaclol and
perlglQclal

Coostnl-Sholf Delta

1-------1--------;---- ---
Contlnelnul atcee, cont lnenta] r lso, abyssal plain,
submarine fan, Ilubmarfno channel

Trench, $ubdu~tlcn complox, perched bosln, foro· are
baaln, back-ore \)os:n, fan

flfd-oeean rIdge, ridge flank, abyssal plain (hyper-
nnllllO ocean, ouxlnic ocoon)~ ~ ~ ~ ~m- -= m- ~

Ocoanlc

Estuary

Llnonr elastic
shorollnes

Boach, n\~arshorc, oifshoro, btlrrlor, loSoon, tid'll
flat, tidal dol to, tldol Inlnt, coastal acotlnn
dunon

Carbonato-evaporlto Sabkha ol~Bl mnrsh, tidal flot, boach, lagoon,
oi1orollncQ shcl fa tidal \let to,. platform margin, marginal buildups,
ond basins dQop basin, evaporite bonln

clastic shel f (tide dominated, ~/(!ather dominated) various tidal
bcdforlll'J,sand ribbons, linear tldel rldgos,
oanduavo9., oht·pl rotrcot masnifs, burled channels,
scarpa (131so slilc!OilI(lrlne)

passive m~rgln

Active mOrglh

ocoanic peloglc

Fluviol sequences, such as the sandy braided river and anastomlsed (stable banks) river
deposits of the Highvcld Coalfield, nrc upward fining from coarse conglomerate and
sandstone at the bottom to siltstone at. the top. The ,sandy braided river deposits are
characterised by thick conglomerate and sandstone units, sporadically interbedded ....1th tbln
carbonaceous siltstone ,mits,

C/lapter 2 Geology oj the SouII. African Coalfields
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Transgressive (barrier-island) sequences are characterised by a broadly upward-coarsening

grain-size mode and consist of a basal siltstone which passes into interlamlnared sandstone-

siltstone and then sandstone. It is often capped by thin, discontinuous coal seams.

2.lI..4 Closbif.iendloo or cOlli 1I'c.J1lc.JlI'Ven

Reserves are defined as the known amounts of a mineral that can be profitably produced at

current prices using current technology. The two basic concepts of resources and reserves
often cause misunderstanding. The "Mc[(elvey diagram" (see Figure 2.6), used by the U.S.

Geological Survey and the U.S. Bureau of Mines, shows the relationship between reserves

and other measures of resource stocks (Dorian et al, 1984).

TOTAL RESOURCES-Identified Undisc(Jvorcd
, _,

Demonstrated

I
Inforred Hypothetical Spoculative

Measured Indicated
I

u
~ RESERVES".
0
U
UJ

....,
c:
'iii..

~ m<-
15 ttl

0,

'" I--I;)
u ...UJ

~ '"c:t§
~ I I I Ilit

Incrconlng Degree of..:j-,~~---~-----,-----
Geological AGsuronce

FAgllu't Up Clnscllficatlon of Mlneml Resources (U.S.Bur<!llU of Mlnes, 1975)

Cllapter 2 Geology of the Souil. African Coolfie/Q
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Ti1i5 diagram classifies resources according to two parameters:

(i) The degree of geological assurance or confidence.

(U) The degree of economic rccovcrabllity by mining (Bredel, 1990).

The coal deposits of the Main Karoo Basin have been subdivided into different coalfields,

shown in Figure 2.7, based on differences in lithology, numbering. tluckness lllid quality.

Seven of the collieries practising pillar or rib pillar extraction are situated ill the Northern

Natal coalfields, six itt the Highveld Coalfield, three in thd Eastern Transvaal Coalfield and

one each in the Springs-Witbank, Vereeniging-Sasolburg, South Rand and Zululand

Coalfields. The structure and lithology of only these coalfields will thus be described briefly.

Although the coal seams in the different coalflelds arc numbered or named differently, de

Jager (1976) suggested the following correlation between the coal seams in the different

coalfields (Table 2.3):

'U'1lIble2.3 Suggested Correlation or the Seams or some Middle Eeea Stage Coal

Prcwinces (de Jagcl', 1976)

~b

~n'k ~hvald coalfield carOlf~~Okk~~;I-f-fO~ld"-""~~-'T'"'---'-
u Utrecht Vryh&fd' NewccsUo Culenso'

lfleldl South g florth & Coral ina- Etrnolo Gl~nfil· Uokker' Coolflold Puulplet· Dundeo Lody.",lth

I Centrol Eastern Oreytcn Sector len Stroom .rsburg CoalfIeld Coolfitld
50«or Sector Sccter Sector Sector Cool f fold..~~:s~.110. Silo. 5 A A .. ,.1----- .'----t-~~-I

• + + Frltt' Frltt·
NO. ~A flo. 4A No. 4A n 9
h.W h.W h.W C C
+ + .. + +

uc, 4L
No.3
No.2
No. I

~rltz •
Top
nottom ••

flo. 4L
ue, 3
No.2
HO. 1

Frftt •
Alfred
Cus
UpP<lr
Dundos a
Dundas
COlcing
Tornoo
+

Frlu •
AlfrCld
Cu.
•

Fritz •
Hoo.
Iloln
+

Frill
AlfrCld
Gus
Upp~r
DUndos
Oli'ldos
Cokina
Torg09
+

Looder
Top
Bottom
Lower
Leoder #
+ ?•+
+

Dundos #
CokinO •
Torgoo •
+

No. 4L"0. 3
No.2
flo, I

Dundas
Cokina
roroon
+

Yord
Coklna•

+ Absent.

* Represented by carbonaceous shale.

fl Intermittent or locally developed.
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2.2 The JliigbvlIlhllCoalfield

The HighveJd Coalfield, which covers approximately 7000 square kilometres, is situated in

the south-eastern Transvaal. The following collieries, practising pillar or rib pillar extraction,

are situated in this coalfield: Malia. Kriel, Bosjesspruit, Twistdraui, Mlddelbult, Brandsprult

and New Denmark. It is the major coal producing coalfield in South Africa.

The High"! -ld Coalfield contains sedimentary rocks of the Dwyka Formation and the Ecea

Group of the Karoo Sequence. North-West to South-East trending pre-Karoo glacial valleys

controlled the deposition of plant material alcng the northern and western boundaries, and

steep slopes are envisaged to occur along the rim of these valleys. The coal in the South and

East, {,t" lever, was deposited on slightly undulating wide valleys and ridges (Erasmus et al,

1981 and Jordaan, 1986). Cadle and Hobday (1977) identified three phases of

sedimentation: a lower delta-dominated phase, a fluvially dominated coal Wile, and an upper

deltaic succession. Sand-dominated facies types in the Highveld Coalfield (see Figure 2.8)

form extremely laterally continuous and regular sheet sandstones. This continuity of the

sandstone is typical of high constructive lobate deltas (Winter, 1985).

At the majority of the collieries, the strata overlaying the No.4 Seam (which is the major

seam of economic imparlance at all the collieries) consists of thick cocipetent sandstone

which generally forms a good roof. This competent sandstone roof, however, ..: '0:.:6 not cave

readily during pillar ext' ICtiOn, especially in narrow panels. This causes stress increases (In

the pillars being extracted and can cause premature failure of the partially extracted pillars

or goaf overruns of the pillars and breakerllnes when the roof does goaf during pillar

estractlon,

Dolerite Intrusions

Intrusives of the Drakensberg Formation, m the form of dolerite sills and dykes, covers large

areas of the coalfield. The older dolerite sill is non-porphyritle, generally coarse-grained and

heavily jointed. It generally occurs at or ncar the surface and weather's relatively easily. This

dolerite sill, which may correlate with the Matshongololo sill in Natal, attains a thickness of

Chapter 2 Geology of the South. African Coalfields
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up to 90 m and consists of composite sills or a serles of splits. These splits can be up to 40 111

thick. The younger sill is porphyritic and similar to the Utrecht dolerite in Natal. It varies

from 5 m to 80 m in thickness and is filler grained than tIle older sill. III the Standerton area,

this sill intrudes the older non-porphyritic sill (Jordaan, 1986). These sills have been

observed to transgress the coal horizon in various places, resulting in the formation of burnt

coal and the displacement of coal seams, especially in the central and southern parts where

the coal seams have been intensely disturbed.

Numerous dolerite dykes, varying in thickness from a few centimetres to several metres, have

been encountered in the coalfield. They have a major influence on mine layouts and the type

of mining methods that can be used cost effectively.

The Coal Seams

All the coal scams of the WitblWk Coalfield, namely No's. 1, 2, 3, 4 and 5, are present in the

coalfield, but only the No. 4 Seam is currently economically extractable throughout the

coalfleld, The No's. 1 and 3 Seams are thin and discontinuous throughout the coalfield. The

No.2 Seam is currently economically extractable at Matla, Krlel and Middelbult Collieries,

and the No.5 Seam, only at Matla and Kriel Collieries in the northern part of the coalfield.

The general stratigraphic sequence of the Hlghveld Coalfield is shown in Figure 2.8.

The Nos. 1alld 3Seams are thin and discontinuous throughout the coalfield and is currently

not considered mineable.

The No.2 Seam is thick and laterally continuous in local basins and vnlleys in the northern

and western parts of the coalfield whe~e it attains a thickness of up to 8 m, The immediate

roof is variable and can consist of sandstone, siltstone or mudstone. The sandstone forms a

good roof, but the other strata normally require systematic roof support. The variation in

the floor strata is similar to that o~ the roof strata. The sandstone forms a good floor, but

the oilier rock types brenk up under heavy mining equipment, especially in the presence of

water (Jordaan, 1986).

The No.4 Seam is split into Nt 4 Upper and 4 Lower Seams by a parting which increases

in thickness from 2 m in the North to approximately 15 111 in the South. The No.4 Upper

Seam onl) attains mineable thickness in limited areas in the western part of the coalfield.

Chapter.2 Geology 0/ the Soutll A/rican Coalfields
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Jl.i'a(ltl1tCl2.3 Gcnen,\1!ltrotlgrnpble sequence or the High"lcld Coalfield

The No.4 Lower Seam, which is well developed over large areas, with an average mineable

thickness of approximately 4 m, is the main sewn of economic importMce and iii mined by
all the collieries in the coalfield, De Jager \1976) states that the No.4 l {I\' .~~Seam is of
great importance to the country, as it OCClil'S in the Highveld Coa1ue!.iwl.idl, ~';th the
exception of the Waterberg Coalfield, is the only coalfield that can readily satisfy 1\ large

Claapter 2 Geology of tile South African Coalfields
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future demand. The roof of the No.4 Lower Scam also varies considerably and can consist
of grit, coarse to flue-grained sandstone, inter-laminated sandstone and siltstone, shale or
coal. In the South-East the sandstone roof can be up to 25m thick. The sandstone provides
a good roof, but the other strata normally require systematic support after mining. The floor
consist of fine to medium-grained sandstones which result in fair to good conditions.

The No. S Seam is developed over the entire area, but the average thickness is less than 1m
except in the North where a maximum thickness of more than 3 m have been recorded, The
roof of the No.5 Scam consists of a medium to course-grained sandstone which results in a
good roof. The soft, highly micaceous siltstone, which becomes slippery and friable on
exposure, causinl,'!serious problems in the floor of the No.5 Scam.

2.3.1 GQll~;!rnl

This coalfield extends from Carolina in the North to Volksrust and Wukkerstr(tQm in the
South and covers an area of approximately 11. 000 square kilometres. The three collieries
practising pillar extraction 1n this coalfield, are Ermclo Mines and Usutu Colliery in rhe
North, and Savmore Colliery in the South.

The coal seams Of this coalfield are relatively flat with gentle undulations. Very little folding
of the strata occurs, but faulting is common. These faults are generally associated with
intrusions of Karoo dolerites of Jurassic age (Greenshlelds, 1986).

Two major sills, and splits of these sills, are present in Ermelo area of the coalfield. These
often transgress the coal seams, dividing the area into a number of reserve blocks (see
Figure 2.9) and result in zones of devolatilised coal.

Dolerite Intrualons

As many as ten ages of dolerite sills, varying from 10m to 230m in thickness and increasing
in number n. a southerly direction, have been identified in the coalfield. Vast quantities of
coal have been burnt or devolatiliscd and the coal reserves have been cut up into blocks

Chapter 2 Gl!.olo[JY0/ tile Sou til African Coalfields
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varying in shape and size'"with assoclated elevation differences between the blocks (Erasmus

I't al, 1981).

Numerous dolerite dykes, varying from 1,0 m to 10,0 m in thickness, occur in the coalfield,

increasing in intensity from North to South,

IFBffC'lrt'02.S' Geoll)gi£al section across the lErmclo Mining Atu

The Coal Seams

All five major coal seams in tbe Vryheid Formation have been identified in th) coalfield, but

I)nly three have attained curreutly economlcally mineable thicknessea throughout the

coallleld, The coal seams in the northern half of the coalfield have been numbered

differently to those in the southern baJ!, but can be correlated with the coal seams in the

adjacent coalfields (Table 2.4).

The currently mineable coal scams in the northern area are the H, C-Upper" C·Lower and E

Seams. The B, C-Upper and C-l.ower Scams seams call be correlated with the mineable

seams In the southern area, namely the Alfred, DUndas, and Gus Seams,

CI,apter 2 Geology of the South A/ric(l11 (Ioalfields
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'll'1l1l»11ll2.4 Suggested COllI Seam Cerrelatlo» (Oreenshlelds, 19116)

--EnG torn transvaalHighveld Coalfield Utrecht
Coalfield Coal fieldNorthern S(Juthern

lIolf flalf

Uo. 5 A Eland ~IQnd

No. 4A B Alfred At fred
No.4 upper C GuS Qus
No. I, Lower CLower Dundas Dundas

No. 3 D Coking Coking
No.2 E Torgos Targos

The thickness of the parting between the Alfred, Dundas, and Gus Scanls vary widely
throughout the northern part of the coalfield and this has a major influence on the viability
of multi-seam mining. The general stratigraphic sequence of the northern and southern
parts of the coalfield is shown in Figure 2.10.

The E Seam is well developed in the northern prot of the coalfield and attains n maxintum
thickness of over ::lm at depths langing from surface to 100m, The roor and floor of this
scam are generally composed ot competent sandstone and do not require intensive
systematic support.

The D Seam is usually too thin to be mined by present underground mining methods. It may
thlckr.n in local Areaswhere, when considered in conjunction with other seams, it may have
opencast potential.

The C Scorn is the most complex and is usually split into several plies by l?artillgs varying in
thickness. It is traditionally subdivided into the C Upper and C Lower seams (Greenshields,
1986).

The CLower Scam is usually thin ill the northern part of the coalfield, but attains a thickness
of up to 2,0 m in the southern part. TIle floor of the seam usually consists of a sandstone

Chapter 2 Geoio?:! oj tile South A/rical! Coalfields
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which forms a good floor, whilst the roof generally consists of carbonaceous shale which
requires systematlc support.
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Figuli"le2.10 Gencml strutlgrnlllhic sequence of the Z"stcrn Transvaal Coalfield (Elt'asmus

dnl,19!l1).

The C UpperStem is well developed over the entire coalfield, but it is often split by In-scam
sandstones, siltstones or mudstones which vdry in thickness and lateral extent. Th" floor
normally eonsista of a competent Sal .."lte. The roof also consists of sandstone and docs
nolmally not require intensive support.

The B Seam is also developed in the entire coll1.!1eldand varies in thiclmess front 1,0 In to
3,0 m. The the northern and central areas rhe seam may be locally spllt by In-seam bands.

Chapter 2 Geology 0/ the South African Coalfields
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The roof and floor generally consist of competent sandstone which forms a good floor and

docs not require lntensive roof support.

TheA Scam occurs as isolated outliers ill the northern and central parts of the coalfield. III

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 economic importance (Greenshields, 1986).

This coalfield extends from Verceniging in the North to Koppies in the South, and from

Vredefort in the West to the Vaal Dam in the East. Since the closure of Cornelia and

Coalbrook, Sigma is the only working colliery in the coalfield.

The coal L'1this coalfield was deposited by southerly propagated fluvio-deltalc complexes

which filled tile pre-existing glacial valleys. These glacial valleys arc North-South trending in

the eastern part of the coalfield, but in the western part the trends arc North-West to South-

Ea~t.

The thick dolerite Dills above tbe coal horizon and the lelative!y weak roof Iltrata haw t\

major influence on pillar extraction in the coalfield. At ~:--q Colliery these geological

conditions and the behaviour of the strata makes pillar extraction wlth comnr.tlMal

equipment a hazardous operation.

Dolerite intru9loli.!i

Dolerite sills up to 120 m thick occur in the area. Where these sills are in close pmximity to

the coal seams, they have a profound influence on the volatile content of the coal. The thick,

competent sills also cause significant caving problems for high eldr,w': . '\ mil'h·..!J.~t'lhods.

Numerous dolerite dykes, faults and slips are encounter in the ('J)a1fielci. The dykes seldom

exceed 1,0 m in thickness and do not have a signHk "( thermal influcr ..e on the coal.

Chapter 2 GlIOJogy 0/ the SOloltl,A/rican CI1Glfielth
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The Coal Seams
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Three mineable coal scams OI:C\lr in this coalfield (Figure 2.11) and arc conlained in within a
zone that is up to 40 m thick.
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IFlgl'ltre2.U. Ge~el'nl strntlgrnpldc sequeace or thl) VereeDI~ha-S"solburg Coalfield

The No.1 Seam is usually only locally dr;::.Joped in the deeper parts of the basin, mainly in
the eastern part of the coalfield where it attains II thickness of up 1.05 m, In some "teas the
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seam is split into three different units by partings up to 3,5 m thick. The roof consists of

upward fining sandstone, grit and conglomerate which gcnerr.lIy forms a good roof. The coal

seam is deposited on or ncar the Dwykn diamictite which forms a good floor.

The No.2 Seam is normally divided into the No. 2A and No. 2B Scams which arc separated

by a mudstone band which can be up to 2 m thick. The combined thickness of the No.2

Seam can be in excess of 10 m, but due to the thin shale parting, only one of the two seams

have been mined to date.

The roof of the No. 28 Seam consists of a sequence of shale, sandstone and mudstone layers.

Roof problems lire experienced as a result of the lamented Old cross-laminated nature of

these layers. The mudstone parting between the No. 2A and No. 2B Scams Corms the

relatively poor floor of the No. 2B Scam. ThL~mudstone parting thus forms the roof of the

No.2A Seam. It forms a poor roof that requires intensive roof support, The floor consists

of the upward fining sandstone, grit and conglomerate, which forms the roof of the No.1

Seam, and good floor conditions are experienced.

The No..1 Seam has a average mineable thickness of approximately 401, 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

tendency of the mudstone to expand on exposure to air aud water (Steyn et at, 1981.). The

floor, which consists of shale, sandstone and mudstone layers, tends to break up under

traffic, especially when exposed to water.

2.!i.1I. Gflllu:rrOn

'Ihe coalfield extends 180 km in a ElISt-West direction, from Springs to Belfast, and

apprmdmately 40 km in a North-South direction.

Beca\..~I' of the relatively shallow depth of the 0011 seams, a high percentage (If the coal

production from this coalfield is by opencast methods while the bulk of the underground

production is achieved by conventional bord and pillar mining. This is mainly due to the four

superimposed mineable coal seams, varying in nature and quality, that occur ill the coalfield.

The variable marketing restraints makes scheduling and sequencing of total extraction, which

Cllapter 2 Geology of the Soutll A/riesta Coalfidlds
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has to start from the top seam downwards, extremely difficult. Pillar extraction is presently
only practised Oil Greenside Colliery.

Dolerite Intruslons

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

The Ogies Dyke, up to 15m thick, is the most promlnent dyke in the area and has resulted in
an accompanying burnt zone of up to 300 Inwide. Offshoots of this dyke arc common in the
coalfield, but their frequency appears to be less to the North of this dyke. Only a limited
number of dykes occur in the Spring.~area and the eastern part of the Witbank Coalfield.

The coal seams in this coalfield are generally not affected by folding or severe faulting,
except where associated with dolerite intrusions. Small faults with displacements of less than
one metre are rare.

The Coni ScalDS

All five major coal s.iams in the Vr'jheid Formation have been identified in the coalfield, and
are also number No. 1 to No.5 from the bottom upwards (Figure ~.12). All the seams,
except the No.3 Seam (Which is thin and sporadically developed), are mineable by current

underground zaetaods (Smith et ai, 1986).

The N{). 1 Seam is usually 1,5 to 2,0 m thick and is currently mall111ymined by opencast
methods. However, the competent grit roof and hard sandstone floor result in good
underground mining conditions.

The No. :'.Scam has an average thickness of 6,5 m and contains the bulk of the reserves
(approximately 69%) in the coalfield. The roof consists of shale which forms a poor to fair
roof when exposed, but roof conditions are generally good where 1m to 2 m of coal is left in
the roof. Floor conditions ate normally good as the floor consists of hard sandstone o( grit.

Chapter 2 Geology of tile South A/rican Coalfields
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The No, 4 Seam i~2,5 to 5,0 III thick, except in the western part of the coalfield Whlll:c it

reaches a thickness of more than 6 m. The parting to the No.2 Seam is 15 to 20m and
consist') mainly of shale formations, Mining is normally restricted to the lower 3,5 m of the
coal seam because of the poor quality in the upper part of the seam and the bad root
condltions if the shale is exposed.
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Tlte No.5 Seam has an average thickness of 1,5 to 2,0 m and occurs about 25 m above the

No.4 Scam. It OCWtS at an average depth of approximately :-lQ III below surface and has

been eroded in the blghcr areas. The laminated sandstone forms a poor roof that requires

intensive roof support, and the laminated mlcaceous sandstone floor presents heaving

problems in localised areas (Erasmus et al, 1981).

2.6.1 GClIlc1I'll1

The Northern Natal coalfields have been subdivided into three separate coalfields, namely

the Klip River, Utrecht and Vryheid Coalfields. The Natal coalfields, i...'lcludingthe Zululand

Coalfield, are the only producers .,f hlgh-grade anthracite in South Africa and also produces

some of the best quality coking coal. The Utrecht Coalfield covets an area or approximately

5 000 square kilometres and is situated in the Utrecht and Paulpletersburg districts. Two

collieries, namely Longridge Colliery and Welgedacht Exploration Company Limited, are

practising pillar extraction in this coalfield.

The two factors which have hmajor influence on the mining in the Northern Natal coalfields

arc the large number of dolerite sills overlying the coal zone and the large variance in the

depth as a result of the mountainous terrain. The latter has a major effect 011 pillar and

panel sizes and layouts. The varying depth under the mountains often results in frequent

changes in the size of the pillars, which lfect the panel width, withill. the main, secondary

and panel development. This leads to different stooping practices, often in close proximity to

each other. The often multiple, thick dolerite sills result in increased stresses on the pillars,

especially during pillar extraction.

Dolerite nutlMJoioll!l

Five major dolerite sills are present in the Utrecht Coalfield. 'These dolerite sills, in order of

decreasing age are the Zulnguln, "B", Utrecht, Ingogo, and No. 10 sills. Of these sills the

Zuinguin is the most persistent and attains II thickness of up to 150 m, Major displacements

of the coal bearing strata have been caused by these transgressive dolerite sills and faults.

Chapter 2 Geology 0/ the $outla A/riclJn Coalfield.~
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Although vast 'lu~ntities of coal were burnt or dcvolatlllscd during these volcanic events, the

thermal effect a4 led to the Iormation of the good quality anthracite and coking coals.

Dolerite; dykes, with thicknesses varying from 1 m to 10 m, are common in the coalfield, but

faulting is not normally associated with the dykes.

Major faults within the coalficfds are caused by the dolerite sheets transgresring the coal

zone, and faults with displacements of up to 150 Ill, associated with the Zuinguin Sill, have

been encountered ln the Utte:ht Coalfield (Spurr et al, 1986).

The COlli Scams

Only four of the coal BCU1l1S in t~e coalfield, correlated in Tabl!: 2.3, arc cl~onomkally

mineable with present technology, namely the Alfred, Gus, Dundas and Coking (Figure

2.13).

The Coking Seam is generally thin wilh an average thickness of 0,9 m and a maximum

thickness of 1,5 m, The seam is unaffected by the dole rites and yields a moderately good

coking coal. The roof and floor rocks consist of sandstone and are normally competent,

The Dundas Seam occurs approximately 15 m above the COkiIlg Seam and attains a

thickness of up to 2 m, The roof consists of sandstone which for ms a good roof, but the floor

consists of incompetent shales which breaks up under traffic,

The Gus Seam occurs approximately 17 m above the Dundas Scam. The Gus Seam can
attain a thickness of more than 1,0 m. in the southern area up to 3,3 m in the northern area,

and has been the most extensively mined scam in this coalfield. The roof in the Utrecht area

consists of sandstone and is fairly competent, In the Kempslust area, however, the thinly-

laminated sandstone form an extremely incompetent roof (SP\ll'f et at, 1936). Th~ floor

consists of sandstone and is fail'1y competent.

The Alfred Seam occurs approximately 14m above. the Gus Seam. The scam is best

developed in a downfaulted block South of Utrecht where it attains a total thickness of

nearly 4 m with a mineable thickness of 3 m, In the northern area the seam reaches a total

thickness of 3,0 m of which the bottom 1,5 m is currently considered to be ecouomically

Cllapter 2 Geology of the Soutl, African Coatjil1lfl$
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mineable. The roof and floor consist of sandstone. The roof is reported to be moderately
competent while the sandstone forms a good floor (Spurr et al, 1986),
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Figon 2.13 General strntlgl'llphlc sequence IIf tile Utrecht Coalfield

The Vryheid Coalfield lies to the East or the Utrecht Co' lfield in the districts of Vryhcid and
Ngotshe, and covers an area of approximately 2500 square kilometres. The collieries
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practising pillar extractlon in this coalfield arc: Vryheid Coronation Colliery, Hlobane

Colliery and Alpha Anthracite Colliery.

