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CHAFTER-1

(Introduction to Underground Coal Mining)

1.1 Define mine and different miethods of minlng,

What is Coal ?

% Coal is a combustible black or brownish-black sedimentary rock, formed as rock strata called coal

SOImS.

& o combustible black ar dark brown rock conslsting chlefly of carbontzed plant matter, found
malnly In undergroond seams and used as fuel.

& Coal ie & fossil fuel, Tormisd (eom vegetatlan, sehich las been eansalidated between ather ok
strata and altered by the combined cllect= of pressure and keat over millions of years to form coal
soams, The energy we et from opal tedsy comes from
the energy thut plants shearbed from the sun milllons of years agn,

% Cuoal is classified lnto four maln types, or ranks: Peot, Lignite, Bituringus Coorl & Anthracite
Coal. The ranking depends on the types ond amounts of carbon the copl containg and on the
wmsaunt of heat energy the eaal ean produce.

Rack - Any natural combinaton of minesals; part of the eanh's erust
Example- Igneaus, Metamorphicand Sedimentary

Mineral - A naturally securring homogeneous suhstanes having delnlte physleal properties and
chemical conmposition &nd, if formed under Rvorable conditions, a definite crystal orm.

Or

a naturally securrlng Inarganke eloment or eompoend havisg ko orderly Internal steeeture and a
chamacteristle chemical composition, erystal form,and physical properties

All Minerals are not ares.

Some exanple- guartz, cilcive, sulfur and the clay minerals such as kapfinite and smectite eto

LECtrE fage () Wi riros g C0aE Wemng

Ore - A misture af ore minerals and gangue from which at least one of the metals can be seracted ata

profiv

All ares are minerale.

Emamyle-

Ore Mincral

Alumlnium Bauxite
Kaolinite [a fonn of clay)

Iron Haematite-Foe2(b3
Magnetite- Fed 04
Slderite- FelD3
Irnn pyrites: Fesd

Copper Capper pyritesLuFesi
Malachite-Col03, CulO}2
Cuprite-CuZlh
Copper glince-Cu2%

Lmne finc hlend fSphalerite -2nS
Calim ine-ZnC03
Zincle-Enil

Mine: an excavation made in the earth to extract minerals

Mining: the activity, scoupition, and industry cencermed with the extraction of minerals.

Mining enginesring: the practice of applying enginesring princlples to the development, planning,
operation, closure, and reclamation of mines,

Type ol Mineral resaurces-

1. Metallic ores: Metalllc minerals exhilit [pstre in thelrappearance and conslst of metals in thelr

chemlcal composition. those ores of the ferrows metals [irenmanganese,malybdenum, and fungsten], the
base metals [copper, lead, zlng, and tn)the precious metals {gold, silver, Use platinum group metals), end
the radisactive minerals [uranium, thaonum, and radiom].

2. Nowmwtallic minerals {also hnwwn as imdostrial minecalsj:
Non-metallle minerals are minerals which slther show a non-matallie lustre or shine b thelr ap pearanes.
Extractahle metals are not present in their chemicl composition. Limestone, gypsum, and mica are

examples of non-metillic minerals

3. Fossil fucls [ulso known as mineral feols]: the organic mineral substances that cin be utilized as
fuals, such as eonl, petrolewm, natural gas, eaalbed methane, pllsonite, and @r sands.

Scanned with CamScanner



Lecturer ngte on Underground ccal Mining

1.ii. Classify Underground Coal Mining Methods.

Coal Mining Method
A. Surface Mining B .Underground Coal Mining
Methods Methods
1.Bord and Pillar Z.Longwall Method 3. Thick Seam Mining 4.Horizon Mining
Method (i) Longwall Advancing (i) Horizontal slicing

(ii) Longwall Retreating  (ii) Inclined slicing
(iii) Blasting Gallery
(iv) Sub Level Caving
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6 Lecturer note on Undegground coal Mining

(2. BORD AND PILLAR METHOD)

2. |. DESCRIBE THE VARIOUS APPLICATION OF BORD & PILLAR METHOD.

APPLICABILITY OF BORD AND PILLAR METHOD —

The Bord and Pillar method is adopted for working.