Similar to the Utrecht Coalfield, the two 'actors which influences mining most are the large

number of dolerite sills overlying the coal ... 1 .! anc the large variance in the depth as a result

of (he mountainous terrain.

In addition to this, dio floor condhlons also vary clInsidcrably, depending on the seam being

mined. Apart from went and lnminated floor disintegrating due to tramming, the

comblnatlon of dep. h below surface, com petent overlying roof strata and weaker floor :Itrata

also lead to floor heave or 'creep'. The phenomenon of floor heave is the result of pressure

and stresses within the mining area being transmitted through the surrounding strata to such

an extent that the strata in the floor break down under these pressures, resulting in tho floor

lifling towards the roof (sec Chapter .i, Figure 4.4).

Dolerite Intrulliolill

Five major dolerite sills have been identlfled in tl.e coalfield. 1'1 order of descending ..ge,

these are the Zuinguin, Ngwibi, Matsbongololo, Nyembi and Enyatl sills.

The older intrusions, particularity the Zuinguin Sill, are fairly consistent while the YOI nger

Intrusions, like the Enyltti Sill, are typically erratic and commonly dyke-like.

'rhe sill phase was followed by a a period of dyke intrusious, up to 10 m thick, which is

I ssoelated with limited faulting only (Bell and Spurt, 1986).

'X111\lCOlli Seams

As many as nine seams have bee il\cntified witL~ the coal zone of the Vryheid Coalfield.

The most o'ltstanding feature of this coalfield is the change in the character of the scams,

and the associated roof and floor strata, over short distances, later-seam partings are

discontinuous over short distnnccs and often makes scam identification and correlation very

complicated (Bell and Spurr, 1986).

Chapter 2 (Jeology oj tile South African Coalfie/ll~
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Four of the SCIUllS in this coalfleld are currently economically exploitable with underground
mining methods, namely the Coking, Dundas, Gus and Alfred Seams. Apart from these
scams, only the Fritz has economic potential. The typical strutigraphy of this coalfield is

shown in Figure :2.14

The Coking Seam seldom attains a thickness of more that ~0 m and has to datu not been
exploited over the entire :wAlfield. It has not been effected by d,,'erito intrusions and yields II
good coking coal. The roof strata consist of competent sandstone which {arms II good roof.
'the floor usually consists of fille-grained, micaceous sandstone which grades to a grey shale,

This strata {crill a poor floor which tends to brenk up under the weight of mining machinery,
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The Dundas Seam is commonly split into two and occur as two separate scams in the
northern and central parts of the coalfleld, In the southern part, however, the upper portion
of the seam is often replaced by a earboaaceoua mudstone.
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The Lowcr Dundas Seam varies in thick>\ess from 0,2 m to a maximum of 2,S m, It often has

a thin sandstone and shale parting in the top portion of the scam which can reach a thickness

of up to 1,0 m and can present problems when mining the scam. The roof and floor

conditions are highly variable and are generally pour. The roof strata consist of shaly

sandstones, often with a thin mudstone band on the coal contact. The floor generally

consists of a micaceous mudstone or laminated sandstone which tends to break up under

mining machinery.

The Upper Dundas Seam generally OCcurs l,S m to 6,5 m above the Lower Dundas Scam.

The thickness of the seam over most of the coalfield varies between O,15m and 0,5 m, but in

the Vryheid Coronation area, it attains a thickness of 1,0 m to 1,2 m, The roof and floor

strata consist of generally incompetent, micaceous sandstones and roof and float conditions

are relatively poor. The occurrence of floor heave can make the mining of thill seam

extremely difficult,

The Gus Seam is the most extensively mined seam in this coalfield and varies in thickness

from 0,5 111 to 2,0 m, In the eastern part of the coalfield, however, the Gus Seam appca~1i to

have been replaced by a carbonaceous shale. The roof normally comprises a coarse-grained

sandstone which forms a competent roof. The floor strata consists of sandstone, often

interbedded with shale bands, and can cause problems when using mechanised mining

equipment.

TheAlfl<ld Seam attains a thiclwess of up to 2,2m in the Vryheid area and bas not been as

extensively mined as the other seams in the coalfield, Roof conditious are generally poor,

because mudstose and lower quality coal arc leCt in the roof to maintain a better qualil.Y

prod"!":. The float consists of sandstone and is fairly competent.

The Klip Rivet CQalfield is roughly triangular in shape with it's apex in the North beyond

Newcastle, stretching South to Ladysmith and then South-East to Dundee. It covel'S a total

area of approximately 6 000 square kilometres of which about 50 per cent is considered

potentially coal bearing (Bell and Spurr, 1986). The two collieries practising pillar extraction

ill thls coalfield are: Rilb",chan Colliery and Durban Navigation Collieries.

Chapfer 2 Geology of tlaeSOllth African Coalfields
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Dolel'l~e Intrusions

All tectonic disturbances, apart from minor faulting, can be ascribed to dolerite sill
intrusions. The maximum displacement reported within the coalfield is 137m. Nine types of
dolerite sills have been recognised in the area. The four major sills, from oldest to youngest,
!lre:Zuioguin, Utrecht, Ingogo and Talana,

Dykes, ranging in thickness from n few centimetres to tens ('f metres are common and seem
to be concentrated in certain areas. Their composition is similar to that of the sills, and they
are often associated with small displacements. Burning and devolatlllzatlon of the coal are
also often associated with these dykes (Bell and Spurr, 1986).

'The Coal Seams

Ouly two coal seams, namely the Top and Bottom Seams (Figure 2.15), have been exploited
commercially. Altbcugh ccrrelatlon of the coal scams in this coalfield and the adjacent

Vtyheid Coalfield is uncertalll.. it L~generally accepted that the Top Seam correlates with the
Alfred Scam and the Bottom Seam, with the Gus Scam.

The two coal Seams are separated by a parting; varying from a few centimetres to 1,1m iu
thickness, consisting of sandstones and carbonaceous mudstones. Where this parting is less
th lU1 0,5 m, those two seams Me often mined in one lift.

The top Seam has an average thi*t" "s of 1,10m and frequently contains minor shale
partings. The roof strata comprises micaceous sandy shales which generally do not form a
geed roof. The floor consists of micaceous or sandy shale which can be very slippery when
wet end can break up under the weight of mechanised mining equipment.

The Bottom Seam is often split into lWO or three scams separated by thin sandstones, shales
and carbonaceous shales, The roof, comprising the bottom of the sandstone parting between
the two seams, are normally competent. The floor consists of micaceous or sandy shale
which can break up under the weight of mechanised mining equipment. The floor of both
seams can itt some specific cases also be prone to floor heave.

Chapter 2 Geology of the Soutli African Coalfields
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This coalfield stretches frOL' Durban in the South to the Swazlland border in the North, The
coal.be.lring area eJ:tends through Swaziland joining up with tbe IComatipoort Coa1Iield to
the North. The reserves are found in the l.[ongoma Basin which is preserved within a graben
along the eastern edge of the Kaapvaal Craton, Much of the coal in this basin is too lean or
has been either eroded; burnt Oil elrtellSivelyfaulted and. intruded. However, in certain
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distinct blocks the anthracite I'CSt s have been preserved, often exhibiting a remarkable
consistent qllaUtyover large area,

The only producing colliery in this coalfield is Zu1uJandAnthracite Colliery which employs
both conventional equipment and a roadheader in pillar extraction,

This is structurally a complicated coalfield. In the vicinity of Nongoma the strata lie virtually
horizontal, but towards the Lebombo Range, where dips of up to 45° have been recorded, it
start dipping in an easterly direction.

Major rifting in the area was associated with the onset of plate tectonics during later Karoo
times. This resulted in a series of North-South striking faults that separated the coal zone
into North-South trending blocks (Figure 2.16) which arc further subdivided by NWISH
striking transverse faults.

Fi(J1llU'02.115 Section acrOBS the mlnlog area showlog geological struetures
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L.'~'.~li .•ltiag in the area is predominantly of the wrench (scissor) type which arises as a

I ~!llll" of the rotational movement between the fault blocks. 1'he distinctive feature of such

falliting is that displacements along strike can vary from a few centimetres to several metres

over relatively short distances.

Numerous dolerite sills and dykes occur in the. coalfield. A number of phases of dolerite

intrusions in the form of both dykes and sills were associated with the faulting (Oldroyd et al,

198~). The general stratigraphic sequence of the Zl1luland Coalfield is shown In Figure 2.17.
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TIle Coni Seams

Although the coal seams of the Vlyheid Formation have been intersected in the Nongoma
area, they are much thinner and often split into a number of scams. The onlyworkable seam
in the area is known as the Main Seam, and three well defined markers overlie this seam
(Figure 2.17).

The M(li,~Seam dips between 1,~and 15 degrees towards the East auci '$ structurally very
weak. In the Zululand Anthracite area, the seam occurs at a depth of 0 to 280m and the
seam height ranges between 1,5maud 3,2m, averaging2,7 m.

The roof consists of a competent, massive Ieldspathic sandstone. Jolntlng of the roof is

rarely visible and is usually associatedwith dolerite intrusions. The floor consists of layers of
siltstones, fmc to medium grained micaceous sandstones and carbonaceous shales wit).
occasional coal stringers.

The geological composition and strata behaviour in every situation is unique. However,
there are also many similarities, if not in the composition, then in the behaviour of the stratn
when exposed by mining. Tllese similarities make it possible to formulate design guidelines
that can be applied in the industry.

CI.apter 2 Geology of the Sm~th African Coalfields
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STR.ATACONTRo[. meonrss IN COhlf.l\UNiNG

3.1 Stlrll)~ylFndoa'S tl'or !Filiali'll in i!Jo:rd and riUmr Mindlillg

The design of bord and pillar workings in South Africa arc based on a procedure proposed
by Salamon in 1967. Salamon and Munro (1967) conducted a statistical analysis of 27

collapsed and 98 intact plllar geometries from collieries in the Transvaal and Orange Free

State. The pillar strength formula. developed by Salamon and MUnro in 1967, Wasderived
from this analysis and forms the key element in this design procedure. commonly referred to
as the sQl'etyfactor formula.

The safety factor formula is given by:

Sufely Factor ~ .. PtllarStrongth
1. .• Pillar Load (1)

where:

Pillar strength WOl6
r .? i~itf;i; M I' Ct

'" 0.02511 ~~:EtMPaw2

(2)

Pillar load (3)

Legend: R '" Depth to the floor of the seam. em)
h c Mining height, (m)

w '" Width of the pillar, (m)
b ea Bord width, (m)

This safety factor formula has been successfully used since 1967 to design coal pillars.

On the strength of t:.Us study and analysis, Salamon and Munro (1967) concluded that IU1

acceptable safety factor for pillars in production panels ill most mining conditions is 1.6.

They emphasised, however, that local experience may permit the reduction of this value to
1,5, or geological disturbances or other unfavourable features may require a safety factor of
1/7. A safety factor of 1,8 to 2,0 is normally used in main. and secondary development for
long term stability. It must be noted that the safety factor formula is a statement of the
stability of the pillar and not of the bordo
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Salamon and Oravecz (1976) stated that the safety factor formula probably underestimates

the pillar strength when the width to height ratio exceeds 5 or 6, and that the pillar would be

indestructible at a width to height ratio of 10.

Many people applied the pillar strength formula well outside the range of parameters for

which is was derived. Salamon himself recognised the shortcomings of the design formula

and in 1982 he proposed an extension to the formula to account for the increase in pillar

strength beyond the critical width to height ratio as suggested by many tests on small

laboratory specimens (Madden and Wagner, 1991).

Salamon proposed the following extensions to the original pillar strength formula of 1967:

The original pillar strength formula

Pillar streugth (2)

can be expressed in the following form

Pillar strength (4)

where: R '" width to height ratio, and

V '" the pillar volume

Based on pract:-1l1 experience, model tests and theoretical considerations, Salamon

sllggested that when R > Ro the strength can be expressed more accurately by the following

formula (Madden t) /agner, 1991):

RO.S933 {O.S:.33 [(RRo)£-l]+l }MPaSquat pillar /;trength" '1.2 ii;.06dY " (5)

where: Ito ... the critical width to height ratio, and

e '" the rate of strength increase

Based on the fact that no pillar with a width to height ratlo greater th'!ll 3,75 has collapsed,

Salamon and Wagner (1985) suggested that for the squat pillar formula Ro be taken as 5,0

and, although more difficult to make a realistic estimate, that ~ be taken '\S 2,5. Model tests

on sandstone specimens l'anging from R ::::1,0 to R '" 810 suggested that the value of 2,5 wa.

a conservative estimate (Madden, 1991).

Chapter 3 Strata Control Theories in COlliMining

"i
..... 4.."'If',,~'

t .. d.
( 1



42

This suggests that when the wi(lth to height ratio of a pillar is greater than 5, irrespective of

the mining depth, the squat pillar formula is the more suitable formula to use as it prevents

locking up coal reserves in pillars designed unnecessary large.

The safety factor of a pillar, using the squat pillar formula, is:

Safety factor t:I
f1P SquaCPillarSlrllflglh
T .. N PtlltirLctui

The squat pillar formula thus takes into account the increaae in strength of a pillar as its

width to height ratio increases. A comparison of the pillar strength calculated by the squat

pillar and Salamon formula is depicted in Figure 3.1.

90·

STRENGTH:: 7,2 ~~ {%U%/-lJ + 1 ~
so-

10-

o

g·2,$
Ro· 5,0

PILLAR WIDTH to HEIGHT RATIO

~'&f!Otre:U. J!llIar Strength Calculated by the Squat Pillar Formula and the Salomon

Filial' Strength Equation (Mudden, 1989)

These formulae were developed using the tributary area theory to determine the load on the

pillars in a static situation, where the load on the pillar is calculated assuming tba~ each pillar

supports the weight of the strata immediately above it (see Figure 3.2). It can be assumed

that the whole weight of the overburden is shared equally by the pillars if the panel size is

CllGpter 3 Strata Control Theories in Coal Mining
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greater than the area of a elrcle drawn with a radius 0,75 to 1,0 times the depth below surface

(Salamon and Ol·aVCCZ.1976).

It is important to note the following comment made by Salamon and Oravecz regardlng

these safety fa('t')rs:

''It is necessary to point out that lite many concrete recommendations made, for example, values
of safety factor, are intended ollly as a gencral guide. It is always dOllgemus to gencralise in
milling, w/tere ge%gi(:ol and otner conditions vary widely. The recommendatiolls should
always, tlter~fore, be reo$seuclJ ill tenus of local e.rperlence."

As the pillars created in bod and pillar mining remain static, except for some scaling, the

safety factor does not change. The safety factor is thus determined by the loau borne by the

pillar and the strength of the pillar. Figut" 3.2 depicts the tj>picltl load supported by a pillar

under the mining conditions described in the Model 3.1.

SURrACET...__.==".-.......-.:;.:;;~~. ,,;,0;;,:: "'._..,.---====...==j""--_.......""---=-
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lFintllll'(j)3.21 Load Supported by a Pillar In }jv ..d aml FilIal.' Mining (Beukcs, 1990)

The following example (Model 3.1) will be used to explain and determine the safety factor of

the pillars using the different formulae, and the influence of a dolerite sut on the panel

widths:

Chapter 3 Strata Control Theories in Coal Mining
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Assume a coal scam 160 111 below surface (to the roof of the seam) overlain by a 40 m thick

dolerite sill. The base (If the dolerite sill is 40 m above the upper contact of the coal seam.

The mining height is 2,5 m, the bard width is 6 m and the pillars am 18 m square. The first

subsidence on surface, and thus the first break of the dolerite sill, occurs 1:iGin sfter

commencing stooping, assuming that the pane' is wide enough to cause the sill to break. The

angle oCfracture is 1SO(measured from the vertical).

3.1.1 Caleuludlllla ahlll sufl'ety factor oHhc pillaII'I>by using tllnCl.1 Salamon II'Clrmcla:

SaCetyFactor

wbere:

Pillar strength

Pillar load

Legend:

<=I !1p '" PIZZurSlrenglh
L Pilla» Load (1)

(2)

(3)

H '" Depth of mining to the floor of the seam, 111

h ea Mining height, m

w ""Width ot pillar, m
b <=I Bord width, m

If the figures inModel 3.1 are used, the safety factor of the pillars is:

Pillar strength

Pillar load

Safety Factor

"" 7.2 ISo 40
Mpa~

'" 14.86 MPu

O.02Sx 162, S (18+ 6)2
MPa182

1.22MPa

14.86
'7;.22

.::::: 2.06

Chapter 3 Stra.ta Cvfltrol77leories ill Coal Mitlillg
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3.1.2 CU!4!uluUIIIIl tllac Burcay tuctOI!' DC tbe pIlBara by lllIiling the Sllluut piUml!'

£orlmllll!o:

Safety Factor (4)

where:

Squat pillar strength R~.S933 {O.59-.33 [( R)& J }'" 7.2 Vo!iOT1 ~-f- . Ro ~ 1. + 1 MPa

(w+ b)2
'" 0.02511 -- MFaw2

(5)

P;lIat load (3)

Legend: R '" Pillar width to height ratio
Roe: Critical width to height ratio (assumed to be 5)

V '" Pillar volume (m3)

e '" Measure of accelerated increase in strength (assumed to be 2,5)

If the figures in Modc13.1 are used, the safety factor of the pillars is:

Pillar strength {0.5933 ['(7.2)2.5_1J+l) MPa
2.6 . S .)

t::: 16.20MPa

Pillar load (18+ 6)2
t:l 0.025)( 162, S MPa

182

-e '1.22MPa

Safety Factor '" 16.20
7.22

::: 2.24

As can be seen from these calculadons, the squat pillar formula shows a higher safety factor,
because the width to height ratio of the pillars, being 7,2, is greater than the critical width to
height ratio, Ro' of five. This jp significant because the pillar size can be reduced and still
comply with the minimum safety fuctor required. If, in the example above, a safety factor of
2 is required, the pillar size can be reduced from 18 III square to 16,5m square. Apart front
the other advantages that ensue from this reduction, the the primary extraction is increased
by 1,3%.

Chapter 3 Strata COlltrol Theories in Coal Mining



As the width to height ratio increases, the difference in pillar size determined by the two

formula is even more pronounced, as indicated by the following two examples.

(a) If, for example, the mining height in the example above is reduced to 1,0 m, the pillar

size calculated by Salamon's formula is 9,9 m for a safety factor of 2. If the squat pillar

formula is used, the pillar size is reduced to 8,5 m which means that the primary

extraction is increased by 4,4%.

(b) If the mining height remains 2,5 m, but the depth is increased to 300 m, the pillar size

for u safety factor ot 2, using the Salamon formula. is 36,0 m, If the squat pillar formula

is used, the pillar size is reduced to 24,5 m and the primary extraction increases by 9,0%.

When the minlng tlepth is less than 40 III, the safety factor alone is not sufficient to ensure

pillar stability, and other factors such as the integrity of the roof, competent roof layers,

weathering and geological discontinuities need to be considered to ensure plllar stability.

Investigations have shown that pillars with widths or less than 4 m, where the percentage

extraction exceeds 7S per cent, are prone to pillar collapse even with safety factors in excess

of 1,6 (Madden, 1989). However, no pillar collapses have been recorded where the width to

height ratio exceeded 3,75.

Recent investigations (Madden, 1989) resulted in the following recommendations for

designing pillars at shallow depths:

(a) The pillar width should preferably exceed 5 m,

(b) The width to height ratio should be in excess of 2.

(c) The safety factor should be in excess of 1,6.

Cllapter3 Strata contro! Theories in Coal Mining
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3.2 The Paael WidtlllNcccssury to Induce Compleie E.1'nihare or tnle OverbulIJ:,.nelll

Strn~

3.Z.1 HlIlcompehlllldroot strmta (shale 01' wcak sandstone layers)

When the roof strata is relatively weak and incompetent, the high compressive stresses in the

vicinity of the abutments arc sufficient to cause shear failure of the roof strata, The stress-

induced fractures that develop as a result of these stresses arc near vertical in thls strata. As

the lower roof strata in the mined out area is in tension, gravity cause, the bighly fractured

roof strata to cave readily. Because there arc no competent roof layers, caving of the roof l,

continuous and extends to surface.

The critical mining span L, at which the maximum compressive stresses at the abutments ate
reached, can be estimated by the following simple relationship (Galvin ct al, 1982):

L e 211cot~ (7)

Legend: H ", Depth of mining below surface

f3 = Average dip angle of face-induced fractures,

and l:otP '" tan (90 .f:J)

Limited local experience has indicated that the angle of face-induced fractures, f3 I varies
from about 7SO for highly laminated weak shale bands to 60° fat competent sandstone beds

(Galvin ct. al., 1982). The relationship between the critical mining span and the depth below

surfac; is illustrated inFigure 3.3.

Chapter 3 Strata Control Tlleories if' Coal Mining

, .



48

200

Z-sIi:
til ioo
..J
(J
j.:cr 50
u

~---r-----,. ...,., -..,
50 100 150 200 250

DEPTH (m)

&&~lI'e3.3 Relnt!onsblp between Depth of Mining, Type of Roof Strnta and Crltleal

Mining Span (Galvin, 1982)

3.2.2 COreJ!}lletellt II'CO( !lb.'llin (one 011' more (hick c1IolcrUe sUDs Oil' liI1ll!loive U1ed!l 4)r
1t!1IJ[l)lla:tltlla uaadstene)

'rhe composition of th~ overburden strata is one of the critical factors affectlng the formation
of a goaf during stooping. Competent strata layers, such as thick dolerite sills or massive,
competent sandstone, can result in the temporary arrest of t;;lving at the base of these
competent layers.

Dolerite sills in particular bridge over the goaf and deflect elastically (Salamon et al, 1972).
However, when the frer, span at the base of the sill exceeds the critical span dimensions, it
leads to the structural but non-violent failure of the sill (Galvin, 1982). 'Ibis has been
observed above verlous longwall pll.ttels in South Aldea (Schumann, 1939).

Salamon et at ('.972) found that the strength and elastic modulus of massive dolerite sills, in
excess of 30 In thick, which overlie the SOllili African coal bearing strata are an order of

Chapter 3 Strata Coniroll1lclJ' jGS in Coal Mini,.g
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magnitude greater than that of the other overlying stratum. The typical range of these two

parameters for shale, sandstone, coal and dolerite is shown in Table 3.1.

Table 3.lI. 'l'yJllcul Range In Strength lind Elastle Modulus of South Arrienn Coal

Measure Rocks (Gulvin, 1981)

Strcn9th (MPo) Elastic Nodlilus (GPIl)Stratum
flanee typical Range Typical

Shole 60 • 80 70 0,5 • 13,0 3

SandstonQ 40 • 100 70 4,0 • 15,2 7

Cool 15 • 40 30 0,4' 4,1 2

Dolerite 250 • 390 300 SO,O • 98,S 70--
Salamon et al (1972) formulated a mathematical model of dolerite behaviour based on

investigations at Durban Navigation Collieries. Tllis 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 Collieries, Based on observations of a further 11 longwall panels,

Wagner and Galvin (1977) modified the elastic thin plate model by determining the

relationship between the critical stress and ihe depthtthickness ratio and substitutlng it in the

model. During 1980 ih,} lack of success in determining the minimum panel dimensions

necessary the break the dolerite sill at the Secunda Collieries raised serious doubts 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 significantly influenced

by the caving angle, f3, and the parting thickness, lp, of the strata. between a coal seam and (\

dolerite sill (Figure 3.3). Be concluded that the effective span, Serf, over which an unfailed

sill bridges is 110t equal to the panel dimension, S, but il; defined by the equation:

(6)

Chapter 3 Strata Control Theories in Coal Mining
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ll!'iglll1nl 3.4 Influence of caving angle, fJ, and parting thickness, fp, on unsupported

dolertte span, Serf (Galvin, 1981)

Taking th(,.,: findings into account, he modified the termed elastic thin plate model and

derived the well known 'Effective Span Thin Plate Model' il)r determining the minimum

panel dimension:

L to> r;;6S1 _(93512) '" 2V 11 d plana (7)

Legend: t to: tl,' ~kI1essof sill

d '" depth to base of sill

p '" parting thickness between sill and coal

ot '" angle of break (caving angle. measured from the vertical)

Thill equatiou, however, bas yet to be verified for sills thicker than 75 m and for depths to the

base of the "ill exceeding 140 m (Galvin, 1982),

If the figures in Model 3.1 are U' d, the width of the panel necessary to cause the dolerite sill

to fail will be:

'" 205 metrae

Cllapter 3 Strata Control Theories in Coal Minillg
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,
When contemplating any form of total extraction, the effect On the surface environment must

be taken into account. If a dolerite sill overlays rhe coal seams, two options rue available:

(a) Designing the panels wide enough to ensure that the dolerite sitt docs fail. This is

desirable to avoid any excessive load on the pillars being extracted. This will also result

in the maximum surface subsidence.

(b) Designing the panels narrow enough to ensure tbat tbe dolerite sill does not fail. 'ihis

will cause the sill to bend without falling and will cause less surface subsidence than

when the sill fails.

It must be noted that the extraction of several adjacent, subcritlcal panels will result in

additional load on the interpanel or barrier pillars as well as the pillars in the adjacent

panels. It is important to determine the stress situation in such a mining layout prior to

mining to prevent unsafe working conditions and loss of reserves due to high stresses, The

lnterpanel pillars must be designed with a large enough width to height ratio to ensure long-

term stability.

This system of mining sub critical PN: ~lsto reduce surface subsidence has been practised for

more than a decade on some Australian collieries with massive, competent sendstone or

conglomerate roof strata (MclCendry and Simes, 1988).

The composition and behaviour of the coal bearing strata in the South African coalfields,

including dolerite sills and massive sandstone layers, influence the surface subsidence tbat

develops above total extraction panels. The relativcl, shallow depth cf the majority of the

tota!. extractlon panels under competent strata not only present problems with the initiation

of cavill& but also results in substantial surface subsidence, provided the span is wide

enough.

When the width of a total extraction pau",l under competent strata, such a~ a competent

dolerite slll or massive sandstone, is subcrltical, the caving does not reach HI;.)surface and the

magnitude ~e subsidence is governed by the deflection of sucb competent strata

(Schumann, 1988a). As the panel width is increased to the critical minlng' span, L, the sill

will fail structurally and the caving will extend to surface.

Cli~~tf!r3 Strata Control Theoties in CoalMilling
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The caving process is thus governed by the geomcchanical properties and deformation

characteristics of the superincumbent strata as well a~ the magnitude and distribution of

stresses which depend on the mining depth and panel width.

The term 'surface subsidence' is generally associated with the lowering of the ground surface,

but surface subsidence involves more than just verli~\ displacements. It also consists of

differential displacements across the surface which result in changes in the gradient and in

horizontal elongation or contraction flf the ground surface (Schumann, 1987a). These

differential displacements consisting of the tilt, '1'; the horizontal strain, e, and the horizontal

displacement are depleted in Figure 3.5 (Schumann, 1988b).

Slro.n

lEx 10nOion)

Curvilturc

Legond: A Traugh IImll
B Pol,;l 'of maximum tOMllo GtrtHn
C Subslo~nce eemototo
o ) 'Mailian point I P
E f dnt of maximum ccrnprcnslcn
F f'oCQ poaltlon
'Y Influonco anulo or ungle ~<Idraw (limit angle)
11 Anglo of broak (cllVing tinule)
'" Tangonl angle

ID'lgu1J.'e:s.s Schematic Model of the Various Elements of Mining iuducell Ground

Movements (Schumann, 19!1llb)
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The vertical displacement docs not generally cause damage to surface structures, but it can

have some negative effects on agneultural land (e.g, drainage of surface water).

Differential movement can cause damage to surface structures. In the case of dwellings, tha

extent of this damage will depend on the foundation, the shape of the pia'!. layout. the

number, size and span of the openings for doors and windows and the interaction between

the foundation and the soil. The tilt: which is the slope of the subsidence curve, may cause

damage to structures if such structures arc situated such that part of the structure falls insidl..

the subsidence zone and part over the solid or inter-panel pillar. Eli.cessive tensile strains

can cause cracks in pipes, roads and brickwork, while compressive strains can result in the

buckling of structures such as pipes and rails, and compressive failure of brickwork or the

sub-base of roads.

The critical panel width necessary to cause failure of competent overburden strata depends

mainly on the depth of mining aGd the thickness of the competent strata, On relatively deep

collieries and in cases where. the panels are too narrow to cause the overburden strata to fail,
the vertical subsidence will be the direct result of the bending of such strata. In such cases

the amount of subsidence is relatively small in comparison to the thickness of the coal

extracted.

The effect dolerite sills have on the surface subsidence above high extraction panels can be

seen in Figure 3.6, which compares local subsidence with tI, subsidence model developed by
the National Coal Board (NCB) inGreat Britain (Schumann, 1988a; b). From this figure it
can be seen that the panel widths in South Africa have to be much greater that in Britain for

significant subsidence to occur. In addition to this, the maximum amount of surface

subsidence is only approxlmately two thirds of that observed on British Collieries. The

reason for these differences arc entirely related to differences in the respective geological

conditions (Wagner and Schumann, 1991).

When the panel width exceeds the critical width, the goa! will extend to tbe I\urface and the

surface subsidence can vary between 35% and 65% (and even higher for shallow mining

operations) of the total extraction height.

Chapter 3 Strata Control Theories in Coal Mining
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Massive, competent sandstone beds in the overlying strata have a similar effect as massive
dolerite sills on surface subsidence. Because of the lower strength of the sandstone beds,

however, the differences are less pronounced in quantitative terms (Wagner and Schumann,

1991).

The bulking of the caved material, which gradually fills the void created by mining, is another

important aspect in the caving process. Once the voids have been filled, the caved material

starts exerting some resistance to further strata movement which increases rapidly as the
material becomes increasingly compressed by the weight of the overlying strata. The greater
the depth, the mote the compression and subsequently, the surface subsidence (Wagner and

SChUU'AlUIIl, 1991). Trua process is described by Salamon (1966) in rus model of strata

reconsolidation, In this model the initial caving heigat, he' is given by:

(8)

where: Pc"" a factor describing the compressibility of the caved material,

lq == the bulking factor,

"/ "" the specific weight of the t .aterlal, and

h "" the extracted scam height.

Chapter 3 Strata Control Theories in Co",, },fining
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Another critical factor fur the moue of surface subsidence is the ratio of the extraction

height, h, to the depth of mining, H. Based on the value of the h/H ratio, Salamon and

Oravecz (1976) have defined three distinctly different modes of subsidence:

(a) Discontinuous subsidence (h/H > 0,1). Discontinuous subsidence with major surface

cracks and in some cases, pronounced surface steps near the edge of the panel, is

possible in the case of thick shallow seams,

(b) Subsidence with surface cracks (0,1 > h/H > 0,01). When the seam thickness is more

than two metres and the depth below surface tess than 300 metres, subsidence with

surface cracks is common. The maj~"i\ty of the South African coal reserves fall into this

categcry,

(c) Smooth subsidence (h/H < 0,01). Surtsce subsidence becomes less pronounced as the

ratio of h/H decreases (thin seams a', depth). Damage to surface structures resuldng

from subsidence in the deep gold mines is virtually unknown (Wagner and Schumann,

1991),

When the mining span increases such that the I~ompetent strata break and caving progresses

upwards, an initial V-shaped subsiden .,. 1.1'0l gh results (Figure 3.7). This non-uniform

subsidence is referred to as 'First Break' and has been observed above supercritical pane's,
to a depth of 160 m, where the hilt ratio was ill excess of 0,02. Subsidence above the

remainder of the panel is reduced 1,0 approximately 70 to 80 per cent of the initial peak

subsidence (see P;, ,7e 3.7). TIt.; pronounced 'First Break' does not occur above deep

workings with small extraction h~jghtl\ (Schumann, 1988a).

'the surface subsidence resulting from 'second seam' extraction is significantly more than fOl'

'iirst seam' extraction. The results obtained above 'second seam' extraction indicate that the

surface SUbsidence can vary between 64% and 96% of the total extraction height of the

second seam (Schumann, 1987b). These larger subsidence factors are mainly the result of

the re-compaetlon of the overlymg goat and the reduced bulking when broken materlal
caves, The transverse troughs which resulted from multi-seam extraction. at Sigma Colliery

are shown itt Figure 3.8.

Cllapter 3 Strata Control 711eories in Coal Mining
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3.3.3 Subtlftdemclilprediction

Until recently the use of simple semi-emplrical relationships was the only practical means of

predicting subsidence above high extraction panels. The presence of the competent beds in
the overlying strata and the relatively shallow mining depth could not be handled by
subsidence models developed overseas, Attempts to develop numerical models were also

met with limited success. Schumann and Hamenstadt (1989) overcame these problems by

adop~:lg II two-step approach to simulate surface subsidence above high extraction panels.
The principles of this approach are shown ill Figure 3.9.

o
CAVITIES 50%

~_--':"-EULl<INC; VOkDS .~
2C1

ID'igl.lllte3.9 'l\vo'!Jtcp Subsidence Slmulatlon due to Incomplete Clollul1l of thll Edge Zone

and Larger Closure in nle Central ~one (Wagner and Schumann, 1991)

Cfaapter3 Strata Control Theories ill Coal Mininc
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The first step in this approach consists of modelling the effects of the strong competent beds.
These competent beds tend to overhang the extraction area thus preventing or minimising
strata caving along the edges of the panel. The second step in the approach is the modelling
of subsidence in the central part of the panel. Tho offects of the two simulations are then
added to form a composite subsidence trough.

l'l1e purpose of st.,jsidcuce monitoring surveys L. the determination of spatial positions
(Xiy,Z) of a largo number of points situated above an,d adjacent tc the vertical projection of
an underground extractlon panel at certain time intervals (Schumann, 1989). The results of
subsequent surveys are compared to the initial survey in order to compute horizontal and
vertical displacements and derive tilts and strains,

Schumann (1987a) recommends that one longitudinal and several transverse lines of
monitoring pegs be set out abov; Ihe panel. These lines should extend beyond the projection
of the.panel area by a clislanceranging from approximately 30 m to 60 m (0,5 to 0,7 times the
depth). A peg spacing of 10m is recommended for a mining depth of mare thnn 100m and
7,5 znfor a mining depth of less thau 100m, The details of subsidence monitoring, including
standard deviations. ,.Hot limits and computation, is described by Schumann (1989).

The validity and appli~bmty of the theory can only be determined by analysine experiences
in the real production &ituation.

In the following three chapters the application of pillar and rib pillar extraction 011 the
various collieries arc discussed. In many of the problems and/or successes experlenced, the
valIc1ityof the theory is proved or verifled,

By analysing the practical experience of the various mines and combining it with the theory
and research findings, design guidelines, which are practical and enhance safety and
productivity, are complied.

Cliapter 3 Strata Control Theorie« ill Coal Mining
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4.1 nll1ill'odlIldico

A detailed study was made of the conventional pillar extraction .nethods practised in S.,uth
African collieries. Of the eight collieries practising conventional pillar extraction, seven nrc
situated in the Northern Natal cc.alfieldsand one in the Eastern Transvaal coalfield. These
comcries are:

Savmore Colliery, w'tich is situated in the Eastern transvaal Coalfield;
Vryheld Coronation Colliery,Alpha Anthracite Colliery and Hiobane Colliery, all situated in
abeVryheld Coulfield,
Durban Navination Collieries and Kilbarchan Colliery, both situated in the Kllp River
Coalfield;
Welgedacht Exploration Co. Ltd., situated in the Utrecht Coalfleld, and
Zululand Anthracite Cdliery, which is situated in the Zullliand Coalfield.

The objective of this chapter is to discuss the various I.!'\;.ractlonmethods used on the various
mines. The' nraction methods common to several collieries arc discussed 1S well as the
reasons why some collieries deviate from these common practices. The experience gained by
the mines during the years of pillar extraction is incorporated in the guidelines in Chapter 7.

In additional to the mining methods, the labour complement, production equipment and
ventilation layouts is also described briefly.

Pillar extraction using 'handgot' methods has been practised in South African eollierles for
many years. Although most of the collieries have mechanised their stooping operations, a
few collieries still employ handloadlng mining methods. The method is presently mainly
used inNatal collieries where the thin seams make cost effective mechanisation of stooping
operations at present extremely difficult. Handgot pillar extraction is practised by Vryhcid
Coronation Colliery, Hlobane Colliery, Alpha Anthracite Colliery, Durban Navigation
Colliery and Welgeducht Explorali(ln Co. Ltd.
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One or the main advantages of handgot pillar extraction, or stooping, is that it can be
practised in the seams where flool' heave impedes the use of mechanized equipment.

Although labour intensive, it is presently still 00(1 of the most economic pillar extraction

practices employed in thin scams and where floor heave is a problem.

T:IC total annual tonnage produced by underground mining methods in !'outh African coal

mines from 1987 to 1990 remained fairly constant, but the tonnage from handgot pillar

extraction increased from 455 000 tons to 596 000 tons during the same period, which is 0,8%

of the total coal mined by underground mining methods. This is mainly due to the increased

demand and export of anthracite.

III general, floor heave (see Figure 4.1) can be aurlbutcd to three reasons (Ozan, 1991):

(a) High horizontal stresses, causing the floor to fail in tension. Under high horizontal

stresses, the floor typically fails under tension with cracks starting in the floor surface

advancing vertically towards the lower layers. This is the main reason for the floor

heave experienced in the Natal collieries.

(b) High vertical stresses, causing pillar punching. This occu.s when a pillar is relatively

small and stiff, the roof strata competent and the floor strata weak. In such cases the

stresses transferred by the pillar can exceed the ultimate-bearing-capacity (,OBC) of the

floor which causes the floor failure and consequently pillar punching.

Jr!'iglJlll'0 4.1 Floor Heave01' 'Creep'

Cllapter 4 Conventtone; Piller Extract/oil
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(c) The existence of swelling rock in the floor strata. Certain clay minerals, particularly the.

montmorillonite group, expands when exposed to water. When these clays are present

in the floor strata, the presence of wr'~r causes the elays to swell and this leads to floor

heave.

In the Northern Natal collieries, floor heave occurs mainly in the Gus seam, overlain by

massive sandstones, at a depth greater than 150 metres. Iu areas deeper that 200 m, the

floor heave is so severe that the floor pushes against the roof. The occurrence of thls floor

heave in the Gus scam also affects the coal seams below, resulting in poor roof conditions in

the Upper Dundas and, to a lesser extent, in the Lower Dundas (Figure 4.1).

The primary, secondary and panel development on these collieries normally consist of five to

nine roadways and the bord widths and pillar sizes vary with depth and ioeal strata conditions

and behaviour. The primary, secondary and panel development in the rnajor!ty of the

collieries have been completed many years ago, but the pillars formed by these developments

are only being extracted now. As a result of the different pillar sizes, which vary with depth,

a number of different pillar extraction methods have to be employed.

Different stooping configurations have been tried, but the 4,50 stooping line method was

found to be the most effective and is currently most commonly used (Figure 4.2). A

complete row of pillars is extracted at a time.

At the Utrecht Section 01'Welgcdacht Exploration, where the average mining depth is 200 m,

the use of the 4,50 stooping Une in the nine-road panels resulted in very long tramming

distances. In order to reduce the ~amming distance, the stooping line: was changed to 300

(F'tgUJ'e 4.3).

Chapter 4 Conventional Pillal' Extraction
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lli'i1l1l11l'Cil4.2 'The I.jSo Stooping Line

lli'iBUl!'e 4.3 The 30° StOOlllD~ Line at Welgedncbt E1qlloration
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Another exception to the 4SO stooping line occurs at Vryheid Coronation Colliery and

Hlobane Colliery. At these two collieries the occurrence of floor heave necessitates that the

pillars are extracted in a straight line (see 4,2,4 (i».

4.2.4 Willull'eldrudioll1 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 arc extracted.

The sizes of the square pillars vary from 6 to 30 metres, and the rectangular pillars vary

from 30 m x 9 m to 30 III x 25 m,

Although the basic concepts of the various extraction methods ure the same, the detailed

layout and extraction sequence on different mines can vary considerably. A few of th~ more

common extraction methods fat square and rectangular pillars will be described, In all the

extraction methods, the snooks (pillar remnants) that eaunot be extracted are cestroyed.

When floor heave has occurred in a panel, the open end lift extracticn m=thod is used for

extracting the pillars. The main travelling road and tr,amming haulage have to be cleaned

out and re-supported where necessary. A skirting is then developed by open end lifting,

adjacent to the splits closed by floor heave, to the pillars on the outer limits of the panel

(Figure 4.4). Thls mining method differs from the conveatlonal plllar extractloa in that tho

pillars are extracted in a straight line across the panel and not in a 30° or 4SOangle.

Another difference is that all the pillars in 11 row are not enracted ahnultaneously (the

standard practice ill conventional pillar extraction) as the gradual decrease oCthe pillar size,

and the time taken to do this, encourages floor heave to re-occur, Instead, only two plllars

are extracted at a time, starting with the two outer pillars and worL:i.ngtowards the centre oC

the panel. 1110 pillars are extracted as fast as possible bllfore t100r heave can occur again

and impede the extraction.

CliapflJl'4 Conventional Pillar Extraction
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Jl.i'igmrc4.4 Sklrtlng of Pillars where Floor Heave Is a Problem

The split and quarter method i.~not used when extractin8 these pillars as the creation of the

smaller pillars encourages floor heave to form again. Eath piliar must be assessed and

extracted in the safest possible way. Starting from the skirtings, the open end lift method is

used to extract the pillars. The order in which the 4 ttl wide open end lifts arc taken is

depleted in Figure 4.5. A z-row, and on some minos a 3.row, breakerllne with headboards,

or tapes in poor roof conditions, is installed adjacen; to the goaf as the mining progresses.

The installation standards are the sante as for the other methods. A single row of timber

props is iru:talled, 1,0 m apart, along the solid side of the pillar. This is repeated for every lift

after which the previous breakerlines are extracted.

The open cud lift method is used by Vryheid Coronation Colliery and Hlobane Colliery to

extract :?i1lars in the areas where floor heave is experienced.

Cllapt~r4 conventiona!Pillat E;f/lllctiOl'
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Jl.i'igml1l'c 4.5 Open End Unlllg where Floor Heave is a Problem

No snooks must be left. Snooks not only lead to a loss in reserves, but they also can prevent
the overlymg strata from failing, If the roof strata docs not fall, a part of the additiocal lond
oC this roof strata has to be supported by the; pillars On the goaf edge, The Wgher stress
resulting fran' this, in addition to causing problems during pillar extraction, encourages
floor heave to re-occur,

If a snook cannot 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.

Cl:apt~r4 Conventlona! Pillar Extraction
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(U) V¥RAelrlil tnI001[' Illeove50nct a problem

Open end 11ft

Pillar extraction normally commences at the limits of the panel. The stooping angle may

vary from one mine to another, or even from one area to another, and can be 4SO,301l or

even an arrow head.

The first open end lift extr'lction method employed is similar to the method described in

Fi8Ure 4.5, but without skirting the pillar. This method is normally used where the roof

consists of competent roof strata. 'the method is used by Vrybeid Coronation Colliery,

Durban Navigation Collieries and Alpha Anthra; ite COil! ery.

In the second open end lift extraction method employed the pillar is split by means of a 4 Dl

to 5 m wide development through the centre of the pillar. When this development breaks

through into the goaf, a breakerline conslstlng of two or three rows of timber props is

installed, Open end lifts, starting at the top end of the pillar, are taken back-to-beck from

this development (Figure 4.6). A z-row to 3-row breakerllne is installed adjacent to the goaf

as the lift advances and a single row of timber props, 1,0 m apart, is Installed along the solid

pillar side. This is repeated for every lift and the previous breakerlines are extracted. This

method is often used in areas where roof problems are experienced or where the roof is less

competent.

This extraction method is used by Hlobane Colliery, the Utrecht Section of Welgedacht

Bxploration, and by Alpha Anthracite Colliery under poor roof conditions where the long

open end lifts ijacent to the goat proved to be risky.

Chapter 4 Conventional Pillar Extraction
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Figure 4.fi Open End LUlIng In Large Pillars· Second Method

Spilt and quarter • open end lilt

The pillar is "pJit into four smaller pillars by 4 m wide developments (Figure 4.7). These

smaller pillars .tte then extracted by means of open end lifting from these developments. A

typical split and quarter" open end lift is depicted in Figure 4.7, but the sequence in which

the lifts arc taken vary from mine to mine. The installation of breakerllnes is similar to that

described in the method above.

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

Vryheid Coronation Colliery.

C/UJpter 4 Conwmtional Pillar llxtraclior.
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lFlgUl'(j)4.7 E, ., jll.!tlol!U or Large Squnrc Pillars by means or Spilt nnd QUM~CIl' • Open EI1.d

un

SpUt (Iud tcnilrr

The split and fender method (Figure 4.8) is used by Kilbarchan Colliery and by the Utrecht

Section of Welgedachl Bxplotetion Co. Ltd, Breakerllnes ilL1 to BLA having been installrd

when the previous pillars were extracted, the pillar is split in two by a 5 D1 wide development

after which breakerliae BL5 is installed. The two ribs. approximately 9 m wide. are then

extracted in the sequence shown in Figure 4.8. When the various lifts (2, 6, etc. in

Figure 4.8) hole through into the goaf, breakerllnes are installed. When the last snook (17)

has been extracted, breakerlines BL6 and BL7 are installed.

Chapler 4 conventione; Pillor BxJraction
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The open end litt method used for extracting small square! pillars at Vryheid Core ...atkm
Colliery id depleted in Figure 4.9. Breakerllnes BLl to BIA were installed when the previous
line of pillars was extracted, The two open end lil'ts, 1 and 2 in Figure 4.9, are then extracted,
Breakerllnes are installed adjacent to the goat and the solid pillar, the method of installation
being similar to that described for the large pillars. The final pillar (3) is then extracted and
the breakerlines are removed.

Chapter -4 Convelltimull Pillar ExtractioTi
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ll!'U6iAft'04.' Extraetlon or Smull Square Pillars

The pillars lire normally split into two smaller pillars, by n 4 m to 5 m wide development
through the centre of the pillars, which arc extracted by one of the following two methods:

Spilt· oplll1cr.d ilft

After splitting the rectangular pi1:Ii' into two smaller pillars, the two smaller pillars nrc
extracted by means of open end lifts. The method used is similar to th,1t depicted for small
square plllars in Figure 4.9. This method is used at Durban Navigation Collieries and at
Vryheid Coronation Colliery.

Spilt and (render

The split and fender me.hod used at Vryheid Corouatlon Colliery when the dimenslons of
the square pillars after splitting are too large to extract by open end lift as described above, is

Chapter 4 Conventional pmar Extraction
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depicted in Figure 4.10. Breakerlines BLl to BL4 were installed when the previous line of
pillars was extracted, The pillar is split into two fenders by a 4,8 In wide development
through the centre of the pillar after which breakerllne BLS is installed. A 4 m wide split (1
in Figure 4.10) b then taken, creating a 3 m wide rib (2 in Figure 4.10) which is extracted
next. The remainder of the "illar is then extracted hi the sequence shown in Figure 4.10.
Breakerlines arc installed when the fenders break through into the goaf and the previous
breakerline is removed.
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IFD!ri!l1l'lil4.10 Extrnctlon of Rectangular Jlllllnl'1l• Sl,lIt and J?ende:r

The production equipment Cora handloading seetlon consists of coalcutters, electric drills

and tubs Cortrammlng the coal. The typical equipment Cora handloadlng section is:

1 x An 15 Coalcutter

2 x Electric drills
120 x Tubs

Chapter.;1 Conventional Pillar Extraction
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The number and composition of the operating crews differ significantly from mine to mine.

Handgot stooping is a labour intensive method as the coal is loaded by hand into tubs which

have to be pusher, manually to the endless rope haulages. In addition to this, the large

number of timber props that have to be installed also requlre more labour than in the

mechanised sectlons, The following is a typical operating crew for a handloading section:

'trammelS

1

1

2

1
10
12
6

1

2

1

1

~
40

Miner

Team Leader

Electric drill operators

Coal cutter operator

Timber

Loaders (6 span)

Winch operator

Track attendants

Ventilation

Stonedust

Miner's assistants
TOTAL PER SHlFI'

Pillar extraction with handgot methods has been practised in South Africa since early in the

century, but the first trial with mechanized pillar extraction only took place in the late Sixties.

Mechanised conventional pillar extraction has since been practised successfully on many

collieries, but UllStable or friable roof conditions made it hazardous on some collieries.

The production output Crom mechanised conventional pillar extraction has increased from

2,23 million tons in 1987 to 3,25 million tons in 1990, which is only 1,8% of the zotal coal

mined by underground mining methods. The increase of one milllcn tons per annum is due

to Increased anthraclte production from the Northern Natal collieries.
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The following seven collieries all practice pillar extraction using conventional mechanised
equlpmcnt: Savmore Colliery, Vryl-eld Coronation Colliery, Hlobane Colliery, the Durban
Navigation Collieries, Kilbarcban Colliery, Welgedacht Eltpioratiotl Co. Ltd. and Zululand
Anthracite Colliery.

The number of roads ill the primary development on the different collieries vary between six
and uine roads. The bord widths and pillar sizes vary with depth and local strata conditions
and behaviour. The development is usually also done by conventional mining methods.

The secondary development also consists of six to nine roadways, The bord widths and pillar
sizes also vary with depth and local strata conditions and behaviour. On some collieries,
however, the pillar extraction panels arc developed directly from the main development.

l'he number of roads in the pillar extraction panels vary from six to twelve, depending on
factors such as the depth below surface, strata conditions, pillar size and the extraction
method. Tile factors affecting the panel layout arc discussed inChapter 7.

The majority of the collieries practising pillar extraction witlt eonventlonal mechanised
equipment use the 4SOstooping line, At Vryheid Coronation CoUiery and Welgedacht
Exploration, tlte use of the 4SOstooping line was not successful, and the stooping line was
changed to 30°. In the western area of '.:heVrede Section at Vryheid Coronation Colliery,
the weak roof strata resulted in unstable working conditions with the 4SOstooping line.
These problems were Significantlyreduced by extracting every second pillar. This gave rise
to the 30° stooping tine at Vryheid Coronation Colliery (Figure 4.11). At the Utrecht
Section of WeJgedacht Exploration floor heave was experienced witlt the 411 stooping line
and tlte angle was also changed to 30° by extracting two adjacent pillars, similar to the
handgot method depleted in Figure 4.2. In addition to this change, practical experience at
Welgedacht Exploration proved that floor heave decreased when the row of pillars behind
the pillars being extracted are pre-split. Although this works in practice at Welgedacht
Exploration, it is contrary to the experience on some other mines.