1. A seam thicker than 1.5 m.

2. A seam free from stone or dirt bands. Stone or dirt bands, if present in a seam, can be easily disposed of for
strip packing in long wall advancing method of mining.

3. Seams at moderate depth,

4. Seams which are not gassy,

5. Seams with strong roof and floor which can stand for long period after development stage is over,

6. Coal of adequate crushing strength.

BASIC PRINCIPLE OF BORD AND PILLAR METHOD-

» The development of mine by the method of working known as Bord and Pillar consists of driving a
series of narrow roads, separated by blocks of solid coal, parallel to one another, and connecting them
by another set of narrow parallel roadways driven nearly at right angles to the first set. The stage of
formation of a network of roadways is known as development or first working. And these roadways
are called BORD or GALLERY .

» When the gallery are developed a solid block of coal is left surrounded the gallery are known as
PILLAR. The coal pillars formed are extracted after the development of the mine leasehold and this
later stage of extracting coal from pillars is known as depillaring. This method is sometimes called
room-and-pillar mining.

Pillar of unmined coal —__

~
X

Bord (tunnel)

Coal seam

v L a
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|2. BORD AND PILLAR METHOD|

2. |, DESCRIBE THE VARIOUS APPLICATION OF BORD & PILLAR METHOD.

APPLICABILITY OF BORD AND PILLAR METHOD =

The Bard and Pillar method s adopted for working

L A seaem thicker than LS m.

2. A gpam fren Irom stone or dirt bands. $ione or dfirt bandy, IF present g seam, can be easity disposed of for
#trip packing o long wall advancing method of minng.

3. Seams a1 moderate depth,

A, Seams which are not gassy,

5. Seamy with strong rood and Floar which can stand for long period after development stage |s over,

E. Coal af Adeguate erushing strength.

BASIC PRNINCIPLE OF BORD AND PILLAR METHDD-

= Tha development of mine by the method ol working known 2s Bord and Pillsr monsists of driving &
sarees af narrow roads, separated by blocks of solid coal, paralled to ane another, and cannecting them
by ancther st of narrow paralic] roadwarys driven nearly @ right angies to the first set. The stage of
farmation ol & retwork ol rasdways s knowh 23 developmend o Nrad sochng. And these rosdways
ara 3lled DOWD or GALLERY ,

= When the gallery are developed & aodid block ol enal s 1= surrounded the gollary pie kivown a3
PFILLAR. The coal pillars formed are extracted after the devebepment of the mine leasehold and tha
later siage of eatracting coel feom pliars s known a3 depillarng. This method is sometirmes called
raarm=and-pillar mining.
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DESIGN OF BORD AND PILLAR WORKING

The main elements of Bord and Plilar warkings are a1 follaws =
1. Size af the Panel

2. 3lze of the Barvier

1. Sizeof Plllars

L. Slze ol the Panel-

~ When developing 2 seam, sets of 57 galierles are driven which are separated from
ad|acent sets by a coal barrlerfomne wide pillar) this is known as panels.

# The main consideration In deciding the size of the panel s the incubation period of the
coal searmn. The size Is so fixed that the entire panel can be extracted within the
Incubation period without the accurrance al spentansous fire. The period In |ndlan
coalligids generally varles between 6 1o 12 months.

= The other lactors that Influences the size is the rate at which extraction Is done, With
high rates of extraction made passible by mechanization, the size af the panel can be
significantly increased.

# The extraction rate from deplllaring districts in Indian coallield averages about 250-300
tons per day per panel. Sametimes panel slzes are determined by strata cantral
considerallons

L. 5ize of the Barrier-

# The width of the barrier depends on the laad which it has o carry and its strength.
Greater the depth of waorking. wider is the barrierand also sofier the coal, the mare, the
width of the barrier. In practice, the width of the barrier enclosing piltars in @ paned is
usually the same as is the width of the coal pillars which are enclosed within the panel.

# |n deep mines the width of the bamrler may become quite large (up to 45 m] and 5o
during extraction they are thinned down ronsistent with safety. Too much reduction in
the width of the barrier is not advizsable as in that caza Lhe bamier may be crushed and
two goaves may be joined, thus encouraging salety.