Chapter 4 Conventional Pillar Extraction
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WI!:lllI!!'e4.U Tbe 3(1) Stooping Line at Veyhcld Coronation

At Hlobane Colliery GIldAlpha Anthracite Colliery (ID arrov lead conflguratku: is used
(Figure 4.12). This stooping configuration, however, is not recommended due to the high
stresses on the lagging pillars. In all the methods mentioned above, a complete row of pillars
is extracted at a time.

Savmore Colliery constitutes one of the exceptions in eonvcntional pillar extraction as a
complete row of pillars is extracted in a straight line across the panel (Figure 4.13). This is
possibly as a result of the very competent sandstone roof coupled with the extraction method
of pillar splitting with fender destruction.

Chapter 4 Conventional Pillar Extraction
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INTAKE AIRWAYS

J:.i'nglllll'Cil 4.12 'The ArrOWbClld Sequence used at Hlobane Colliery

INTAKE AIRWAYS

J:.i'n~1!'(j) 4.13 Straiight Line Extraction nt SnvlDoI'CCOItICI'Y

CI.lIptct 4 Con 'VCI'I tional Pillar Extraction
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4.3.3 !Filial!' cedrrndiol!U Cllllfhoda

Apart from the double stall scraper method used at Hlobane Colliery and the pillar splitting

with fender destruction method used at Savmorc Colliery, the basic concepts of the various

extraction methods are very similar. Despite this similarity, the detailed layout and

extraction sequence on different mines can vary considerably, 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 square pillars.

In addition to the two exceptions mentioned above, a few of the more common methods

used Corextracting pillars of different sizes will be discussed briefly.

Two basic methods are used for extracting pillars approximately 25 m square. The first

method; used at Kilbarchan Colliery, Vryheid Coronation Colliery and Welgedacht.
Exploration, involves splitting the pillars into two fenders by a 5 m wide development

through the centre of the pillar. In the second method, presently used at Durban Navigation

Colliery, the pillar is split into three 5 m wide fenders by two 5 m wide developments.

Method One

A modified 'split and fender' system is used to extract the pillars (Figure 4.14). Breakerllnes

fiLl to BL4 having been installed when the previous row of pillars was extracted, the pillar is

then split into two 10 Dl wide ribs by a 5 ill wide development through the centre of the

pillar. Breakerline BLS is installed when this development breaks through into the goaf

The two 10 m wide ribs are then estracted in the sequence shown in Figure 4.14. When the

various lifts break through into the goaf, breakerllnes are installed and the previous

breakerliaes are extracted. When the last snook (17) has been extracted, breakerllnes B1.6

and BL7 are installed and the breakerllncs remalning in the pillar are extracted.

Claapter 4 COiBventiollalPillar Extraction
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Breakerlines BLi to BtA having been installed when the I'tevious line of pillars Was

extracted (Figure 4,15), the first 5 m development (1) is commenced leaving a 5 m wide fib

between this development and the goaf When this development has progressed
approximately half-way into the pillar, the second development is started (2). When the first
development breaks through into the goaf breaker line BL5 is installed. The first
development through the rib (3) is then taken, breaker line BL6 is installed and the
remaining snook (3A) is blasted and loaded. The second development (4) is then taken and

Chapter 4 Conventional Pillar Ertraction
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breakerllne BL7 is installed, The remaining snooks, 4A and 4B, are then blasted and loaded.

The same procedure is then repeated for the rest of the pillar.

Jl.i'iUlJIIl'e 4.ll5 Eldractioll Method for 25 III Pillars lit Durban Navigntion Collieries

Pillar extraction commences when the development of the panel reaches the panel limits.

The pillar is split by means of a 5 m or 6 m wide development through the centre of' the

pillar. The two remaining ribs are then qua-tered and the remaining snooks are removed

(Figure 4.16). Breakerlines BL1 and BL'2 ~ .IVing been installed when the previous pillar Wl.\S

removed, the development (1) is then driven through the centre of the pillar and breakerllne

BL3 is installed. The right hand pillar is then split by a 6 in wide development (2) after which

Chapter <# Conventiona! Pillar F..xtraction



79

breakerline BIA is installed. Pillar :; is then extracted, breakerllne llLS is installed and

breakerlines BL3 and BIA are extracted. After t!)e remaining pillar (4) has been extracted,

breakerline BL6 is installed and breakerllnes BL2 and BLS arc 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 are used Il' Hlobane Colliery and Vryheid Coronation

Colliery.

lft'lgsJrGl4.Jl.6 !Extraction .Method for 14 In ta 20 ru Squl1re Pillars ilt Hlobane Colliery

At the Leeunek Section of Vryheid Coronation Colliery, problems are experienced with fif"'lr

heave if the extraction method described above ls practised. '£his is mainly due to the fact

that the pillar is split into two fenders and the flrst iender is extracted completely before

extraction of the second fender commences. When thls method was practised, the stress

increase on the second 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,

Chaptet 4 Conventional PUlarExtraction
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the extraction sequence was altered LO reduce the stress build-up in the second fender

(Figure 4.17).

The 15 1U square pillar is split into two 5 m wide fenders by a 5 m wide development through

the centre of the pillar. Instead of splitting and quartering these two fenders as with the

previous method, tbey arc extracted as lifts in the sequence shown in Figure 4.17. The

installation of the breakerllnes is similar to the extraction method discussed above. When a

new breakerline is installed, the previous breakerllne is removed.
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OU) Enll'UdlolU mdho(la ODell sUPR!Olrt (orr tbe ,~ m Ilqllllire piRI::Ul'tI at SnvllillIorre

Collh:cy

E1ctruction method In the Alfred Scam

The extraction method is depicted in Figure 4.18. The breakerlines consist of two rows of

1,8 m mechanical anchor roolbolts with headboards, installed a maximum of 1,0 m apart in

both directions, and not ;u(Jrc that 1,0 m from each rlbslde, Single timber props are installed

between the two rows of roolbclts to act as 'policemen' (see Figure 4.18). A 5,5 m wide split

is developed through the centre of the pillar, leavillg two 2 m wide snooks on either side of

tile 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 next row. Whe" the split holes throug;l into the gonI, the

two 7..,0In wide snooks are destroyed before extractloa of the next :ow of pillars commences.
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1F60;Wllr<a4.1I1 Pill,,!.' Extruetion Method i't Savmorc Colliery· Alfr.1d Seam
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Extructlon method In the i)unda!'l Seam

When pillar extraction commenced in the Dundas Scam, it was decided to optimls; the

percentage of coal extracted from the pillars, As the fenders created in the extraction

method described above were too narrow to extract safely, tbe extraction method was altered

to that depleted in Figure 4.19. Tho breakerllnes also consist of two rows of footballs

installed to the dimensions described above. The 5,5 m wide split is developed from corner

to corner, and when the split has been completed, two additional cuts are taken from the two

resulting snooks (Figure 4.19), after which the remaining snooks arc destroyed. The

roolbolts in the split are also installed to the dimensions described above. The use of this

extraction method increased the percentage extraction by approximately 10%.

I)
'POLICEMAN'

t,·~
1,Om MECH.
ANCHOR ROOFBOlTS

t
b- ~~r I

..J.

l
ro'iginli'e 41.19 Pillar ExtractloIl Method at Snvm()~ Collleey. Dundas Smm

Five double stall scraper sections are employed in the Gus Seam at Hlobane Colliery in. seam
heights that vary froin 0,5 m to 1,1 m, This minllg system was developed to eX!ract reserves

ClIapter 4 Conventional Pillar Exlrattl'on
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in the Gus Seam where the seam height was too low to employ other mechanized methods

without a fair amount ot dilution.

Main plUlel development

The main panel development consists of three roads, the centre road being the main

u'avelling/belt roadway. This roadway is mined 6 m wide and the roof is brushed to 1,8 Ill.

The two companion roads are mined 5m wide at seam height. The pillars in this

development are mined at 20 III centres. The splits between the main and companion

roadways are 6 m wide and are brushed to 1,4 m to accommodate the winches and ramps.

The winch is placed in a split as close as possible to the conveyor tail-end, and tracks are laid

as close as practicable to the brushed face (Figure 4.20). The brushing of the main

travclling/belt road lags behind the main development to allow fol' large stone to be hand-

packed underground.

Secondnry p!."el development

Double stalls, 10 m wide, are developed on either side of the main panel development at

right al!gles to the main development (Fignre 4.20).

ROO~ BRUSHING 'to A H~IGHT
OF:: 1,6m.
STONE "ANO LOAOEll ONTO
IlEL7 T"'L EIW.

1i!'iBVlIrQ 4.2® Secondary Pllnel D(1lelopment • Double Stull Scraper Method at Illobane

Colliery
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These stalls are developed at 7.0 III centres and the splits ate developed 4 m wide and at 14 III

centres, This results in 10 m square pillars. Ten metre wide barrier pillars arc left between
the double stall panels.

Mb\hlg method

The main difference between this and the normal conventional mining method is the
cleaning equipment used. A double-drum winch is used to pull 11 scraper fat clenning the
working faces. The bends are negotiated by means of 'round-the-corner' pulleys, and ramps
are built over the conveyor belt for the coal to be scraped onto the belt. A schematic layout
of the system is given in Figure 4.?1•

.~-

J!.i'nt;'1l1!'e4.21 Schematic 'Luy()ut • Double Stall Scraper Mel, ,II ut Hlollane Colliery
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E~tract.l()nmethod

Pillar extraction commences when the development or the first double stall reaches the panel
limits. The 10 m square pillars arc split by 6 00 wide roadways. thus leaving 2 m wide crush

pillars on either bide. As the pillar extraction retreats, the barrier pillar between the stalls is
stooped by developing splits 10 m wide, leaving 2 III wide crush pillars on either side
(Figure 4.22).

The stalls arc thus ~.toopedon an advancing method, leaving the two 10 lit pillars adjacent to
the main panel development and the pillars in the main development intact, When the stalls
have been stooped to the litnits of the panel, these centre pillars arc stooped on the retreat

employing the same mining method.

MAIN
oeVeLOPMENT

Il!!WJl&'e 4.z.z Double Stall ScmJl~t' IMtt'actloll Method I'tWobane Colliery

Chapter'" Co/wentioned Pillar l~raction
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4.3.4 PlI.'ollllu:4ioccqUlllpmeilt for mccluuliscd pllloll' emrnciiOIll

Although the type of equipment varies from mine to mine, the numbers remain fairly
constant. The main difference is in the transport equipment. where shuttle cars, scoops or
load haul dumpers can be used. The typical production equipment for a section is:

3 Scoops- (type Sand S 488). m:
Shuttle cars, 2!
Load haul dumpers

1 Coalcutter

1 Roofbolter

1 Gathering arm loader (if shuttle cars are used)
2 Electric drills
1 Feederbreakcr or beltfeedor

The number and composition of the operating crews differ significantly from mine to mine.
The number of men in the crews vary between 22 and 35, but following is a typical operating
crew Cora conventional pillar extractlon section:

Miner
Team Lender

Loader Operators
Coal cutter operators
Roofbolt operators
Electric drill operators
Shuttle car operators
Miner's assistants
Barring attendant
Duff loaders
TallyltiI> ij ,tendant
Ventilation attendant
Timber
TOTAL PER SHIFf

t

1
2

2

4

4

3

2

1
2
1

1

1
?J.
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4.4 Percentage E!l:tractlon

The estimated percentage in-panel extractlon on the various collieries differs vastly. It varies

from 58% at Savmore, where the pillars are split and the ribs destroyed, to 95% at some of

the collieries practising handgot pillar extraction

The systematic support on the various collieries differs vastly as it depends mainly on the

composition, competence and behaviour of the overlying .•ot ~(rl'.ta. On a number of mines

the sandstone roof is so competent that no systematic "IVlIort is instal' 1 whilst a dense

roofbolt pattern is necessary on others with incompetent shale and mudstone roofs.

The use of breakerlines and fingerllnes differs from one extraction method to the next. The

pattern and types are influenced by the extraction method, behaviour of the overburden

strata and approved systematic support rules. During open end lifting in bandgot pillar

extraction, the two or three roW breakerllnes forms a barrier between he worlr.ing area and

the goaf (Figure') 4.6, 4.7 and 4.8). When mechanised conventional equipment is used, the

breakerllnes 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 collier'es,

breakerllnes placed in line with the pillar edges (sec Figure 4.14) have proved to be effective.

At Savmorc Colliery, however, the breakerlines have to be placed 2m inside the roadway

(see Figure 4.18) to prevent goaf overruns, The two types of breakerllnes used in

conventional pillar extraction are timber breakerlines and roofbolt breakerllnes.

The vast majority of breakerllnes cousist of timber props. Little use has been made to date

of hydraulic props malnly due to the mass of the long pI'OpS in high seams and the possibility

of losing these in the goaf which would prove very costly.

Limited research was done on timber breaker lines by COMRO (BuddlllY, 1985). The aim of

the research was to determine the maximum load carryi11g capacity of the timbers ill

Chapt!!r 4 conventione: Pillar E:arnctjlm
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breakerllnes, Timber props of varying thickness, with and without wedges inserted, were

tested in the laboratory. Underground tests were done in pillar extraction sections on two

collieries where load cells were installed under a number of timbers in breaker lines and

fingerlines.

A satisfactory correlation was found between the actual failure loads of the laboratory and

site tests and the failure loads as predicted by the Ranklne/Gordcn strut formula.

The Rankine/Gordon formula is as follows:

Dc.A

l+uUt (9)

Legend: P := crippling load inMPa

Oc es material constsnt (taken as 35 for timber)

A '" cross-sectlonal area of prop (in metres)

a '" constant (taken as 1/3000)

( "" length of prop (in metres)

k '" the square root of the least radius of gyration (D/4)

The following is a summary of the laboratory and site tests and the application of the

formula:

(i) The diameters of individual props were found to vary between 102 mm and 202 mm

and the mining height varied between 2,7 m and 3,0 m, If these figures are inserted

in the Ran1tine/Gordon formula, the average load a breakerllne of 8 to 10 props

can withstand, varies between 89 tons and 308 tons (Buddery, 1985). This

correlated well with the loads measured on site and in the laboratory.

(ll) Itwas found that inpractice the load on individual props in the breakerllnes seldom

exceeded 11;lollS before a new breaker line was installed and this breakerllne was
removed. IIIl the majority of cases the average load was as tow as 5 tons when the

brcakerline was removed. Where individual prop.; were left aa 'po!k.emen' when

the breaker lines were removed, loads oC up to 29,8 tons were recorded before the

prop failed.

Chapler 4 ConwMI;t/mal Pillar E.uraction
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(iii) The use of wooden wedges resulted in much larger deflection before the maximum

load was transmitted to the prop and failure occurred. During laboratory tests, the

average deflection before failure for 2,8 III long props WaS found to be in excess of

50 mm for props with headboards as compared to an average of approximately

24 mm for props ·,yithout headboards,

(iv) Once the first signs of failure have been recorded, the load bearing capacity rapidly

drops to zero.

Roofbolt hreakerllnes

Roofbolt breakerllnes are being used successfully at Savmore Colliery (conventional pillar

extraction) and Middelbult Colliery (pillar extraction with continuous miners), both with a

competent roof strata and at Kilbarchal1 Colliery (conventlonal pillar extraction), wlich has a

laminated, incompetent toof strata. A ni. aber of the ether collieries using mechanised

equipment for pillar extraction is also planning to experiment with roolbolt breakerllnes,

Although roofbolt breakerllnes differ from timber breakerllnes as they function according to

the suspcnsion or beam formation theory, they have to date been successful in preventing the

goaf from extending into the working area in the collieries where they are used.

The main advantages of roofbolt breakerllnes are (McCosh et al, 1989):

(i) The quality of installation and its effectiveness are independent of the extraction

height.

(ii) The brcakerllne can be sited to suit strata control requirements,

(Ui) The foolbalts provide additional stiffness to the roof.

(iv) The breakerlines can be installed before piUar extraction commences. If it is
installed as plJ't ot the systematic support system during the development phase, it
resulte in installation time and cost savings.

The number of roadways utilised as return airways differ from mine to mine and depend on

the total number of roads in the panel and the extraction height. The ventilation layout of a

typical nine-road section is depleted in Figure 4.23.

Chapter 4 Conventional Pillar Extraction
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Fieurre 4.23 Typical ventllatlon layout. 45° stooping line

Ou some collieries, where a panel consists of six roads; only one return airway is ereated on

one side of the panel, but where a panel consists of a large numbee of roads; as many as
three roads on either side of the panel are used as return airways. The air enters the section

via thl: intake airways and is coursed along the pillars being extracted to the return airways
with the aid of ventilation brattlees,

Although various methods are used under d:fferent geological conditions and at various

depths; the methods used under comparable conditions arc fairly similar.

This similarity, with also verifies the validity of the strata control and mining theories, makes
it possible to compile general guidelines that can be applied in practice.

In the next chapter, the experience gained in extraction pillars with continuous miners are

discussed and analysed.

Chapter 4 Ccmve;ational Pillar Extraction
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]PUILLAR 1EX'J'!ltACfION wrrn CONTINUOUS lVUNIERf,

S.l introliuuctiol\1l

The first experiments with pillar extraction using mcchanlsed conventional equipment

proved successful on some collieries and unsuccessful on others, The problems experienced

with conventional plllar extraction on Sigma Colliery and Coalbrook Colliery were Illainly

due to weak roof strata and the presence of thick, competent dolerite sills in the overlaying

strata. The first experiment of pillar extraction with continuous miners W ~s conducted at

Usutu Colliery in the late Seventies. Since then various mines have been using continuous

miners in pillar and rib pillar extraction. The various pillar extraction methods and pillar

extraction sequences on all the collieries using continuous miners have been studied. These

collieries, situated in all the major coalfields in South Au tea being ruined at present, arc:

Mlddelbult Colliery, Twistdraai Colliery, Bosjesspruit Colliery, Brandspruit Colliery and

New Denmark Colliery, all situated in the Hlghveld Coallleld;

Usutu Colliery, Savmore Colliery and Brmelo Mines, a~1situated in the Eastern Transvaal

Coalfield;

Longridge Colliery, situated in the lGip River Coalfield]

Greenside Colliery, situated in the Springs-Witbank Coalfield:

Hlobane Colliery, situated in the Vryheid Coalfield:

Zululand Anthracite Colliery, situated in the Zululand Coalfield, and

Sigma Colliery, which is situated in the Vereeniging-Sasolburg Coalfield.

The objective of this chapter is to discuss the various extraction methods and cxtractlon

sequences used on the various mines. The extraction methous common to several collieries

are discussed as well as the reasons whv some collieries deviate from these common

practices or use different methods. The experience gained' by the mines during the years of

pillar extraction is incorporated in the guidelines in Chapter 7.

In addnional to the mining methods, the labour complement, production equipment and

ventilation layouts arc also described briefly.

Ii



92

The annual tonnage produced by pillar extraction with continuous miner .. increased rapidly
in the early Eighties, but flattened off in the latter half of the decade, In 1989 appronmatcly
12,3million tons, which represents 11% of the total coat mined by underground methods,
were produced with this m:'1i1'l.. n.c·'lod.

The number of roads in the primary development on the collieries practising pillar extraction
with continuous mwers differ vastly. It varies from double entries, one for intake and one
for return ventilatk n, conslstlng of six:to eight roadways, to single entries consisting of six to
thirteen rordways (Beukes, 1989b). The bord widths and pillar sizes vary with depth and
local strata conditions and behaviour. The development is done by continuous miner or
conventional mining methods.

Tho secondary development consists of five to thirteen roadways and is done by contlnuous
miner or conventional mining methods, The bord widths and pillar slzes also vary with depth
and local strata conditions and behaviour. Wherever practical, the development is positioned
such that pillar extractlon panels can be developed on both sides of the development.

The number l)f roads in the pillar extraction panels vary from five to thirteen, depending on
factors such as the depth below surface, strata condltions, pillar size and the extraction
method. The factors affecting the panel layout are Ilscusaed in Chapter 7.

The angle at which stooping witll continuous miners is practised will depend largely on the
behaviour of the lowl strata and may dirfer from mine to mine. Although the majol'ity of the
collieries ertract pillars in a straight line, some collieries find it necessary to do so at an angle
of4SO.

The reason wby pillars can also be extra-ted in a straigbt linl! when using contlnuous miners
is that only one pillar is extracted at a time. The pillar being extracted is thus partially
protected by the adjacent pillars (Figure 5.1). As can be seen from Figure 5.1, the pillar
being extracted is partially protected by pillars 1 and 2. As the extraction is concentrated on
o111yone pillar at a time, each pillar is estractc," in a relatively short time thus preventing it
Irom being exposed to increased stress Corlong periods.

Chapter S Pillar &traction witla Continuou« Miners
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!Figure 5.1 Extracting Pillars on a Stl'lligilt Line Using Continuous Miners

The first stooping panel at Sigma Colliery was started at a 4SOangle, but the pressures on the
lagging pillars became so high that premature fender and bord failure occurred and this
method bad to be abandoned. 'fhe pillars were then stooped in a straight line wl1ichproved
to be successful, Tht~ is also the method followed by nine of the twelve ".!ollierics.

At Grecnside Colliery, Usutu Colliery and Ermelo Mines straight line stooping resulted in
high stresses 011 the pillars adjacent to the goaf. This resulted in severe scaling in the
roadways and difUcutties were experienced when removing the last pillars in the line. Itwas
thus decided to change to a 45° extraction lin" to overcome these problems. This is similar
to the stooping line used in conve~tional stooping, the only difference being that when
extracting pillars with contlnuous miners, only one pillar is extracted at a time. Grccnslde
Colllery and Usutu Colliery are still using this sequence.

At Bunela, Mines, however, the 4SOline across the 11 to 13 road panels resulted in such long
tramming distances !,hat the stooping angle was changed to a short 45° line consisting olt two
to four rows of put (Figure 5.2) and in adverse geological conditions to a 300 stooping line
(Figure 5.3). These proved to be successful and ate still being used.

Chapter 5 Pillar Extraction witll Continuous Millers
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Flf:,rare 5.2 45° S~ooplng Line at ErmeJo Mines

["J [] [~JG [~8
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ll!'B(Jli11re [;.3 30° Stooping Lllle lit Ermelo Minc!}

The main difference between Emelo Mines, Usutu Colliery and Grceasidc COllii11'Y and the
other collieries doing pillar extraction with continuous miners, is the number of roads per
panel. Tne number of roads on these three collieries varied between 11 and 13 in.

comparison with the 5 to 7 roads on the other collieries. The larger the number of roads, the
slower the retreat during plllar extraction. The slower retreat can result in the pillars

Chapter S Pillar Extraction willi Ccmlnuous Miners
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adjacent to the goaf being exposed to the higher stress for prolonged periods, causing pillar
and bord deterioration.

In audition to this, the composltloa and behaviour of the local strata plays a major role in the
extraction sequence. Practical experience on collieries such as Brmelo Mines and Zululand
Anthracite bas proved that an extraction sequence that is effective ,.1 one part of a mine can
prove hazardous in another part of the same mine.

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

A number of pillar extraction methods are practised on the various collides. The extraction
methods followed rue mainly dictated by the pillar size and the composition and behaviour of
the local roof strata,

(a) The extraction method practised at Ermelo Mines and Greenside Colliery is depicted in
Figure 5.4.

Breakerlines BLl and BL2 were installed When the previous pillar Was extracted, lind

flngerlines FLl and FL2 arc installed before extraction commences, Breakerline BL3

and flngerline :1"13arc installed when cut 1 has been completed, and fingerllne FlA is
installed on completion of ..t 2. On completion ~f cut 3, the continuous miner is
trammed to the next pillar, and breakerline RIA is installed. All the breakerllaes and
the Iingerlines, except BI..3 and BIA, are then removed.

(b) At Sigma Colliery, where the roof consists of friable shales and mudstones, the centre
cut is taken first. A fingerline is then installed in the centre of the pillar and the two cuts
on either side of this Iingerline are then taken,

CIlapter S Pillar Extraction willi Continuous ,Miners
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Fil.Gtirte5.4 E1dl'llctio, ;: tetbod (or Pillars smaller than 10 IJ) at Ermelo Mlues Ilnd

Greensldc Colliery

At Usutu Colliel), and Ermeto Mines, where the roof consists of a competent sandstone, the

pillars arc also split at a 4SOangle, Ermelo Mines made Iurther refinements to the cutting

sequence which are described in detail by Beukes (1989b).

The extraction rotethod, as well as the support installed I)uring extraction, is shown in

FigureS.S.

Timber breakerllnes BL1lUld BL2 IUId flngerlines FL1 and FL2 are already in position as

they were installed before the prevlous pillar was extracted. The first cut is then made and

whilst fingerllne FL3 is being installed, the second cut is made on the opposite side of the

Chapter S Pillar Extraction with Continuou» Miners
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pillar.Cut 3 is then made whilst Iingerline PIA is installed. Cut 4 is then made whilst

flngerllne FLS and breaker iC BL3 are installed and finger line FL3 is extended. The

continuous miner then h ,I) Wllil whilst Ilngerline FL6 is installed and finger line FIA ill

extended before making cut 5. When this cut has been completed, the continuous miner

moves to the next pillar to be extracted and breakerline DL4 is installed. All brcakerlines

and fingerlines, except BL3 and BIA, arc then extracted,

~
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Wifll're S.5 li14trndlon Method for D 13 m Pillur at Usutu Colliery lind Ermelo Mines

The pillar si'u: at the majority of the mines practising pillll.l' extraction with continuous

miners is 18m square, Altbough there ate certain minor differences in the support and

direction of the cuts, the extraction methods arc very similar. This extraction method is

practised at S:gnl&. Colliery, Middelbult Colliery, Twistdraal Colliery and Zululand

Anthracite Colliery. A typical extraction method is depicted in Figure 5.6.

ClzaptJr5 Pillar Extraction with Continuous Miners
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'81r.akcrlincs 1 and 1.were installed when the previous row of pillars was extracted. The

~<!:IWIs split into two fenders by a 6 illwide development through the centre of the pillar and

t'l'lla.kcrline 3 is installed. On the completion of cat 3, brl.~«crline 4 is installed and the

remainder of the fender is extracted. When cut 6 has been completed, breakerllne 5 is

installed and breakerlines 2, 3 and 4 are removed before starting the similar extraction of the

next fender.

BR£!AKE~
~INE 2

e 0 0 0 0
o o 0 0 I)

o 0 !-3m...!
ffi~ 0 0 Dol. n
~I# 1,5 m
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o o Il 0
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LINE 3 0 e
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BREAKER
LINE!'

18 m

iigWIl'0 S.1i Extraction lV,:thod for'li 18 m Pillar at Sigma, Mldd(!ibult and Twi!>tdl'aai

Collleries

The pillar size ot the pillars being extracted at Springfield Colliery is 24, 'im sqr, ~~, At

Longridge Colliery, mining under a mountain, the pillars near the outcrop are 19 m square.

As mining proceeds into the mountain, the 11illar size increases to 25 1I1square, then to

33,S m, and eventually to 4Q m.

Chapter 5 Pillet Extraction witli Continuous Minets
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(a) The original extraction method at both collieries consisted of splitting the pillar into

three 5 m wide fenders by two 5111 wide developments through the pillar (Figure 5.7),

As the mining height varies between 2,8 m and 3,5 m, the width/height ratio of these

tenders was less than 2 and premature failure occurred.

At Springfic!d Colliery, various changes were made to the breakerline support and

extraction sequence in au attempt to overcome these problems, but it was unsuccessful

(Beukes, 1989b).
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lli'Bgugtre5.7 Inltlall ractlon Metltod (or a 25 In Pillar at Sprlngfleld CIlIUery

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

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

Chapter 5 Pillar F.xtractioft with Continuous Miners
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(b) The extraction method and support at Springfield Colliery is depicted in Figure 5.8. The

9,5 m wide ribs are not extracted completely, but a rib of 2·2,5 m wide is left to crush.

This change proved to be successful.
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lFng~lI"e 5.1.1 IFlnul Extraction Method at Springfield ColllCl-,r

(c) At Longrldge Colliery the pillars were also split into two fenders, but the cutting

sequence differed. The extraction method is depicted in Figure 5.9.

Initially the complete fender was extracted. but the large unsupported area at the

intersection when extracting the Iinal 0:11in the fender resulted in the continuous miner

being buried by roof falls on three occasions, It was decided to leave a 3 m wide rib of

coal, shown in Figure 5,9, between the two final cuts and no similar incident has

occurred since.

Chapter S l'ilIar Extraction with C('lttimlOu$.Miners
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Jit'ignrc 5.9 Final Extraction Method at Longrldge Colliery

The large pillars arc split and quartered thus dividing them into four smaller pillars. These

smaller pillars arc then extracted USiCig one of the methods for extracting small pillars

dezcrlbed above,

5.S Rooming JElItrndiolil Method \7ith u li!'ah:cblld Wilcox Continr. t

The Fairchild Wilcox Mark 21 continuous miner, unlike the crawler-propelled continuous

miners, manoeuvres and advances by means of hydraulically powered jacks and rope winches

(Figure 5.10). By eliminating crawlers, Fairchild has probably arrived at the lowest and

smallest conflguratlon in any continuous miner, being capable of mining to a minimum

height of 0,7 m, It bJS dual forward-pointing augers and advances in slices of 1,2 m by

fanning back and forth in a windshield wiper fashion, By fitting different size augers, the

Wilcox miner is capable of cutting seam heights ranging from 0,7 m to 1,14 m,

Cllapter 5 Pillar Extraction willI Continuous Miners
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FI~i311'0S.10 CuttIng Method of the Fairchild Wilcox Miner at Hlebane Colliery

MaIn dcwlopllillilt

The main development consists of 7 roads on average and the pillars are mined at 15 m
centres and 30 m centres, depending on the depth below surface, The travelling road fis

developed at a height of 1,8 m and the belt road at 1,5 m, irrespective or the seam height.

Secol\clary dllvelopment

The secondary development consists of three roads. The borels are mined 8 111 wide and the

pillars are mined at 18 Dl centres, thus creating 10 ttl square pillars.

ChapterS Pillar Extraction witil Continuous Miners
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A number of. regulatory restrictions, as well as the capabilities of the low drive conveyor belt,

defined the section boundaries as 1 000 m long and 456 m wide, The main access entry

development Is loca'ed such that secondary extraction panels can be mined at an optimum

length of 228 m on both sides of this development,

Two road panel dlwelopment and extraction

When the secondary development reaches the boundaries of the panel, a two road panel

development is driven at right angles to the 3-road development to its limit of 230 ttl, leaving

a 26 m to 28 m wide barrier pillar between the development and the previous goaf or the

boundary of the panel (Fig· -e 5,11). The bord width of this development is 9 m, and the 9 m

wide connecting roads arc developed such that 11 m by 3 m pillars are created,

t?AfJ1ilI2'1ilS.H Panel Development tor Retreat Rooming Extradlng Method at Hlobane

C91!1ery
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Retreat rooming extractlon method

As soon as the secondary development reaches the limit of the panel, retreat rooming

commences. This consists of 10 m wide developments driven into the harrier pillar leaving

::? m wide protection pillars (Figure 5.12). During the retreat rooming operation, additional

brcakerllncs arc installed. When area 1 has been completed, breakcrllnes A and Bare

installed, and oil completion of area 2, C and D are installed. The timbers in these

breakerllnes are 1 m apart in both directions (Fig\lre 5.12).

When this process has been completed on the one si-le of the three-road development, the

process is repeated 01) the opposite side, and the panel h mined out on a retreat basis,

ID'inWll1'fil S.U Jiletrent Rooming Eldl'llctlon Method at Hlebane CoUlclq

The support for pillar extraction with continuous miners is similar to that described {(It

conventional pillar extraction in Chapter 4, Section 4.4.

Chapter 5 Pillar Extraction wit" Continuous Jl{iners
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5.7 JiDCiI'CGlI!llUlr::e lEdraction

The in-panel extraction, as estimated by the various collieries, varies between 70 per cent and
90 per cent.

S.U Mmupowef

The manning of the sections On various mines differ and also depends on the type and
number of equipment used. The following, however, ill typical of the manpower in a
stooping section using one continuous miner and two shuttle eat'S. Additional manpower will
be required when additional equipment, like Load Haul Dumpers, is used itl the section.

Operating crew: Miner 1

1

1

1
1

3

2

1

3

_!

15

Team Leader
Continuous miner operator 110.1

Continuous miner operator no.2
Cable handlers
Shuttle car operators
Rootbolt operators
Barring attendant
Support and ventilation
Feederbreaker operator
TOTAL PER SHIFf

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

The equipment in n typical stooping section willbe:

1 , lItinuous miner
3 Shuttle cars (one is normally on stand-by), Tractor-Trailer units or Load Haul-Dumpers
1·2 Roofbolters (depend'ng on the den ity of support).
1 Feederbreaker .2! tipping tailend

Ctulpter 5 Pillar Extraction with Continuous Miners
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S.10 VClIltilntiOEl

The ventilation layont differs from mine to mine. The number of roadways utilised as return

airways varies from one road in the narrower panels with only five roadways, to as many as
six roads in panels consisting of thirteen roadways. Ventilation brattlces are used to course

\hc air along the pillars being extracted towards the return airways. A certain amount (lO'PD

to 15%) of the vcndlation leaks through these brattlces and flows across the goaf to the

return airways.

Figure 5.13 shows a typical ventilation layout for a narrow panel where the pillars are

extracted in a straight line and Figure 5.14 It layout for a wider panel with a 45° stooping line.
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J!'i~1!lreS.14 TyJ:lcal Ventilation Layout when Extractlr'3 PilInrs on a 45° Angle

At the majority of the collieries mentioned above, CH4 and CO monko ....heads are installed

in the return airways of the pillar extraction sections and alarms are triggered u the pre-

determined percentages of gas are exceeded.

It is actually remarkable how similar the pillar extraction methods used by the various mines

for clnillar size pillars arc. The difficulties experienced with certain mining methods and the

success of the changes made, verifies the validity of a number of the strata control theories as

well as certain. researeh Iindlngs,

These facts does not oniy make the compilation of design guidelines possible, but actually

desirable.

In the following chapter, rib pillar extraction, which was derived from the Munmorrah,

Wongawi.11i.and Old Ben mining methods practised in Australia, are discussed and evaluated.

Chapter S Pillar Extraction with Continuous Miness
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A detailed study was made of the rib pillar extraction methods practised In South African
collieries, In this chapter the Australian mining methods, from which the South African rib
pillar system originated, the initial rib pillar methods and the evolution of the rib pithr

system since 1980 in fiveSouth A frican collieries arc discussed.

During the past decade, rib pillar extraction was practised in five collieries. These collieries
are:

Middelbult Colliery, Twistdraai Colliery, Krlel Colliery and New Denmark Collier)', all
situated in the Highveld Coalfield, and
Sigma Colliery, which is situated in the Vereeniging-Sasolburg Coalfield.

The objective of this chapter is to discuss the various extraction methods and extraction
sequences used on the various mines. The initial extraction method is discussed as well as
the changes made to this method and the reasons for such changes. The experience gained
~y the mines during the years of rib pillar extraction is incorporated in the guidelines in
Chapter I.

In additional to the mining methods, the labour complement, production equipment and
ventilation layouts ls also closetibed briefly.

Apart (rom some poorly documented, small-scale attempts at longwalImining, longwalI trials
in low seams (1 • 1,2m) were started at Hlobane Colliery in early 1964 and at Durban
Navigation r.oUieriell.where it is still practised, in the middle of 1965. Early in 196710ngwall
trials were aiso started lit Sigma Colliery in a higher (2,7 m) seam (Salamon, et at, 1972. It
wan not Hntil tli~ mid Seventies, however, that longwall mining was introduced on a larger
scale. During the ~ar.lyEighties, u tntal of eight collieries had one or more longwall faces in
production. Due to the frequency of geological discontinuities, especially dolerite dykes,
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and the varying thickness of the seams in most of the South African coalfields, longwall

milling can only be practised in selected portions of tlte total reserves. The limited

application of longwalling therefore made it necessary to investigate other mining methods

to improve the overall extraction i.'Jcn:entage of the total coal reserves.

The first experiments with pillar extraction using mechanised conventiozal equipment

proved successful all some collieries and unsuccessful on others, At Sigma Colliery

conventional stooping proved hazardous due to the friable roof conditions and the ; .,~,ence

of a thick dolerite sill in the overlaying strata.

During the late Seventies, project teams from Sigma Colliery and Kriel Colliery visited

Australia to investigate the stooping methods practised successfully in New South Wales.

Legislation ill Australia prohibited the mechanised extraction oi pillars until the early Fi£ties

when the introduction of coatlnueus miners ellmlnated the necessity of multiple working

places. However, the use of continuous miners resulted hi low extraction percentages due to

the opeiator's inability to remove the 'snooks' or to complete the lifts in the 'opeu-cnd-llft'

method.

The velY thlck, competent ccnglomeratc oVetlayil'.g the coal seams caused sudden,

unplanned roof falls and a very serious accident during stooping operations in New South

Wales triggered an investigation into the development of safer mining methods. Rib pillar
extraction mining methods were developed in an attempt to overcome these difficulties.

The three Australian mining methods Investlgared, namely Munmorrah, Wongawilli and Old

Ben, were all lib pillar extraction methods with continuous miners and are briefly described

below.

The application of this method varies {rom colliery to colliery depending on the prevailing

geological conditions. Due to the length of the rib pillars, the method resembles a shol'1wall

face.

The layout of the system is shown in Fh~e 6.1 and the basic concept is as fnllows:

Chapter 6 Rib Pillar Extraction
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A panel L~ created by a secondary development consisting of 3 to 5 roads. kaving a

continuous pillar of coal nctween the development and the previous caved area (Figure 2.1).

This pillar of coal is normally between 50 m and 150 m wide and is extracted by developing

and extracting 7 m wide ribs in a modified split and lift system. The pillars formed by the

development are extracted as the rib extraction retreats,
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lFfigIDlll'¢~.ll. 'Wongtm111l System or Pl!Iar Extraction

ella.pter 6 Rib Pillar EJtraction

~'.



111

6.2.2 The Mllinmolrub System

The Munmorah system is also practised ill New South Wales at an average depth of 180 ttl

below the surface (Figure 6.2).

Gi!NERAL LAYOUT
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JIi'Uglllll'1ll($.2 Muannor'.lh System of Pilla!.' Extraction
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The coal scam 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 continuous miner. The floor is composed of soft shales

and floor heave often occurs due to the pillars being forced into the sort floor. The rib pillar

panels arc normally 1 220 m long and 183 m wide, and arc developed on either side of the

main development. The primary developmert consists of three roads, The bord width is

5,5 m and the pillar sizes arc 26 m x 40 m centres (Figure 1).2).

A fwthcr mining method developed was the Old Ben method (Figure 6.3) which is very

similar to the Munmorrah system.
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The secondary development conslsi, of three roads, leaving reserves for pillar extraction on

either side. The total panel width is in excess of 200 m. Tertiary development, consisting of

two roads, is developed towards the end of the panel. From this development short fenders

are then developed and extracted.

The initial rib pillar extraction methods used in South Africa were based mainly on the

Munmorrah system. Although the; two teams from Sigma and Kriel Colliery designed their

rib pillar extraction methods separately, both mining methods turned out to be very similar.

As the various collieries gained experlence with the mining method, however, a number of

changes were made to the original method to suit local conditions and improve productivity.

These changes are dlscusse i in detail below.

6.3.1 Pll'imary development

The primary development is used to divide a block of coal into rib pillar panels, the length of

which can be up to 1000 m or longer, and the width varying from 150 metres to

approximately 220 metres.

A typical layout of the development for a rib pillar panel is depicted in Figure 6.4.

The primary development consists of three to four roadways from the main development to

the limits of the panel (Figure 6.4). It is preferably perpendic.Iar to the Main development,

but it can be altered to suit the geometry of the available reserves.

Because the primary and secondary development is so narrow, the full weight of the

overburden is not shared equally by the pillars in the development. Salamon ct 11.1(1976)

stated that if an area is larger than the area of a circle drawn with a radius 0,75 to 1,0 times

the depth below surface, it can be assumed that the whole weight of the overburden is shared

equally by the pillars, and consequently the pillar load can be determined from the tributary

area theory. The conventional safe~y factor formulae are thus not valid to determiae pillar

sizes in the narrow rib pillar development. The geometry of the pillars are therefore

designed to suit the planned mining layout with careful consideration of the local strata

behaviour.

CIi(l.l.I/er (1 Rib Pillar Extraction
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All services such as stores, the miner's box, maintenance bays, etc., are positioned in this
development during the rib pillar extraction phase.
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BLEffiER ROAD

SECONDARY DEVELOPM(!NT

RIB PILLAR PANEL

MAIN DEVELOPMENT

lFa~lmlte1S.4 Rib Plllar Panel Layout

15.3.z SecUlillBllCY GlItJ),IIelopment

The secondary development is used to cut the rib pillar {Janelinto blocks or ribs. These
blocks, or ribs, are normally 42metres wide,but one colliery is using 66metres wide blocks.

Chapter 6 Rib Pillar Exuuctlon
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The secondary development during the iuitiul phases of rib pillar extraction consisted of two

roads, one being an intake airway and one a return, Although Twistdraai Colliery

maintained this layout, some colllcnes experienced a congestion of equipment and services

and inadequate ventllation, At Sigma Colliery the two roads were increased to three, and at

Middelbult Colliery, it was increased to four roads (Beukes, 1989a). This development is

always perpendicular to the primary development (Figure 6.4).

The 6 metre wide fenders arc developed and extracted, with the exception. of Sigma and

Middelbult Colliery, from the secondary development,

6.3.3 Encodeit' lI.'eoallu

On the majority of the collieries, twin bleeder roads are uevelopcd (Figure 6.4). The pillars

be-tween the outside two roads of the primary development arc not extracted with the panel

as the outside road is used as the bleeder road for the next panel. The pillars left between

these 'two roads arc t.hen extracted with the next panel. Twlstdraai Colliery uses a single

bleeder road and leaves a 6 00 wide proteethg pill,s adjacent to this road when extracting the

fenders (see Figure 6.9).

As soon as the secondary development has reached the limits of the panel, the first 6 00 wide

fender is developed. When this development 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 elltractiol1 has retreated to the primary development, the pillars in this development

are also extracted before the secondary development for the next rib commences.

Due to the lack of suitable roofbolt equipment to install roofbolts without removing the

continuous miners from the working face, the continuous miner can only develop a given

distance, specified by the ~ystcmatie support rules or dictated by roof conditions and

behaviour, before roolbolts 1-:'''11 to be installed. During the development of two or more

roads this is not a problem as the continuous miner can be trammed to another roadway

Chapter 6 Rib Pillar Extraction
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whilst the roolbolting is carried out, During fender development, however, this does not
apply. In order to prevent the continuous miner from waiting until the roofbolting in tho
flrst fender development has been completed, the development of the second fender is

started uuring this period. This results in the second fender being partially, or fully,

developed before the first fender is extracted.
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lFJW'lll'GC;.5 'The Basic lE,draction Sequence

The number of fenders that can be pre-developed safely will depend mainly on the geological
condldons and behaviour of the strata, but should be restricted to the practical minimum to

prevent premature failure of the fenders and possible goaf overruns, Except when the
geological conditions are unfavourable, a certain amount of pre-development is necessary to
augmen; productivity.

Chapter 6 Rib Pillar Extrtlction



117

On some oE the collieries practising rib pillar extraction, a number of problems were

experienced and certain changes were made to the bask extraction sequence.

(a) At Sigma Colliery the number of roads in the secondary development was increased

from two to three and the pillar size was reduced from 30 In x 18 m rectangular pillars

to 9 m square pillars to improve the productivity during the secondary development

phase. Unfortunately these small pillars became excessively stressed and they started

faiHng ahead of the working faces. The three road development was maintained, but

tht;y reverted back to the proved 30 m x 18 m pillars.

(b) Due to the size of the continuous miners, it is very difficult to develop the fenders

perpendicular to the secondary development, Sigma Colliery therefore decided to

developed the fenders at 45° to the secondary development (Figure 6.6).

Fnsure G.G a~endersDeveloped at a 451)Angle nt SIgma Colliery

This proved to be totally unsuccessful as the continuous miner operators found it

extremely difficult to maintain the 4SU direction during fender development which

Chapter 6 Rib Pillar Extraction
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resulted in large fluctuations in the width of t he fenders. Conslderable coal reserves
were lost due to the inability to extract large portions of fenders as a result of tills. The

mining process also changed continuously due to the triangular geometry of the first and

IJst section of the rib pillar.

(e) Problems were also experienced with the premature failure of the 42.m long fenders at

Sigma Colliery, resulting in excessive loss oC reserves. A tertiary development was

introduced to split the 42 m wide rib into 42 m x 18 In ribs. I'he fenders were then

developed and extracted at right angles to the tertiary development, and are only 1$ m

long. In addition to this, the direction of the 36 III and 24 m axis of the pillars was

turned through 90° (Figure 6.7) to allow fot a uniform system of extracting both the

fenders and the development pillars, and to decrease the tramming distances. As can be
seen from Figure 6.7, this gave rise to a uniform method of extraction for both

development- and rib pillars. It made the system and subsequently training and

appl, Ilioll, much simpler.

seCONDARY DEVELOPMENT

IFlgUlllrCilf!j,,"T TertIary Development used to Create 111m Long Fl!nliel"ll at Slgmn Coliler)'

Chapter IS Rib Pillar Extraction
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(b) At Middelbult Colliery the number of roads in the secondary dev-lrnment was
increased tv four to improve the ventlladon and the pumping of t. '\lI~" Tertiary
development was also used to divide the block into 18 m wide ribs thus resulting in 18m
long fenders, similar to the layout shown ill figure 6.7.

The evolution of rib pillar extraction on these collieries is described in detail by Beukes
(1989a).

6.4.3 Rib pmm:' entrllction 011DimndVllllilce uvci rrlltrcnt basis.

When doing rib pillar extraction on a retreat basis, the primary development has to be mined
to the limits of the panel before secondary development and fender extraction can
commence. This results in the continuous miner being confined in the lower production
output development phase for '\ considerable period of time before starting the pillar
extraction phase. Secondly. a separate primary development has to be mined for every rib
pillar panel.

In order to reduce the amount of development and to start he more productive pillar
extraction phase l't an earlier stage, Twistdraai Colliery mined a hlm:lcof coal on an advance
and retreat basis.

The three-road primary development was positioned in the centre of the block of coal to be
extracted and the bleeder road on the side to be milled on the advancemethod (Figure 6.8).

The primary development was mined to the position of the first secondary development and
sto: .ped, The fU'st secondary development was then completed and the 42 m wide rib
eltt.' +ed, The pillars in the prinlary development were left intact and were only to be
cx.tr!u:l.~d.in the retreat phase. Inaddition, a 6 m wide pillar was left adjacent to the primary
roadway for protection (Figure 6.9).

This proce,;!; continued until the one side of tllfl section was completely mined out. '}'he
opposite side of the section, including the pillars in the primary development, were then
mined out OLI the retreat. A bleeder road was created by leaving a 6 m wide rib to protect
the end roads of the secondary development, and by connecting the secondary development
on the retreat side with a su.gte roadway also pro.ceted by a 6 m wide rib (Figure 6.9).

Clll1pter6 Rib pm«r &traction
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ThL~experimental panel proved to be successful. Th" 1100: gradient must be considered
carefully during planning as tho unplanned inflow of water during pillar extraction can
[eopardise the success of this method.

I~" - _ ..
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fHe PILLAR PANf:.L

I
I
I
I

• I

MAIN OEVE~OPMEtlI'

:ffi'ialJlrteai.a Rib Pillar JExtrnC#iOIl on the Advance at 'I\fJsttlrtlui ColIJery
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MAIN OEVELOPMfiNT

FagG~ IS.$) rub PUlaI.'Extraction on the Advance and Retreat at Twistdmal Colliery

Chapter 6 Rib Pillar Extraction
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6.5 Jl.1l1Rml'lZ:dracUol1 Mdbods

The cutting sequence for extracting a 18 In long fender using mobile mechanical breakerlines

is shown in Figure 6.10. Mechanical breakerllues l'A' and 2 are placed in position before

extraction of the Iender commences. As soon as the first three cuts have been completed,

mechanical brenkerline l'A' is moved to position len', and the remainder of the fender is

extracted. When the fender has been extracted completely, both mechanical breakerllncs
are moved into posltlou for extracting the next fender.~-.-r~~'--- _, -----

5m

'r--'''" .....~-.,.
iMI3L i :MBLI
I II 1
1 '''B''I 1 1"13"1, 1 I I
.t... .) I,. )0
'v' 'v....
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'G~IBI.8,. . 2.

'j . . \. .r-f-:j
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ROOF90'.TS

Jl.i'Agunll'C cS.J1.0Cutting Sequence and Support. 13 m Fender
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The cutting sequence for extracting the fenders is shown in Figure 6.1.1. Breakerllnes A and

B and fingerline A must be installed berate extraction of the fender commences. On

completion of cut 4, brcakerline C is installed and breakerline .B is removed by tJ., eans of a

sling, or chain, pulled by a full shuttle car. One timber prop is normally left intact .0 act as a

deflection indicator. This procedure is continued until the, fender has been extracted

completely after which breakerline A and flngerline A arc also removed.

o 0 000
o 000 0

BREAIli!R ~INE c'

~-6t11-

1,8 01 MECHANICA~
ANCHOR ROOF80lTS

o 0

(J 0 0

o 0
o 000

oo CI [] 0

n

CI 0 o
o 0

./ ' '\..
"INGER~INE 'A'

\
BR(1A11F.R LINE 'A'

Wlgunll'cG.ll1 Cutting Sequence and Support ..42 m Fender
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In addition to the timber breakerlincs described in Chapter 6, mobile mechanical

breakerllnes have been used at some of the Secunda Colllerl tile application of these

breakerlines was described in Section 6.5.1 above and depicted in Figllre 6.10.

The usc of mobile mechanical breakerllnes (Figure 6.12), which was pioneered in South

Africa, has gained ground world wide in pillar and rib pillar extraction. The mechanical

breakerlines used by the Sasol mines have proved to be successful in rib pillar extraction.

The main problem with these breakerllnes is the bi"h initial capital cost.

lFlgull'el$.12 Mec:lllluical Breakerllue Support. DLS 3800/450

Chapter 6 Rib Pillar Extraction
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The main advantages of mechanical breaker lines arc:

(i) The yield load of tbe Voest Alpine BLS 3800/450 mobile brcakerlinc, for example,

is 540 tons per unit (1080 tons per breakerline) as compared to the support

resistance of between 89 tons and 308 tons for a timber breaker line.

(ii) The case and speed of installation (moving of the units).

(iii) It shields the workers from the goaf;

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

(v) It is safer to withdraw and move forward as it can be done remotely.

The percentage in-panel extraction achieved with rib pillar extraction is estimated by the

various collieries to vary between 70 per cent and 90 per cent in comparison with the 45 per

cent to 57 per cent achieved with bord and pillar mining.

Similar to the other extraction methods, the manning of the sections on various mines differ

anti also depends on the type and number of equipment used. The typical operating crew in

a stooping section using one continuous miner and two shl.l!tle cars is as follows:

Operating crew : Miner 1

Team leader 1

Continuous miner operator No.1 1

Continuous miner operator No.2 1
Cable handler 1

Shuttle car operators :3
Roofbolt operator No.1 1

Roofbolt operator No.2 1

Feederbreaker operator 1

Support and ventilation ...1
TOTAL PER SHIFf 15

CI,apter 11 Rib Pillar &traction
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6.9 PlI'oducUoJrllEquipmcet

A variety of equipment is used on the various mines, the number of the specific types of

equipment is very similar. Two of the collieries use a double continuous miner section. The

first continuous miner completes the first secondary development and On completion of the

development commences with rib pillar extraction. The second continuous miner then starts

the following secondary development. This enables the two continuous miners to work in

tandem and they leapfrog down the panel. The equipment and manpower for such a double

continuous miner will not be discussed further.

The equipment in a typical rib pillar section will be:

1 Continuous miner

;3 Shuttle cars (one is normally on stand-by)

1 Roofbolter (depending on the density of support),

1 Fcederbreakcr

Some of the collieries also use Load Haul Dumpers to assist with cleaning in the nections,

6.10 VerraUiutioll

Bled er 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 removing the dust and creating a positive flow (Figure 6.13). It is important to

maintain this positive flow over the goaf to prevent gases from cntel'Utg the section.

During caving, voids are formed in the roof of the goaf which allows a flow of ventilation

through the goaf area. In the event of the goaf closing completely, bifurcated fans could be

used to return the alr to the return airway.

During the development phase, 221tW to 37 kW force fans are used to ventUate the;

headings.

Cllapter 6 Rib Pillar EJttrac:iol'
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8LEEOEF!
ROAD

F!CVlUl'e6.].3 Ventilation Lay()ut

li.H.I The !hmDpoSlitBOJmlil oC fenders

It has often been observed that during goafing the roof strata do not form acute angles
to match the exposed roof area, but tend to form a natural overhang and goaf along
gradual curves (l~igure 6.14).

This means that the (mal i1"ook(B) will alwaysbe required to support II larger area of
roof. This situation is aggravated by the lrrge area of unsupported roof created by the

intersection with the secondary or tertiary development.

Cllapter 6 Rib Pil/(U'Extraction
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PIUAf1

Jli'n[i!llIl'C I ~JJ Gonfing when Extracting the Finull)ortion or a Fen de' (Crous d 1.11,19116)

Each continuous miner is equipped with a methanometer which has an audiovisual
alarm to warn the operator should inflammable gas be present. Continuous
methanometers are normally also situated in the last through road to the return airway
to monitor possible methane build-up.

Chapter 6 ~~ibPillar Extraction
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The coal and carbonaceous shale, mainly from the roof slr.lid, d·,j, h remains in the goaf

creates a risk of spontaneous combustion. CO monitors arc installed in the return

airways from the section to monltor any lIeating in the goaf areas.

6.12 Conc!uil!oDa

Although various changes were made by different collieries, the final product turned out to

be very similar, As can be seen from the analyses above, the basic strata control theories and

principles were constantly applied and adhered to.

Although the composition and behaviour of the strata plays a major role in the design of rib

pillar extraction, the similarities in '.he mining methods make it possible h) formulate

applicable design guidelines.

The practical experience gained by all the collieries, the research Iindlngs and the strata

control principles and theorl=; have been assessed and evaluated, and are used to to

establish design guidelines for pillar and rib pillar extraction in the following chapter.

Chapter 6 RilL>Pillar Extraction
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CilIAnER7

GU!DlELUNES ]FOR PllLLMt AND RlIn Dm:..LAR Ui:nRAC'll'ION

7.1 [ntll."ochu:tloll

The information compiled during the survey of pillar and rib pillar extraction has been
assessed and the important factors to be considered when planning and operating II piU:u
extraction panel have been identified.

During the years that these mining methods were practised, a vast amount oC experience was
gained on the various collieries. Problems were experienced by various mines and they made
numerous alterations to the mining methods with varied amounts of success. Due to the
importance of increasing extraction, and as the application of pillar extraetlon practices
Increased, research was conducted by COMRO and by various mines and mining houses.

The problems and successes experienced by the various mines and the research conducted by
COMRO, individucl mines and mining houses form the basis of these guidelines. These
facts are itemised in these guidelines so that improved performance and safely can result
from pillar extraction operatious.

The vast difference in the geological composition and behaviour of the coal bearing strata,
the mining: depth and mining equipment used make it difficult to design a specific set of
guldellnes applicable to all the collieries.

Thes\) guidelines have thus been formulated in such a way that it is not prescriptlve as to the
mining method, support or other relevant factors, but father as a guide to all the factors that
must be taken hltO consideration when designing panels for pillar and rib pillar extraction.

Thcce guidelines must fur-refOle be used in conjunction with information such as the local
geology, strata bl':.taviour and other relevant mining parameters, and local esperience,
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Although the safety factor of the pillars is important to ensure that the pillar strength is
adequate til support the overlying strata, it is only the start of the design process Other
factors that play equally important roles arc the mining method to be practised, the
equlpment to be used and the behaviour of the local strata.

III the past the safety f(.clor was too often the on1)!parameter used to determine the size l)f

the pillars and other critical factors were ignored. The behaviour of the overburden strata is
,lll?siV· f\'.) lI'ost critical facto,' as it also affects the mining method, the typt: of mining

'.l\t can be used and the support required during development and pillar
(lC\. ' ,;.itic.nlfactors affecting pillar size arc depicted in figure 7.1,

Flgl.UJre7.1 Factors Affecting Pillar Size

The mining method should be pre-determined and the pillar should be designed to
accommodate this method. The type and size of the mining equipment also have a major
influence on the type of mining that can be practised and the pillar dimensions required for
safe and effective extracdou,

ClltJpter7 Guidelines for Pillar and Rib Pillar lUil'llct;oll
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Unlike the pillars ill bord and pillar sections, the load on the pillars in pillar extraction

sections changes constantly due to the dynamic nature of the mining process. When the coal

scam Is overlain by a dolerite sill or competent massive sandstone which does not break

during in'tial goaling, the load on the pillars will be higher than after failure of the sill or

sandstone, This is due to the additional load that has to be borne by tho pillars in the vicinity

of the goaf edge to support the overburden spanning the goaf area.

Before the safelY factor for these pillars C<'Ul be determined, the additional loud on the pillars

bas to be determined. The factors that will affect the additional load arc the depth below

surface, the width of the panel and the composition of the overburden. The additioual load

may be determined by simulating the mining sltuation uslng computer simulation programs

such as FLAC, MINLA Y and BESOL.

The following example (Model 7.1) will be used to indicate the variation in the stresses on

the pillars before and after the failure of a dolerite sill:

Model?l

Assume a coal scam 160 m below surface (to the roof of the seam) overlain by a 40 m thick

dolerite sill, The base of the dolerite sill is 40 m above tIte upper contact of the coal seam.

The mining height is 2,5 m, the bord wiuth is 6 m and the pillars are 18 m square. The first

subsidence 011 surface, and thus the first brenk of the dolerite sill, occurs 150 m after

commencing pillar extraction; assuming that the panel is wide enough to cause the sill to

break, The angle of fracture is 15 (measured from the vertical).

The linear clastic MINlA Y computer program was used to simulate the mining parameters

given in Model 7.]. The simulated stresses on the pillars adjacent to the goaf before and

after failure of the dolerite si1~ nrc shown in Figure 7.2. It must be noted that the stress
profile is dependent on the values of the input parameters (e.g, modulus of the coal and

strata, bulking factor, size of elements, eta) and that the failure of the pillar sides is not

taken into account. The stress profile after sill failure is also affected by tile mode of caving.

of the roof strata.

Chapter 7 Guidelines for Pillar and Rib Pillar Extraction
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Van der Merwe, 1989,developed a concept named the Dynamic Safety Factor to determine
the minimum safety factors of pillars during pillar extraction. In a paper published in
November 1990 (van der Merwc, 1990), h~ changed the name of this concept to the
Extraction Safety Factor (ESF). In order to calculate 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 determine the total load on the pillars and the minimum ESP
is determined by back analysis. If back analysis cannot be used due to the lack of suitable
historical cases, an ESF limit of 1 can be assumed. Details of this concept are discussed by
van der Merwe, 1989and 1990.

Salamon and Oravecz (1976) pointed out that during pillar extraction the pillars are reduced
until they reach a stage when they are "undersized" by ordinary pillar designed principles.
However, the strength of rock depends, to some extent, on the duration of loading, and
pillars cal) support loads exceeding their Ultimate strength for short periods. 'the success of

Cllapter 7 Gl4idiJ!illelJ!or Pillar (MidRib Pillar Extractlott
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pillar extraction, and the acrual value of the sarety factor, therefore depends strongly on the
rate of extraction. Tiley made the followingrecommendations:

(i) When the rate of retreat is slow, as in handgot pillar extraction, safely factors
exceeding 2,0 are recommended.

(ii) If pillar extraction is mechanized anr' a Caster rate of retreat is achieved, a safety
factor of between 1,8 and 2,0 is recommended.

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

Further research is necessary to determine if pillars with lower safety factors can be stooped
safely and under Whatconditions.

The main difference between pillar extraction with c(\'"ventlonal equipment and that with
continuous miners is that with continuous miners one pillar is extracted at a lime, whereas
with conventional equipment a number of pillars, often a complete row, ate extracted
simultaneously. This means that the size of a row, or number, of pillars is reduced according
to a planned work cycleuntU they have been extracted completely.

Another difference between conventional and continuous miner extraction is the pillar
extraction angle. The majority of the collieries employing continuous miners for pillar
extraction, extract the pillars in a straight line, whereas it. conventional pillar extraction the
pillars are generally extracted at an angle of between 30° and 4SO.The effect this has on the
load borne by the pillars on the goaf edge will be discussed in the,section on stooping angles
(Section 73).

As was discussed above, the safety factor for the pillars is only the start of the design process.
The other important factors such as the behaviour of the local strata, the mining method to
be practised and the equipment to be used must be carefully considered d\!ring the uesign
process.

The most common methods of conventional pillar extraction are splitting and quartering and
the open end lift, but as discussed in Chapter 4, many different methods, depending on pillar

Chapter 7 Guidelines/or Pillar and Rib Pillar Extractiotl
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size and strata conditions, are used, The pillars must be designed to accommodate the
extraction method to be used.

Th0 lI'o!Rowirlg fi'4lC¢OIl'Oneed to be considcred wheD detell'minitaii dln0 piBInlI'Ilbeo foil'

conventiolilal pmaa' (j)Ittt'ucU~.)J!I:

(a) The strength of the pillars must be sufficicl't to support the overburden in the worst
possible situation (e.g. before failure of the dolerite sill). Unless the strength of the
pillars and the load on the pillars can be accurately cleterm;:!,.~and the safety factor
derived from this data, the recommendation of Salamon and Oravecz (1976) to usc a
safety factor of not less than 1,8,determined by the Salamon or squat pillar formula, is a
good guideline. When the rate of retreat is slow, as in handgot pillar extraction, safety
factors in excess of 2,0 are recommended.

(b) The size of the pillars should be designed to correspond with the extraction method.
This is important as it will improve productivity and prevent the formation of large
snooks, If the normal bord width on a colliery is 5,5m, but the pillars in pillar
extraction are designed such that it requires 4,5m wide cuts, the productivity will be
reduced as it results in less tons per blast.

(c) Unnecessarily large pillars should be avoided as it will increase the time spent in
extracting the pillar thus exposing the diminishingpillar to increasing stress for too long
which could lead to premature pillar failure. In addition to this it also leads to a slow
retreat of the stooping line.

(d) Back-to-hack lifts should be avoidedas far as practicallypossible.

Although the safety factor of the pillars is important to ensure that the pillar strength is
adequate to support the overlying strata, it is only the start of the design process. Other
factors that play equally important roles arc the mining 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 some of these
factors on the pillar size:

Cllapter 7 Guidelines for Pillar afld Rib Pillar Bxtractlon
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A coal seam is situated 125 m below surface and ig overlain by a 40 m thick dolerite sill 25 m.

above the: coal scam. The lmmedia'e roof consists of weak, laminated shale that goafs

readily. The bord width is 6 m and the mining height is 3 m, A Joy 12HM9 continuous

miner and 12 ton shuttle cars are to be csed to extract the pillars. Seven road panels are to

be developed and extracted. If the safely factor is the only parameter used to design the

pillars and the pillars are designed to a minimum safety factor of 1,8, it will result in 14 m

square pillars. What m(;thods can be used to extract these pillars?

TIle following factors will affect the pillar extraction method:

(i) The minimum panel width necessary to cause the dolerite sill to fail is 191 m

(calculated with Galvin's formula). As the planned panels arc only 126 m wide, the

dolerite sill will only Iail when the second (adjacent) panel is extracted, provided

the barrier pillar is removed.

(ll) The size of the 12HM9 continuous miner and 12 ton shuttle cars is such that a split

of at least 6 m wide is required for the split and fender method (see Figure 7.4).

(iii) As the immediate roof consists of a weak shale, the initial goaf is likely to occur as

sections of the pillar lire extracted rather than on completion of the whole pillar.

The extraction method and placing of the breakerllnes must take this into

consideration.

There are numerous possible methods for extracting these pillars. For pI'actica1 reascns only

two of these will be USed to illustrate thi~example. Figure 7.3 shows two possible methods of

extracting these pillars.

Met!lodl

Figure 7.3(3.) depicts the situation if the pillar Is split into two 4,0 m wide fenders by a 6 m

wide development through the centre. The following problem will arise from this extraction

method:

The 4,0 m wide fenders could be v,~ryunstable under tl:ese circumstances. These fenders are

equivalent to a 6,2 m square pillar as indicated by:
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(b)

lFBgl'.urli:7.3 Ex1.l'Ilctionof 14 m Pillars (Example only)

This means that the strengtu of these fenders is equal to that of a 6,2 Jl1 square pillar which
has a safety factor of only 0,67 and a width to height ratio of only 1,3 (based on the minimum
pillar dimension), This situation is aggravated further by the additional stress on the pillars
because of the dolerite sill spanning the goaf. It is therefore very likely that these fer,dl~ts
will fail prematurely.

Metbod2

Figure 7.3(b) depicts another possible method for extracting the pillars. Variations of this
method are used by some collieries that have a competent sandstone tOor and a mining
height of approximately 1,5 tn. However, taking into account the conditions in Modc17.2,
the following problems will arise:
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Due to the weak, laminated shale roof tbat goafs reauily and the mining height of 3 m, it is

unlikely that the flngerlines installed after cuts 1 and 2 will prevent the roof from goafmg

until after cut 5 has been completed. If goaling occurs after cut 3, the goaf could extend into

the intersection and prevent the extraction of cuts 4 and 5.

The above examples illustrate the dangers of using only the safety factor to determine pillar

size, ignoring the other critical Iactors such as the behaviour of the over lying strata, the type

of mining equipment to be used and the method of extraction. Alternarlvo approaches

should thus be considered taking these factors into account,

One such alternative is to change the pillar dimensions by creating 18 m x 12 m rectangular

pillars. The effective width of these pillars is 14,4, resulting in a safety factor of 1,9, and the

minimum width to height ratio is 4. If these pillars are split by a. 6 'U wide development it

will result in two 6 Inwide fenders (see Figure 7.4).
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[i'a~'41llr(i}7.4 Possible Elltroctloll Method for a 111m " 12 m Filial'

The safety factor of these fenders is 0,95 and the width to height ratio Is 2. It is evident that

these fenders will be more stable than those depicted in Figure 7.3(a) and could be extracted

effectively and safely. A disadvantage of Increasing tile pillar size is that the percentage in-
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panel extraction during the development phase will decrease. With this pillar size, however,

the primary percentage extraction will be reduced by only one per cent. The panel width will

be increased to 150 m whkh is still insufficient to induce sill failure,

Tille fi.'ollowiDigfactorll !lbould be cUll'dlnlly ci)l.1!lilicrcdl wlhelil dlll.mifJlllilJl~JlImlAll'l.l !tor

~mUi" cntll'acUOIlwith c:oltdillltlol!!l miners:

(a) The strength of the pillars must be sufficient to support t~e overburden in the worst

possible situation (e.g, before failure of the dolerite sill). Unless the snengtlr of the

pillars and the load on the pillars can be accurately '!etermined and the safety factor

derived from this data, the recommendation of Salamon and Oravecz to use a slUety

factor of not less than 1,8, determined by the Salamon Or squat pillar formula, is a good

guideline.

(b) The development adjacent to and through the pillar should be wide enough to

accommodate the existing mining equipment. If lite roads arc too narrot .cch time is
wasted in aligning and tramming the equipment during the extraction phase.

The number of road headers used in pillar extraction is on the increase and the width

lind length of these machines, as with some continuous miners, makes it difficult to turn

off epllts at right angles. In order to decrease the time spent on splittiu ~ pillars at right

angles, consideration should be given to splitting the pillars at an angle. An example of

·.plltting a 18 m square pillar at a 70° angle is illustrated in Figure 7.5.

When pill rs are split on an angle, it is important to ensure that the remainder of the

pillars being extracted L~of adequate size to prevent them failing prematurely durlng the

pillar extraction process. Strict control should also be exercised to ensure that the

development is turned off at the correct angle and position.

(c) The extraction method should require the minimum continuous miner tramming as

tramming reduces the actual production time.

Cllapter7 Guidelines for Pillar and Rib Pillar Exiraction
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TI'llGU07.5 Splitting u Pillar on 11 70° Angle

(d) The extraction method should require the minimum of breaker and fin~erlines as these

are not only costly, but the installation thereof is time consuming which could result in

production time being lost.

(0) If a pillar is split into fenders, these fenders should be wide enough to withstand the load

for the duration of the extraction, but narrow enough to avoid the formation of excessive

snooks. It must be noted that, when a pillar is split into fenders, the bulle of the strength

of the pillar is removed as the strongest portion of a pillar is seated in the centre.

(f) The pillars should not be designed unnecessarily large so that individual pillars can be

extracted in the shortest possible time, thus exposing the diminishing pillar to high loads

for the shortest possible period, and allowing for It fast retreat of the stooping line.

(g) The extraction method should be such that the minimum amount of coal is left behind

In the form of snooks (pillar remnants). Snooks not only lead to a loss itt reserves, but

they may prevent the overlying strata from failing properly thus causing unnecessary

stress on the pillars to he extracted.
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(h) Back-to-back Jjftq should be avoided as far as practically possible.

The safety FJetor formulae arc not suitable for determining pillar sizes in the primary and
secondary rib pillar development consisting of only two to four roadways. This is due to the:
fact that the width of the section is so small that the full cover load is not supported by the
pillars. The pillar load is therefore distorted and the safety factor is invalid. A panel width
at least equal to the mining depth is necessary to cause equal distribution of the cover load
on the pillars, It is thus important that local experience of the strata behaviour be carefully
considered when designing the pillars. It is recommended that the pillars be designed such
that, wherever possible, the extraction method used fer extracting the fenders could also be
used for extracting these pillars. This could prove to be more productive and it requires less
training. Figure 7.6 depicts an example of such a design.

The geology and behaviour of the overburden strata plays a major role in the design of the
length and width of the fenders in rib pillar extraction.

A Iluumilcll,' of!' Il'nctoB.'1l llnillst he tal!!CIll1 into 4!4)1!II9idclI,'!lU6I!1I tllunl1'irmg llbc U'illD pmulr

cl!l\U':ldiollil alIclligRI:

(a) The fenders should be wide enough to prevent premature failure, but narrow enough to
enable the contlauous miner to cut through it without exposing the continuous miner
driver to unsupported roof. Depending on the equipment being used, the width
normally varies between 6 m and 7 Ill, the most common being 6 m, 111Australia
fenders of up to 8 m wide are extracted, and one mille in the USA increased the width
of the fenders to 10m to reduce the amount of fender development required. However,
the effectiveness of this method could not be verified. At Hlobane Colliery 10m wide
tenders are extracted in the Wilcoxsections using a form of rib pillar extraction.

Chapter 7 Guidelines for Pillar and RIDPillar .Extraction
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SECONDARY DEVELOPMENT

rlrrr1
!FIgeli'll7,Iii Example or a rub Pillar Extraction Layout

(b) The length nf the fenders can vary considerably from. one colliery to another and
depends largely on the behaviour of the overburden strata, the mining height and the
strength of the coal. The length of the fenders should be such that they can be eztracted
before premature failure call occur. Fenders must be completely extracted during the
last shift before a weekend or any other break in productior •

(c) Long fenders require long fender developments, This normally results in a fluctuation
in production output as the production during fender development is significantly lower
than during fender extraction. Tills is not only due to the installation of roolbolt
support, but also to the easier cutting conditions during fender extraction as the fenders
are subjected to higher stresses which pre-Iractures the coal.
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(d) Fenders should be developed at right angles to the secondary or tertiary development as

it is easier for direction control. If the fenders arc developed at an angle to the

development, it is more difficult to implement direction control and the width of the

longer fenders could Iluctullte.

7.3 Designilllg lJ:lul'Aclafoil' Plllar und Rib Pntar Extrmdioliil

7.3.1 DeslgllingpOllu:11I «'Olrpiller 0l.tarlldiolll

When a reserve area is overlain by a dolerite sill or a competent massive sandstone, it is

important to determine beforehand if the panels are to be designed wide enough to allow the

overburden rock mass to fracture through to surface or narrow enough to prevent it from

faiUng. Under normal circums~ances a panel would be designed wide enough to induce

failure, but under certain conditions, such as a need for surface protection, it may be

necessary to prevent the overlying strata from failing thus minimising surface subsidence.

In some coal reserves however, the panel width required to facilitate failure of the

overburden strata can be of such dimensions that it could decrease productivity if mined as a

single panel or it would result in too many pillars per row to be extracted effectively. In such

eases it may I;..e necessary to mine the area with two adjacent panels and extract the

interpanel pillar, The following example (Model 7.3) should illustrate this:

Model7:J

A coal seam 180 m below surface (to the base of the seam) is overlain by a 60 It1 thick

dolerite sill which occurs 30 m below surface. Continuous miners are to be used for both the

cevelopment and pillar extraction phases and the mining height is 2,5 m, the bord width i",
6 m and the pillar size is 18 m,

Safcty Factor > 1,86 (using the normal formula),

Safety Factor re 2,03 (using the squat pillar formula).

The panel width necessary to induce sill failure '" 228 m,

According to this information the pillar sizes conform to the requirements -If the safety

factors. However, to create a 228 m wide panel would require 11 roads. this could be art
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unproductive section during the development phase due to the long tramming distances,

unless it is developed as a double header section. lit addition to this, extracting 10 pillars per

line would slow down the rate of extraction considerably and could result in large pressure

increases on the last row of pillars.

If this area is extracted by uslng two panels, either two 6 road panels or a 6 road and a 5 road

panel, I1s well as the barrier pillar, the rate of exteaetlon will increase considerably.

The COMSIM computer simulation program was used to simulate the potential production,

for the parameters in Model 7.:', in a 11 road panel versus the production in a 5 and 6 road

panel during the initial development and during pillar extraction using one 12HM9

continuous miner and two 10 ton shuttle cars. The simulations are based on three eight hour

shifts per 24 hours, a machine availability of 80% and a continuous mlner cutting rate of 5
tons per minute.

The potential production during the development of a 5, 6 and 11 road section ls shown in

Table 7.1, and Table 7,2 shows the production potential of a 6 and 11 road section during

pillar extraction.

'll'I.lM~ '1.1 Produdlvlty DUring Davelcpment

Number of headings 11 6 5

.. .'"~
Tons per shift 1271 1321 1,170

Tons per face minute 3,31 3,44 3,5'7

Cont. ruiner utilization:
Cutting % 66,2 68,8 71,4

Shuttle car utilization: I
Load & discharge % 49,9 51,9 ,511"

Travelling % 19,3 15,3 14,t~

Shuttle cars:

Total route dist.(k."l) 308 16 104
(lor two rows 01pm".) I
Tons/km travelled 64,8 n: 82,9

...

l
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'll'oble 7.2 Proltuctivlty During Pillar Extraction

Number of headings 11 6

--
T\ Insper shift 1257 1375
Ton» per face minute 3,27 3,58

Cont. miner lltilization:
Cutting % 65,S 71,<1

Shuule car utilization:
Load & discharge % 49,1 53,7
Travelling % 39,1 32,4

Shuttle cars:
Total route dist.(km) 531 212

(for two rows of pillars)
. Tons/km travelled 38,4 43,2

At the above production rates it will require 4,4 shifts to extract a row of pillars in U (J road
panel and 9,7 shifts (more than three days) to extract a row of pillar': in II11 road panel.

If a third shuttle car is added to the 11 road section during dcvelopmenr, the potential
production improves only marginally to 1285 tons/shift or 3,34 tons/face minute.

If this area is extracted with two narrow panels (i.e, 5 or 6 roads) instead of one wide panel,
it is very important to note that when the pillars in the second panel and the interpanel pillar
are extracted, the first sill failure will occur when extraction has progressed for a distance
approximately equal to the depth below surface, This failure to the surface will include the
overburden. strata spanning both panel! and could result in an air blast due to the sudden
displacement of the large volume of air. In addition to this, the goaf may overrun
breakerlines or even partially extracted pillars. This was actually experienced on two
collieries, using continuous miners, iu the Highveld Coalfield. It is thus of great importance
that, when the critical span is reached, breakerlines are properly installed (in some cases a
breakerline with three rows of props instead of the normal two may be necessary), pillars arc
not pre-split or left partially extracted between shifts and the operating crews are kept aware
of the situation. It will be appreciated that the above comment is even more critical when
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conventional pillar extraction is practised as a number of pillars are being extracted
simultaneously.

If it is practically possible, extraction of the second panel could start when the extraction in
the first panel has progressed for approximately 50 m, Extracting the two panels in this
manner will reduce the stress increases on the interpanel pillar and the pillars in the second
panel.

'!'be B.'o!lowilmll!l'ocdOI.'D "boold UJcconsliallll.'llld when cllltJignllmG J!I01li111lUIl !l'Oi!' ){Imnrr

IIlxtrndlotl wma ecatlauoua lll1lillers:

(a) The ctitical panel width, based on tbe superincumbent strata, necessary to induce caving
to the surface must be determined.

(1)) In the case of competent overburden strata, it must be decided if the panel should be
wide enough to induce failure of the overburden strata or if the surface subsidence
should be kept to the practical minimum for the protection of surface structures.

It must be pointed out thnt if the superincumbent strata consists of weak, incompetent
strata, the panel widtl, necessary to prevent surface subsidence is so small that it makes
total extraction both unrealistic and uneconomical. Under such condltior« partial
extraction caa be considered (Salamon, 1990). This can be achieved by either extracting
a narrow rib pillar panel adjacent to bord and pillar development (f.1igmc7.1), or by
extracting alternate rows of pillars (Figure 7.8), as practised b~ Gretley, Munmorah and
Newvale No.2 Collieries in Australia, provided tlte rCllla:Jlingpillars arc strong enough
to support the spanning overburden.

(c) If adjacent panels are necessary to induce overburden strata failure, the barrier or
interpanel pillars between sucb panels must be designed of sufficient strength to support
the overburden strata and to prevent a goal overrun during the extraction cf the second
;..mel. The interpanel pillar should then be extracted with. the second panel.

Itmust be noted that the extraction of several adjacent, subcrltical panels will result ill
additional load on the lnterpanel or barrier pillars as well as the pillars in the adjacct1t
panels. It is important to determine the stress situation in such a mining layout prlor to
milling to prevent UilSafc working conditions and loss of reserves due to high stresses.
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Figmre 7.7 Partial Extrllction Usln(: Rib Pillar Extraction

){i'igM~ 7.n Extrnctlng Every Alternate Row of Pillars

(d) The number of roads pel' pane I, and thus the number of pillars per row, should be small
enough to allow a fast retreat during pillar extraction taldng the productivity during the
development phase into account.
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(e) In the case of a 4SOstooping line, the panel width and number of pillars per (IJW has a

major effect on the tramming distances and production. The tramming routes and

distances must be determined ill detail before the panel layout is finalised. The

COMSIM simulation program can be used to assist with the layouts and to compare the

productivity of alternative layouts.

The details in Model 7.3 Were simulated using COMSIM to determine the potential

production for an 11 road and 6 road pillar extraction panel 011 a 450 5t oping line. The

results of the simulations, based on one 12HM9 continuous miner and two 10 ton

shuttle cars, are shown in Table 7.3.

'll.'tu1b107.3 Productivity of a 45 0 Stonplng Line Panel

I Number of headlngs 11 6

Tons per shift 998 1349

Tons per face minute 2,60 3,51

Cont. miner utilization:

Cutting % 52,0 70,3

Shuttle car utlllzatlcn:

Lead & discharge % 39,0 52,'1

Travelling % 51,2 29,1

Shuttle cars:

Total route dist.(km) 422 98
(for two rows of pillars)

Tons/kn1 travelled 24,2 51,9

As can be Seen from these figures the distance travelled by the shuttle cars in an 11 road

panel is more than four times longer than in a 6 .oad panel and the production potential

is approximately 26% less.

(1) If a panel is not planned to be stooped immediately after the development has been

completed, the primary support must be adequate to prevent bard failure until pillar

extraction commences. In certain cases additional support may be necessary once pillar
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extraction commences, If excessive scaling of the pillars is experienced under normal

clrcumstar.ccs, allowance should be made for this in the primary support, bord width,
pillar dimensions and cleaning time required before pillar extraction can commence.

The spalled coal should only be cleaned where it restricts operations as it assists in

prevendng further deterioration of the pillars.

(g) If pillar extraction panels arc planned Onboth sides of a main development that needs to

be protected, care should be taken that the strength of the barrie; pillar as well as the

pillars in the main development i.; sufficient to support the spanning overburden strata.

(h) The ventilation layolit also plays an important role ill the design of pillar extraction

panels and the environmental personnel should design the ventilation layout and

requirements for each panel during the planning process. Good control over ventilation

standards is required due to the effects or goaling and possible damage of ventilation

walls by roof pressure or floor heave.

The critical panel width, based on the superincumbent strata, necessary to induce caving to

the surface must be determined for the rib pillar panels.

The second, and even more crltlcal, factor to determine, is the width of panel that can be

extracted without restricting the posltlv, ventilation flow across the goaf

If a panel is too narrow to induce caving to the surface, it is very important to note that when

the second panel is extracted, the first sill failure will occur when extraction has progressed

for a distance approximately equal to the depth below surface. This failure to the surface

will include the overburden strata spanning both panels and could result in au air blast due

to we sudden displacement of the large volume of air. In additlon to this, the goaf may

overrun breakerllnes or even partially extracted fenders. This was actually experienced with

rib pillar extraction on two collieries in the Highveld Coalfield.
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7.4 Stuophntlj Angle

'1.4.1 !"iIIUll enll'uctloll.'l with euntlnueus miners

The angle at which pillar extraction with continuous miners is practised will depend largely

on the behaviour of the local strata and may differ from mine to mine. Although the majority

of the collieries extract pillars in a straight It..!), some collieries find it necessary to do so at

an angle: of 45°.

The first pillar extraction panel at Sigma Collicry 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. '1he pillars were then stooped in a straight

line wh1ch proved to be successful (Beukes 1989). This is also the method followed by nine

of the twelve collieries using continuous millers in pillar extraction.

The reason why pillars can also be extracted in a straight line when using continuous mlners

is that only one pillar is extracted at a time. The pillar being extracted is thus partially

protected by th", adjacent pillars (Figure 7.9). As can be seen from Figure 7.9, the pillar

being extracted is partially protected by pillars 1and 2.

1- - --
1 1
1 1
1 1- - __ I

,- - --
, 1
, 1
I 1
- - __ I

lFiW!l1l'07.rI) Extracting U'lIlllrs Iu IISh'llfght Line Using ContInuous Miners
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At Grecnslde Colliery, Usutu Colliery and Ermelo Mines stra~6llt line pillar extraction

resulted ill high meSl!lC~011 the pUl~rs adjacent to the gonf 1 hi:; rcsulte« ill severe scaling in

the roadways and difficulties wei» experienced when removing the Jail plllais in the line. It

v.as thus decided to change to a 45° extraction line to overcome these problems. The 1U un

difference between these three collieries and the other collieries extracting piliars in a

stralght line with continuous miners, is the numoer of roads per panel. The number of roads

OIl these three collieries varied between 11 and 13 in comparison with the 5 to 7 roads on the

other collieries. The larger the number of roads, tbe slower the retreat during pillar

extraction. The slower retreat can result in the pillars adjacent to the goat being exposed to

the higher stress for prolonged periods, causing pillar and bord deterioration Greenside

Colliery and Usutu Colliery are still using this sequence.

At Ermelo Mines, however, the 4SOlim~across ~i.1e11 to 13 road panels resulted in such long

tramming distances that the stooping angle was changed to a short 45° line consisting of two

to four rows of pillars (Chapter 5, Figure 5.2) and in adverse geological conditions to a 30°

stooping line (Chapter 5, Figure 5.3). These proved to be successful and are still being used.

These methods are discussed in detail in Chapter 5.

At Zululand Anthracite Colliery the pillars are normally extracted in a straight line, but a 4SO

stooping line is sometimes followed in adverse geological conditions or when the panel

geometries are distorted due to faulting.

These examples should indicate that when using continuous miners there is no right or

wrong angle. The angle of extraction depends mainly on the behaviour of the local strata,

while factors such as panel width and speed of extraction also play an important role.

All mentioned previously, whereas one pillar at a time is extracted with continuous miners, a

number or row of pillars is extracted slmultaneously in conventloual pillar extraction. If these

pillars arc extracted in a straight line, the full load of the overburden strata would rest on

these diminishing pillara as they arc adjacent to the goaf The other pillars would thus not be

able to offer any protection (Figure 7.10).
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ID'BgolI."c7.1.0 Convt'ntlonnl Pillar Extraction· Straight Lim)

It is for this reason that conventional pillar extraction is generally done at an angle. The

majolity of the collieries use a 4SOstooping line. The reason why an angled stooping line is

used in conventional pillar extraction is that every pillar being stooped is partially protected

by at least two other solid pillars (Figure 7.11).

,--- I--·M 1---
1 1 1 I 1 1
I 1 I I, 1_- ... 1 I I

D" r~-'
I 4U[J_ ..

1--- 1- .-
J 1 I 1
I I 1 j___ I I

1 _. - -
1 1
I 1
- __ I

lFig"re 7.U Protection ofPiIIllrs 011 a 45° Stooping Line
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As can be seen from Figure 11. Pillar 7 is protected by the barrier pillar and pillar 13, pillar Ii

Is partially protected by pillars 12 and 13. pillar 5 is partially protected by pillars 11 and 11~

etc. This configuration offers much more prctectlon than the configuration shown in

Figut2 7.10.

In addition to this, the gonf Ionuatlon is such that the stre; -es are distributed to the other

pillars instead of resting entlrely on the pillars being extracted due to the ability of strata to

bridge between intact pillars.

At Vryheid Coronation Colliery and Welgedacht Exploration, the U5e of tb~ 4SO stooping

line was not successfu~ a'2d the stooping line was changed to 30°, III the western area of the

Vrcde Section at Vryheld Coronation Colliery. the weak roof strata resulted in unstable

working conditions with the 45° stooping llne, These problems were significaNly reduced by

extracting every second pllla • This gave rise to the 30° stooping line at Vryheid Coronation

Collic'1' (Chapter 4. Figure 4.11) At the Utrecht Section of Welgedacht Rxplot'Ution floor

heave was experienced with the 4SO stooping line and the angle was also changed to 30° by

extracting two adjacent pillars. similar to the handgot method depicted in Chapter 4.

Figure 4.2.

Savmore Colliery constitutes one of the exceptions in conventional T,Jillar extraction as a

complete row of pillars is extracted in a straight line acr~ss {he panel (Chapter 4.

Figure 4.13). This is possibly as a result of the very competent sandstone roof coupled with

the extraction method of pillar splitting with fender destruction. In au' the methods

mentioned above, a complete row of pillars is extracted at a time.

Another exception to the 45° stooping line OCCUI'S at Vryheid Coronation Colliery and

Hlobane Colliery, At these two collieries the occurrence of floor heave necessitates that the

pillam nrc extracted in a straight line (Chapter 4, Section 4.2.4 (1»

At Hlob.U1C Colliery a,,'1 Alpha Anthracite Colliery an arrowhead configuration is used

(Chapter 4, Figure 4.12). This pillar extraction configuration. however, is not recommended

due to the high etrcsses on the lagging pillars and should be avoided as far as practically

possible.

A number of two and three dimensional computer simulation programs arc available to

simulate the stresses on the pillars for various mining layouts. Whr.n designing pillar
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extraction panels, it is recommended that strata control englnccrs usc one of the available
computer programs to slmulate tho alternative layoul~ in ordllf to determine the most
suitable pillar extraction layout. An example of one such simulation is shown in Figure 7.2.

7.s Complete Extractiolll or Pillult's

It is very important that pillars be extracted as completely as possible. The lower the mining
height, the mote critical this becomes. The support resistance of small snooks is often much
higher than anticipated and is responsible for load transfer onto adjacent fenders and pillars
as it !'.'UI prevent large areas from goaflng in the short term,

In the case of a strong overburden stratum, such as a massive sandstone, snooks could
prevent the stratum r~om failing thus causing additional load to be transferred to the
remaining pillars, This can result in premature pillar or fender failure, or in tbe failure of a
large area of roof strata which could result in the goaf overrunning the breakerllnes and
fenders.

In the ease of relatively weak rl)of strata, such as shales and iaudstones, 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 ncxt solid abutment which are the fenders 01'

pillars being extracted.

In addition to the safety aspects, the more snooks that are left behind in the goat, the lower
the percentage extraction. Small alterations in the design and milling method often lead to
considerable increases in the quantity of coal that can be extracted.

A 'mll1iilli' of liodorn Ii'GllotiD'AgaQ Sl11100ks llIll11ll1st.liJlil tJilEtGlIll hdo OCCOlillllt ",!hel111de!llgllllilllg

4&ae rauapocdl0l3 n:method:

(a) The size of the pillars and the :!.~I·dopxnelltmethod practised should be such that the
minimum amount of snooka of the smnllest possible size arc created.

(b) When the creation of snooks is unavoidable, and they cannot be extracted safelYI'they
should be destroyed if at all possible. The lower the minlag height, the more important
this is. This docs not apply to small snooks that crush readily and do not affect goaling.
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EVen if snooks are small enough to fail alter a period of time, they can offer sufficient
support resistance in the short term to cause stress transfer onto the pillars being
extracted. Failed snooks can be compressed and can offer em~ctivesupport resistance
even in the long term.

7.6 Pre·apHtthuc oCPiUarll ODd Pre-developmeGt ol1']\t·e,.iliiG:iI'll

As a number of pillars arc extracted simultaneously during conventional pillar extraction,
this applles mainly to rib pillar extraction and pillar extraction with continuous miners.

7.6.1 rubWaRBat JElItl'IlCtiO!l1

The number of fenders that can be pre-developed safelywill depend mainly on the geological
conditions and behaviour of the strata, but should be restricted tn the practical minimum.
Except when the geological conditions arc unfavourable, a certain amount of pre-
development is necessary to improve productivity.

Due to the lack of suitable roofbolr equipment to install roofbolts without removing the
continuous miners from the working face, the continuous miner can only develop a givcn
distance, specified by the systematic support rules or dictated by roof conditions l,nd

behaviour, before roofbolts have to be installed. During the development of two or more
roads this is not a problem as the continuous miner can be trammed to another roadway
whilst the Ioofbolting h; carried out. During fender development, however, this does not
apply.In order to prevent the continuous miner from.waiting until the roofboltlng in the first
fender development has been completec, the development of the second fender is started
durlag this period. This results in the second fender being partially, or fully, developed
before the fust fender is extracted.

As the rate of production during fender extraction is much higher than during fender
development, a number of f,!nders are often developed in advance, This gives rise to very
high production rates during the extraction of these fenders, However, it leads 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 to the
practical minimum to prevent premature failtlre of the fenders and possible goaf overruns.
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7.6,2 rmllll:' lEntll:'ntti<m with CootDnnGn!l Mlmter!l

When systematic support has to be instaUc,;': .tllring pillar splitting, it is often necessary to

start splitting a second pillar during roofbolt installation in the first pillar,

This pre-splitting of pillars should be restricted to the practical minimum necessary for

improving or maintaining the production. This will depend to a large extent on the
composition and behaviour of the local roof strata. If a number of pillars are pre-split in

advance, the partial protection by the adjoining pillars, discussed in 1,4 above, is reduced

considerably as the narrow fenders do not offer the same support resistance as the large

pillars, This could result in a situation similar to that of straight line conventional pillar

extrac' :)D.

The rate of retreat during pillar extraction should be as fast as is practically possible.

Salamon and Oravetz, 1976, confirmed this and recommended that the safety factor of

pillars in the slower retreating handgot pillar extraction should be larger than for

mechanized pillar extraction,

When the rouf go~!s adjacl "~~o a pillar, the stresses Oil the pillar are reduced considerably.

During the pillar extraction ot this pillar, as the pillar size dlminishes, these stresses increase

gradually until they reach a maximum ~r to goafmg. The longer it takes to extract the

pillar, the longer the diminishing pillar bu~ "uPI>0rt the load. This could lead to hazardous
mining conditions and premature failure of the remaining pillar,

The panel and pillar sizes should thus be designed to allow for the fastest practical rate of

retreat, The parameters will vary considerably between various coalfields and collieries as it
depends on the condition and behaviour of the local strata, the mining method and the type

of mining equipment used,

A number of factors a.ffecting the speed of extraction must btl taken into account when

planning pillar extraction operations:

(a) The number of roads per panel, and thus the number of plllars per row, should be ,)mall

enough to allow a fast retreat during pillar extraction. Table 2, discussed in 5 above,

Chapter 7 Guidelilles for PillaI' lind Rib Pillar Extractlon
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indleated that the rate of r' cat, using the data in Model 7.2, for a 11 road panel could

be less than half that of L.I I I • uad panel,

(b) The pillars should not be designed uunccessarily large as this will tesult in II slow tate of

retreat.

(c) The size and capaclties of the production equipment should "e taken into ccnsldcration

when desi[!tling pillar sizes and extractlon methods.

(d) 'the condition and behaviour of the local strata must be assessed be Core deciding on the

panel width, pillar size and extraction methods as this will, in addition to safety and

productivity, affect the rate of retreat.

7J1.1 Systemntic llUppOl't during development

The systematic: support on tbe various collieries differs vastly as it depends mainly on the

composition, competence and behaviour of the overlying roof strata.

When panels are planned and mined widl the aim of secondary extractlon, the systematic

support should be designed and installed to accommodate pillar eztractlon as far as

practically possible. If pillar extraction commences and the systematic support is found to be

ineffective, it is mote costly and unproductive to install addhloncl SUI'I.0rt at this stage than it

would have be ell to install adequate support daring development,

The condition and behaviour of the roof strata, including local experience, must be carefully

considered w~en systematic support for pillar extraction panels. is designed.

It ls of critical importance that faults, slips and other geological discontinuities be effectively

supported during tlle development phase. II such discontinuities arc not supported durlng

,the initial development and problems nrc experienced with these during pillar extraction, bed

separation has already occurred and ~he installation of roolboltn at that stage is no longer an

effective means of support.

Chapter 7 Guideline,s foil'Pillar and Rib Pillar Extraction
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-r111r can lead to hazardous mining conditions and loss of reserves if pUlars or portions of

plIlal'G cannot be extracted, TIlls in turn can result in high stre~~es on the remaining pillars

h' be extracted.

7.~.3 ShDcl1all !IIuppord

Mining at depths in excess of 200 • 300 metres can produce considerable sidewall spalllng as

the stress on the edges of the pillars is greater than the strength of coal. When mining at

:..IleSO or greater depths, some form of sidewall support will be necessary to prevent spalling

and to maintain the designed dimensions of the bords and pillars without restricting the

extraction of the pillars. Abutment stress created during pillar extraction, especially in thick

seams, can also cause spalling lind may in severe cases also require SOme form of sidewall

support, Spot bolting of the sldev,aU may be necessary in some coal seams where the coal

tends to form blocks which slide out.

Sidewall SUPPOl't should be installed as close to the working face as is practically possible to

prevent or control spalling, Practice has shown support to be most effective if Installed

immediately after the coal sidewall t. exposed. Supporting the sidewalls after spalling has

taken place is usually difficult and not as effective.

The type of sidewall support required will vary from one site to the next, but it is important

that the support should not inter for!' with the pillar extraction process.

At Springfield Colliery the WOOden dowels installed in the pillar extraction sections ab part of

the systematic support to conts ,n and prevent spalling proved to be 'very effective.

Fieicl trials were conducted on Majuba Collier" minit,g at a depth of 320 m, and Piet Relief

Colliery where the depth of cover ranges from outcrop to 580 m, During the trials various

typeu o£ support, ranging from rockbolts to wooden dowels were installed. 'the trials on both

collieries have ShOWl1 that wooden dowels are only suitable where minimal spaUin~. o,as

occurred. Their use :>D pillar corners is not recommended due to their inability to control

large amounts of fraeturlng and spalling, WhLre the support was installed timeously,
degradation of the pillar sides was minlmlsed snd rarely required further support (Hill, 1988

and Lear and Hill, 1989).
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Sidewall support is expensive and it will be advantageous for mines to conduct field trials to

determine the most suitable sidewall support for pillar extraction in their specific conditions.

1.11.4 BreulterHnc support

The different types of breakerlines and their advantages and disadvantages were discussed itt

detail itt Chapters 4 and 6.

Due to the factors discussed in these chapters, it is not possible to recommend specific or

general methods or patterns for pillar and rib pillar extraction, but the important factors

relating to breakerllncs and flngerllnes are the following:

(a) Breakerllnes should be installed as stiffly as possible. When installed properly, they

provide a line of high support resistance which prevents the goaf from extending into the

working area.

(b) Wherever possible, the breakerlines should be extracted once a fender or pillar has been

completely extracted, and the next breakerllnes have been installed in order to prevent

load transfer. The support resistance that can be afforded by a breakerllne should not

be underestimated as it can prevent large spans of roof strata from caving if left in the

goaf The narrower the scam, the more important this becomes.

(c) When the type and pattern of brcakerlines are designed, strata control engineers should

take into account the composition and behaviour of the local strata. The importance of

using local experience when assessing new designs or support methods cannot be over-

emphasised,

Pillar extraction can be more hazardous than normal bord and pillar mining and therefore it

requires strict operational control and proper training of the operating personnel.

The miners, team leaders, machine operators and persons installing and withdrawing support

should be properly trained before they start working in II plllar extraction section. They

should not only be taught the mining method and extraction sequence, but also the

importance of adhering to prescribed standards. The dangers of leaving snooks and deviating

from the extraction sequence should be emphasised.
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If pillar extraction has not been practised on a mine previously, it is recommended that,

apart from their normal training, the key personnel of the intended pillar extraction section

spend a number of shifts in a pillar extraction section on a mine with similar conditions or a

similar pillar extraction layout,

7.10 C:lIllclusiolllS

The design guidelines are based on the experience of the various collieries, their problems

and successes, and the research conducted by COMRO, individual mines and mining houses.

These facts arc itemised in these guidelines so that improved performance and safety can

result from pillar extraction operations.

Although strata control theories and principles were used to evaluate the validity of these

guidelines, the cost implications of the various mining layouts and pillar sizes were not

considered.

In the following chapter, the guidelines are applied to different mining scenarios to illustrate

the cost implications of different panel layouts, pillar sizes and extraction sequences. This

riot only serve to examine the cost implications, but it also veriflr' to some extent the validity

of the guidelines.

Cfaapter 7 GlIidttines/or Pillar and Rib Pillar Extraction
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!ECONOMIC OPTIl\USATION' OF PllLLAR ~XTilACTmN

In the previous chapter on the guldellnes for pillar and rib pillar extrection it is pointed out

tbat the behaviour of the overburden strata possibly is the most critiCilt factor as it also

affects the mining method, the type of mining equipment !Pal can be used, :"l1dthe support
required during development and pillar extraction. These factors therefore elso play a
critical tole in determining whether pillar or rib pillar extraction should be used as ~ means

of secondary extraction.

In addition to these strata related factors, the economics of the mining method is important

to determine if it is beneficial to do secondary extraction, and also to assist in optimising the

secondary extraction.

In order to do the cost comparisons and cost simulations, it was necessary to obtain adUt'!

costs from the mines who practised both pillar and rib pillar extraction. The costs used h.

this report are based on actual production costs during the period January 1991 to

December 1991. Due to the sensltivlty of some of the costs, it is not reported individually,

but the average figures are used in this report. When the COMSIM computer simulation

model if, used t ~determine the effect of certain changes on the production costs, the actual

average costs are applied to the base case.

In this chapter som..; of the design principles are applied to different panel layouts, pillar

sizes and extraction sequences to determine the effect on the production costs.

(, (
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3.2 PHial' Entrllction versus Ria. Pillar ElrtradiolIU

In addition to the strata related factors, it is also necessary to examine whether there are

economic benefits in practlsing either pillar or rib pil!£1rextraction.

Two major difficulties arc experienced when the economics of these lWO mining methods are

examined:

(a) A very limited number of collieries have employed pillar and rib pillar extraction during

the same time period. It is thus very diflicult to obtain reliable and objective cost

comparisons.

As the support requirements and the mining heights of the various mlnes 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) In rib pillar extraction the development and extraction of the pillars is one operation and

is reflected as such in both the production output and the production costs. With pillar

extraction, the development of a panel is done prior 1:0 the commencement of the pillar

extraction, and both the production output and the costs arc reflected as bord and pillar

mining. When pillar extraction commences, it docs not include any development, apart

from the splitting of the plllars, which normally result in higher production lind lower

support cosu,

In order to compare the costs of the two methods, it is therefore necessary to determine

the mean cost oC both the development and pillar extraction before comparing it with rib

pillar extraction •

.the average C!:t!tnp.tet.lpresent value of the total mining cost in Rand/ton for the various

continuous minor mining methods is given in Table 8.1. These are average costs of collieries

which have practised both pillar and rib pillar extraction, and are not necessary

representative of the total mining industry.

Chapter II Economic optimisation or pillar extraction
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'l'nhh: 8.1 Mining costs of different milling methods

Mining Method Estimated cost

in Rand/ton

--
130rd and Pillar Development 24.83

Pillar Extraction 23,66

Ave. Pillar ExtractiotliDeveiulhnetlt 24,25 II<

Rib Pilla; Extraction

I
24,38

.--- -
Derived by averaging the cost for bo' 1evelopmcllt aud pillar extraction; (It mllst be noted
tllut tile development is noml(~l/y done by a different crew to tha; doing the" ,'/'1rextraction.
Thls COtlhave all effect 011productivilY and titus Oil PI,;dUCtiOll casu.)

The following conclusions can be drawn frcm these figu.. ,:

(i) The production cost of pillar extraction (extl'acti-Jn/devclopment) is only 13 cent

per ton less than the cost tor rib pillar extraction. '; here is thus no significant cost

&dvallt~r,ein practising either of the two methods.

(ii) The produc.ion cost for development is approximately R 1,20 high!r t~,atlthat ~f

pillar extraction. This is mainly due to the higher cost of the system!:\.\c roolbolt

support necessary during development and the softer cutting ccndldons during

pillar extraction.

The most important selection criteria thus still remain the condition and behaviour of the

coal bearing strata and the mining equipment and method to be used.

Chapter IJ 'Economic optimisation of pillar extractlon
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as The Economic Oiltimi!laUoD 011' rune! WidUa

In tho previous chapters it has been stressed that the most important fact aI'S effecting pillar

size, and also panel width, is the condition and behaviour of the overburden strata, and the

mining equipment and method employed.

Quite often, however, pillars and panels arc designed without considering the economic

impact of such designs. The following example will be used to illu.trate the economic impact

of different panel widths and extraction sequences:

ModcllU

A C:)lUScam is situated 180 III below surface (to the base of the seam) is overlain by a 50 m

thick dolerite sill which occurs only 5m below surface, Continuous miners are to be used for

both the development and pillar extraction phases and the mining height Is 2,5 m and the

bard width Is 6 m, The panels are to be designed for pillar extraction and therefore the

pillars must have a minimum saCl.HY factor of 1,8.

If the conventional (Salamon) formula is used, it will require pillars of 17,34m square.

Using the squat pillar formula, the pillars would have to be 16,56m square. It is decided to

mine 18m square pillars (IS they meet the requirements of the sa{ety factor and can be

extracted effectively with the available mining equipment,

The panel width necessary to induce sill failure (using Galvin's formula) Is 192,5 m which will

require 9 road sections if the pillars are mined at 24 m centres.

The economic impact of the following alternatlves are to be determined:

(a) What is the effect of mining u single 9 road panel or two 5 toad panels ?

(b) What is the effect of extracting the pillars in a 9 road al1d in a .1 road panel in a str:tight

line and on a 4SOstool,i.ng angle 1

Chapter 8 Economic optimisation or pillar extraction
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3.3.1 Jl."ll'odmctivlty

The COMSIM computer simulation program was used to simulate the potential production

in a 5 and 9 road panel during the initial development and during pillar extraction, in a

straight line and on a 4SOangle, using one 12HM9 continuous miner and two 10 ton shuttle

cars. The simulations are based on three eight hour shifts per :'.4 hours, a machine

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 determine the trend

in the production output when the number of roads arc increased,S, 7 and 9 roads Were

simulated. The results are presented in Tables 8.2 and 8.3.

TuMe 3..2 Productivity During Development (13 ,n PIIInrs)

Number of headings 5 7 9

TOllSper shift 1253 1192 1179

Tons per face minute 3,73 3,55 3,51

Cont. miner utilization:

Cutting % 74,6 71,0 70,2

Shuttle car utilization:

Load & discharge % 49,3 46,9 46,4

Travelling % 23,5 29,6 31,8

Shuttle cars:

Total route dist.(klll) 128 212 304

(for two rows of pillars)
.

Tons/km travelled 67,3 58,S 53,2

Chapter. U Economic optimisation .,tpllIllt extraction
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'll'obllil3.3 Productivity During Plliar Extraction (Ill m Plllars)

Straight Line 45° Angle

-
Number of headings 5 7 9 5 7 9

Tuns per shift 1426 1372 1315 1412 1225 1122

Tons per face minute 4,25 4,08 3,91 4,20 I 3,65 3,34

Cont. miner utilization:

Cutting % 60,6 58,3 55,9 60,0 52,2 47,7

Shuttle cat utilizatiom

Load & discharge % 43,0 41,3 39,6 42,5 36,9 33,8

TravelUng% 29,2 34,2 37,5 31,3 43,1 48,8

Shuttle cars:

Total route dist.(km) 56 97 145 60 133 214l(for two rows of pillars)
Tons/km travelled 59,9 52,4 46,6 56.3 38,S 31,9.

The following conclusions can be drawn from the results presented In the. two Tables above:

(0.) OUting the development phase, the production output of a 9 road section is 74 tons per

shift (5,9%) less than that of a 5 road section. The travelling distance for the shuttle

cars, however, more than doubles which results In a 21% reduction oi the lons/km

travelled by the sbuttle cars. This will have an impact on the maintenance cost of the

shuttle cars.

(b) During pillar extraction, the difference In productivity when extracting the pillars In a
straight line and on a 4SOstooping Hue in a 5 load panel, is very small.

(c) When the pillars are extracted in I straight line, the production output of a 9 road

section is 111 tons per shift (7,8%) ,ess than that of a .5 road section. 'Ltc distance

travelled by the shi>ttll} cars, however, is nearly three times longer which results In I)

22,5% reduction of the tons/km travelled.

Chapter 11 Economic optlmlsatlon of plllnr extraction
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(d) The major impact is experienced when the pillars are extracted on a 45° stooping angle,

when the production output of a 9 road section is 290 tons per ahiC' (20,5%) less than

that of a 5 road section. The distance travelled by the shuttle cars, however, is nearly

lOur times longer which results in a 43,4% reduction of the tons/km travelled,

n.3.2 Cost c:ompndflolJl

In order to do cnst analyses for the various mining methods, it is necessary to break down

the production costs into fixed costs and variable costs.

The variable costs consist of items such as roolbolts, picks, and production bonuses. These

costs fluctuate directly with the production output. The fixed costs consist of items such as

salaries, depreciation and other overheads and is not influenced by the rate of production.

The variable costs therefore form a significant part of the in-section costs, but a much

smaller part of the total cost per ton mined, which Include all overheads,

In. continuous miner development (bord and pillar), the vs-riabte costs constitute

approximately 39,5% of the In-section costs, but only 16,6% of the total cost per ton mined.

In pillar extraction, the variable costs constitute approximately 31,6% I)f the In-section costa,
but only 12,8% of the total cost per ton mined. The total cost per ton will be used for ~ht.

purpose of llllalYSing the cos, implications of the mining methods shown in Table 8.2 and

Table 83.

The following assumptions have been made for the purpose of these cost analyses:

'" the optimum production during development is 1253 tons/shift ( as for the 5 road

development in Table 8.2)

the variable cost for development is 16,6% of the total cost per ton for continuous miner

development

the optimum production during pillar extraction is 1426tons/shift ( as f1t the 5 road

pillar extraction on a straight line in Table 8.3)

the 'Variable cost for pillar extraction with continuous miners is 12,8% of the total cost

per ton.

•

The comparative costs for the development of the 18 m pillars are summarised in Table 8.4,

and graphically presented inTable 8.5.

Chllpter g E:cclIomlc optimisation or pillar extractlon
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'JJ.'I.lRPRe8.4 Development Costs for the 18 m Plllars

No. of Tons/ Fixed Vary. Total Cost/
Roads Shift Cost Cost Cost Ton

(R) I (R) (R) (R)

5 1253 25947 5162 31109 24,83

7 1192 25947 4911 30858 25,89
9 1179 25947 4851 30804 26.13

'll'nlO!cn.5 Graphic Presentation of the Development Costs Ior the 18 m :pmlll'S

25.2 -- -.--~." . '".,.,."
<,. . '<; , ,

24.8 .....--- ...,. __ ~~_~5;.;.n:.::.o;.;;~;;;;s~.._~-.j
1170 1100 1190 1200 1210 1220 1230 1240 1250 1260

TONS PER SHIFT

These costs illustrate that even during the development phase of larger pillars, the number of
roads in a panel can make a noticeable difference to the production costs.

The comparative costs for the pillar extraction. of the 18 In pillars, in a straight line and on a
4';° angle, are summarised in Table 8.6, and graphically presented bTable 8.7.

Chapter B Economic optlmlsatlou of pllhll' extraction
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'.['!).1IJien.G PlIhW Extraction Costs fol' the IS In PlIInrs

-r+- --
No.of Angle Tons/ Fixed Vary. Total Cost/
Roads Shift Cost Cost Cost Ton

(R) (R) (R) I (R)

!
5 90° 1426 29421 4321 33742 23,66
7 90° 1372 '29421 4157 33$78 24,47
9 90° 1315 29421 3984 3340~ 25,40

5 45° 1412 29421 4278 33699 23,87
17 45° 1225 29421 3712 33132 27,05
9 45° 1122 29121 3400 32821 29,25

TuU,11ll3.7 Graphic Presentation ot the Pillar Ext.'nctlon Costs rot' the 13 m Pillars

23-t---...,-'---r----~-- r-," ~~-.,
1100 1150 1200 1250 .;300

TONS PER SHIFT
1450

It should be noted that the costs for extracting the pillars in a 5 road panel in a straight liM

and on II 4Sl are very similar. When cxtracUn~the pillars in a straight line, the mining cost

Chapter f1 Economic opthlllsliitlOIl 0: 11111111:'extraction
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for a 5 road panel is R 1,74 less than the cost for a 9 road panel. If the pillars are extracted

on a 45° stooping angle, however, the mining cost for a 9 road panel is R 5,38 higher that the

cost for a 5 road panel.

If the strata conditions and behaviour are such that a narrow or wide panel may be worked,

these production cost could assist in making a final decision on the mining parameters.

&.1 The Ecobomic OptiJI1!.1isntioDof' JIlillar Site

In the design guidelines a number of factors to be considered when designing pillar

dimensions were discussed. Two of these factors were:

(a) The pillars should not be designed unneccssarlly large so that individual pillars can be

extracted in the shortest possible time.

The size of plllars also has a significant effect all productivity as can be seen in Table 8.g

to Table 8.11.

(b) The number of roads per panel, and thus the number of pillars per row, should be small

enough to allow a fast retreat during pillar extraction taking the productivity during the

development phase into account.

The following mining seen ado will be used to demonstrate the effect of plllar size on

productivity and costs:

The 1_,ottom seam on a certain colliery has been mined extensively with bard and pillar

mining, and with pillar extraction in the areas where the upper seam is considered to be too

thin to be extracted economically. The bottom seam is situated 120m below surface; the

mining height is 2,5 m and the bard width is 6 m, The pillars in the bottom scam are mined

at 18 m centres, fanning 12 m square pillars with a safety factor of 1,83, The upper seam is

situated 85 m below surface and the average mining height is also 2,5 m, Due to the success

of developing and extracting the 12 m pillars on tile bottom seam, the mine decides to retain

these pillar dimensions for the upper seam. Due to the shallow depth of the upper seam, the

12 m pillars result in a safety factor of 2,58. At a safety factor of 1,8, however, the pillars

could be reduced to 9 In square pillars. What is the effect of mining unnecessary large plllars

on the upper seam ?

Chapter 8 EconomIc eptlmlsatlon oC plHlai' extraction
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(n) '.ihc12 In square pillars

Percentage extraction during development « 55,6%

The average percentage extr ..ction of the pillars during pillar extraction in South African

collieries is 70%. This extraction percentage will therefore be used to calculate tile tonnages

for pillar extraction,

Percentage extraction of the plllars » 31,08%

Total percentage extracdon e 86.68%.

(b) The 9 III square pillars

Pe .centage extraction during development", 64,0%

Percentage extraction of the pillars « 25,2%

Total percentage extractlon e 39,2%

The COMSIM computer simulation lltogram was used to simulate the potential production

for both the 9 m and 12 m pillars. The simulations Were done for a 7, 9 and 11 road panel

during the initial developlllent ~d during pillar extraction, in a straight line and on a 4,50

angle. The simulations are based on the following assumptions:

*

three eight hour shifts pet 24 hours,

one 12HM:9 coatlauous miner,

two 10 ton shuttle cars,

a machine availability of 80%, and

a continuous miner cutting rate of 5 tons per minute during development and 7 tons per

minute during pillar extraction.

The results Ior the a~we!opment are presented in Tables 8.8 and 8.9 and for the pillar

extraction, ill Tables 8.10 aud 8.11.

Cbupter 11 EconomIc optllllisation of pillar extraction
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TSlble 8.n l'roductlvlty During Development (9 Ill. Pillars)

,....
Number of headings 7 9 11

t-----
Tons pcr shift 1362 1362 1362

Tons pet face minute 4,05 4,05 4,05

cont. miner utilization:

Cutting % 81,1 si.: 81,1

Shuttle cat utilization:

Load & discharge % :..2,9 52,9 ~2,!1

Travelling % 20,8 22,8 I L4,1!

Sh uttle cats: I
Total route dist.(k1l1} 66 96 132

(for two rows of pillars)

1'ons/km travelled 109,0 96,7 86,7

'rablt E.9 J'roductlvity During Development (12 m PlIlal'S)

--
Number of headings 7 9 11

-
Tons per shift 1321 1320 1312

Tons per face: minute 3,93 3,93 3,90

Cant. miner utillzation:

Cutting % 78,7 78,6 78,1

Shuttle cat utilization:

Load & discharge % 51,2 51,2 50,9

Travelling % ~9 25,5 27,9

Shuttle cats:

Total route dist.(krn) 106 156 214

(for two l'OW3 of pillars)

Tons/k' I travelled 83,8 74,5 67,0

Chapter II Economic optimisation or pillar extraction
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Tile following conclusions can be drawn from the figures presented in the two Tables above:

(a) The rate of production with the 9:ttl pillars is not affected when increasing the number

of roadways from 7 to 11. 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 doubles whcn the number of roads arc increased from 7 to 11 ~hich

reduces the tons/km travelled by approximately 20%. This has an impact on the

maintenance and running cost of the shuttle cars,

(b) When the size of the pillars is increased from 9 m to 12111, the production rate drops by

~t';.lnS pCk shlft for a 7 road sectlon and SOtons per shift for a 11 r 'a(~ scctlon,

(c) The rate of production with the 12 m pillars drops by only 9 tons per shift when the

number of roadways is increased Irom 7 to 11. The total distance travelled by the

shuttle cars, lowcver, also more that doubles when the number of roads are increased

from 7 to 11 which reduces the tcns/km travelled by approximately 20%.

T%lIbJll n.10 Productivity During Pillar Extraction (9 m Plllars)

,

Straight Line 4,so Angle

.
Number of headings '/ 9 11 7 !) 11

1-'
Tons per shift 1632 1583 1530 1421 11.29 1128

Tons per face minute 4,86 4,71 4,55 4,23 3,66 3,36
Cont. miner utilization:

1Cutting % 69,4 67,3 65,1 60,4 52,3 47,9

Shuttle car utilization:

Load & discharge % 4".1 47,6 46,0 42,8 37,0 33,9

Travelling % 26,4 29,4 32,1 31,2 40,3 44,7

Shuttle ears:
Total route dist.(km) 30 45 63 40 77 116

(for two rows of pillars)

Tons/kIll travelled 84,2 74,9 67,1 63,6 43,9 36,6

Chapter 3 EconomIc optimisation of plllar extraction
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TnlllK0n.ll Productlvlty During Pillar Extraction (12 rn PlIIars)

.
Straight Line 4SOAngle

--
Number of headings 7 9 11 7 9 11

Tons per shift 1382 1341 1298 1240 1079 994

TOilSper face minute 4,11 3.99 3,86 3,69 3,21 2,96

Cont. miner utili7.ation:
Cutting % 58,8 57,0 55,2 52,7 45,9 42,2

Shuttle car utilization:
Load & discharge % 41,1 39,9 38,6 36,9 32,1 29,6

Travelling % 26,7 29,7 32,3 32,2 41,5 46,1

Shuttle cars:
Total route dist.(km) 65

j_:o
136 85 163 244

(for two rows of pillars)
'fons/lan travelled 69,3 55,8 53,1 37,0 31,0

_.

Contrary to the small diflcrences in the productlon output between tho different pillar sizes

and the number of roadways during the tievelt1tment phase, the differences (luring pillar
extrecdon are vast.

The following conclusions can be drawn from the fibt.res presented in [he two Tables above:

(a) When the pillars arc extracted in a straight line, the production output fllt the 12 m
pillars is 232 to 250 tons per shift (15,5%) less that that of the 9 m pillars. 'the distance
travelled by the shuttle cars is double, which reduces the tons/km travelled by 17,3%.

(b) When the pillars ate extracted at a 45() angie, tht.. production output for the 12 U1 pillars
is 134 to 181 tons per shift (12,7%) less than that of the 9 m pillars. the distance
travelled by the shuttle cars is double, which reduces the tons/Jon travelled by 17,3%.

ChIlpter n EconomIc optl.'tlsation of plllnr extraction
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The total cost per ton will be used for the purpose of analysing the! cost implications of the

mining methods shown in Table 8,8 to Table 8,11,

The following assumptions have been made for the purpose of these cost analyses:

*

the optimum production during development is 1362 tons/shift ( as for the 7 road

development illTab'~ 8.8)

The variable cost fOT development is 16,f% of the total cost per ton for continuous

miner development

the optimum productlon during pillar extraction is 1632tons/sltift ( as for the 7 road

pillar extraction on a str&igllt line in Table 8,10)

the variable co!;r for pillar extraction 'With continuous miners is 12,8% of the total cost

per ton,

Tuble S.12 Developmeut Costs tor the 9 m and 12 DI \%ar$

_.
IFixedNo. of Pill, Ton~/ Vary. Total Cost/

Roads Size S,1ift Cost Cost Cost Ton

(R) (R) (R) (R)

-'O.1-"
~

~ 9m 1362 28207 5611 33818 24,83I

9 9m 1362 28207 5611 33818 24,83

11 9111 1362 28207 5611 33818 24,83

~

12m 1321 28207 5443 33649 :?.5,47

12m 1320 28207 5438 33645 2.;,-+9

12m 1312 28207 5405 33612 25,62

The production rate differs by a maximum of only 50 tons per shift, and the production cost

for the 12 In pillars is only R 0,64 and R 0,79 per ton more that for the 9 ill. pillars. This,

however, amounts to a loss of between R 25 600 and R 31600 a month for a section

producing 40 000 tons per month.

C\l"'I,l{CI~8 E.:nnomlc optlmlsatlon or pillar extraction
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The cost implication during pillar extraction is much more significant and I.. shown in

Tables 8.13to 8.16.

Table 13.13 Pillar Extraction Costs for the 9 In PllIar!l

No. of AnGIe Tons/ Fixed Vary. 'l'oral Cost/

Roads Shift Cost Cost Cost Ton

(R) (R) (it' (R)

1-' .."-
7 90° 1632 33668 4945 38613 23,66
9 90° 1583 :13668 4796 38464 24,30
11 90° 1530 33668 4636 38304 2),03

7 45° 1421 33668 4306 37974 26,12
9 45() 1229 33668 3724 ' 37392 30,42
11 45° :1128 33668

1

3418 37086 32,88

Tuble 11.14 Pillar Extraction Costs (01' the 12 m PillArs

-.
No.ot Angle Tons/ Fixed Vary. Total Cost/

Roads Shift Cost Cost Cost Ton

(R) (R) (R) (It)

'7 90° 1382 33668 4187 37885 27,39
9 90° 1341 33668 4063 37731 2.8,14
11 90() 1298 33668 3933 37601 28,97

7 45" 1240 33668 3757 37425 30,18
9 45" 1079 33668 3269 36937 34,13
11 45° 994 33668 3012136~10 36,90

....__.-

Chapter 3 Economic optimisation oCpllilll' extraction
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These pillar extraction costs for the 9 in and 12 in pillars are graphically presented in
Table 8.J.:i and Table 8.16.

'll'UbllllUS Graphic Presentation of the Pillar Extrllction Costs for tho 9 m PilIarB

'll'.abllil a.16 Grapbic Presentation oftbll Plllar Extraction Costs for the 12 In PllIllrs

37·

zg
II: 33
uia.
(.) 32

~

34 .....'

313 .•.........
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When the pillars are extracted 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 9 m pillars, and if the pillars arc

extracted on a 4SO stooping line, the mining cost is R 3,46 to R 4,02 per ton higher. These

are signlficant cost differences which will have a large impact on mining profits.

a.s ConclusioBl!.!

'l'he production costs for pillar and rib pillar extraction on the collieries who practised both

of these methods arc very similar. It is therefore not possible to select one of these two

methods on an economic basis. The main selection criteria arc thus still the behaviour of the

overburden strata and the type of mining equipment available.

When larger pillars arc mined (e.g. 18 In pillars). the number of roads per panel can have a
significant effect on the productivity and therefore on the production costs. The number of

roads e}\ould thus be restricted to the practical minimum which will conform to the

requirements for increased productivity and strata control. If the pillars are smaller (e.g. 9 m

pillars), the number of roads has a vel')' limited effect on the production costs during the

development phase. During the pillar extraction phase, however, the production cost

increases substantially as the number of roads is increased. especially if the pillars arc
extracted on a 4SO stooping line.

Pillar size has a direct effect on the production costs as weil ,,~ the percentage Il)(tractlon.

Because the production cost for development is higher than that of pillar extrllrtioll', it could

be assumed that incre» ing the pillar size, which reduces the percentage extraction with

development and increases that of pillar extraction, would be the most economic option.

l'his 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

angle, also d:rring pillar extraction. It is therefore important to assess the production

potential of a mining method and to determine Its sensitivity to changes such as pillar size
and panel width.

Chapter S Economic eptlmlsatlon or plllur extractlou
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CON€:lr.1l]smNS ANllJIBCOMiMENDA'll'RONS

As a result of the vast differences in the geology, behaviour of the overburden strata, depth

of the scam below surface and mining equipment usc']; it is n"t llossible to recommend

standardised extraction methods.

Th" behaviour of the overburden strata and local experience in the coalfield are the most

critical factors to consider when designing pillars and panels for pillar and rib plllar

extraction.

Stooping methods used 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 guidellncs have been formulated.

The number of roads in a panel, the pillar size and the sequence of extracting the pillar all

have a significant effect on the productlvi'y and production costs. The economic impact of

the extraction method should therefore also considered during the design process.

Before designing panels fot, pillar and rib pillar extraction, all the relevant factors should be

considered carefully.

If stooping has not been practised on the mine previously, Ole experiences of other miues in

the coalfield or in similar geological conditions should be strdled and if possible, tue

stooping sections on such mines should be visited to obtain all relevant information.

The pillar shape and size should be designed to augment the exeactlon method, bearing in

mind the safety factor and the behaviour of the overburden strata during the stooping

process. Rectangular pillars are often more suitable than square pillars for certain extraction

methods.

/
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The panel width should be restricted to the practical minimum. If a wide panel is necessary
to cause a competent layer in the overburden to fail, two adjacent narrower panels should be
considered. Tllis will result in less pillars per panel and increase the rate of retreat during
the stooping process.

The stooping angle should be designed to suit the specific geological conditions on each
mlne, Although the majority of mines using continuous miners extract pillars in a straight
line, the behaviour of the local overburden strata m'\y require n 45° or 30° stooping line (e.g.
Ermelo Mines and Usutu Colliery). For conventional stooping a 45° stooping line Is
recommended, but local experience may indicate that a 30° stooping line is safer in some
areas (Vryheid Coronation Colliery and Welgedacht Exploration). In some areas on mines
where floor heave is a problem (Vryheid Coronation Colliery), a limited number of pillars
are extracted in a straight line.

It is essential that all pillars are extracted all completely as possible to prevent load transfer
onto the remaining pillars to be extracted as well us a toss of extractable reserves. EVen
small snooks can offer sufficient support resistance in the short term to cause stress transfer
onto the pillars being extracted. Failed snooks can be compressed ann can offer effective
support resistance even in the long term.

The number of pillars or fenders that nrc pre-split should be restricted to the practical
minimum necessary to augment the extraction process. Apart from the danger of premature
failure of the narrow fenders, the narrow fenders do not offer the same support resistance,
and thus not the same protection for the pillar being extracted, as the large pillars.

The rate of retreat during stooping should be as fast as is practically possible. The number
of roads per panel and pillar sizes should thus be designed to allow for the fastest practical
rate of retreat.

Unless it is not practically possible, stooping should commence as soon as the development
in a panel has been completed. This prevents the deterioration of the bords and pillars prior
to stooping.

Systematic roof support should be designed and installed to augment stooping as far as
practically possible. If stooping commences and the systematlc support is found to be
ineffective, it is mute costlyand unproductive to install additional support at this stage than it

Chapter 9 ConduslolllJ lind Rer.oUlUlcndntioll!l
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would have been to install adequate support during development. It is critical that faults,

slips and other geological discontinuities be effectively supported during the development

phase. If sidewall support is necessary due to depth or abutment stress during stooping, the

support should be designed such that it does not interfere with the extraction process.

Where stooping is conducted under overlaying, worked out scams, the possibilities of

dangerous quantities of water and gas being present in the overlaying seams should be

carefully considered and taken into consideration when the stooping panels on, the lower

seam are designed.

In addition to the strata and mining related factors discussed above, the economic impact of

the extraction method should be carefully considered. The panel width, l.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 extraction, b., also during the

development phase.

Chmpter9 Coneluslens and Recommendations
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