3. 5lxe of Plllars-

The size of the plilars s influenced by the follawing:

1. Depth from the surface and percentage extraction [n the first workings or developmant.

1. 5rength of the coal: Seams with weak coal requine large pillass,

1. EHect ol atmasphere and escape of gas also Influence the size of pillars

4. The nature of the roof and floor; These influence the liability to crush and creep. A strong
roofl tends Lo crush Lhe pillar edges whilst a soft Noor predisposes it Lo creep and both calls for
large pillars.
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Lecturer note on Underground coal Mining

DESIGN OF BORD AND PILLAR WORKING

The main elements of Bord and Pillar workings are as follows —
1. Size of the Panel

2. Size of the Barrier

3. Size of Pillars

1, Size of the Panel-

7 When developing a seam, sets of 5-7 galleries are driven which are separated from
adjacent sets by a coal barrier{one wide pillar) this is known as panels.

# The main consideration in deciding the size of the panel is the incubation period of the
coal seam. The size is so fixed that the entire panel can be extracted within the
incubation peried without the occurrence of spontaneous fire. The pericd in Indian
coalfields generally varies between 6 to 12 months.

The other factors that influences the size Is the rate at which extraction is done. With
high rates of extraction made possible by mechanization, the size of the panel can be
significantly increased.

The extraction rate from depillaring districts in Indian coalfield averages about 250-300
tons per day per panel. Sometimes panel sizes are determined by strata control
considerations

. Size of the Barrier-

# The width of the barrier depends on the load which it has to carry and its strength.
Greater the depth of working, wider is the barrier and also softer the coal, the maore, the
width of the barrier. In practice, the width of the barrier enclosing pillars in a panel is
usually the same as is the width of the coal pillars which are enclosed within the panel.
In deep mines the width of the barrier may become quite large {up to 45 m) and so
during extraction they are thinned down consistent with safety. Too much reduction in
the width of the barrier is not advisable as in that case the barrier may be crushed and
twao goaves may be joined, thus encouraging safety.

3. Size of Pillars-

The size of the pillars Is influenced by the following:

1. Depth from the surface and percentage extraction in the first workings or development.

2. Strength of the coal: S5eams with weak coal require large pillars.

3. Effect of atmosphere and escape of gas also influence the size of pillars

4.The nature of the roof and floor: These influence the liability to crush and creep. A strong
roof tends to crush the pillar edges whilst a soft floor predisposes it to creep and bath calls for
large plllars.

IEd Lecturer note on Underground coal Mining

5. Geological Considerations: In the vicinity of faults, large pillars are required. Dip and
presence of water also influences the decision as to the size of pillars.

6. Time dependent strain: With time the strain goes on Increasing, the load remaining
constant and if the size of the pillar is not sufficiently large, then it may fail under the time
dependent strain, although initially it might be stable

2. Il. DESCRIBE VARIOUS LAYOUTS OF BORD & PILLAR METHOD

Some Types of Mines

Loar / a Sjope Mine
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6. Time dependent straln: With time the stroln goes on Increasing, the load remalining
constant and if the size of the pillar is not sufficiently large, then it may fail undar the time
dependent strain, although Initially it might be stable

2. Il. RESCRIBE VARIDUS LAYDUTS OF BORD & PILLAR METHOD

Some Types of Mines
Slape Mine
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= Paned is known a5 or als sematimas used todenote 3 district which |s separated from other district by
an artificial barrier of brick wall or by a natural Barier of mal,

= Extraction of ore from biock and pillar from during the development ano supparted by filling sormae
incombustible material live sand, mill @iling, bleck of granite eic. known & iopping.

= When maneral ks estrected fram an from an underground mine the vold space/goal s packed with
sund or other pathing matesinl whatever | corveniently and cheaply and svailable Insufficisnt
guantity this proceas is krawin 45 stening.

Fig-2.1.{Layout O Bord & Plllar Mathod)
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Tl bard and plllar system of minlng ean be done i three ways, aanelty:

1. Develop the entive pres lita pillacs amd thes extract the pillars narting frem the
baurdiry.

2. Develop the area Lo pooels and extrnct plllars sulissgquently panel-wise. This ks
called paned systom ol miming.

X Whale™ Filloweil by "heolen™ wolking in which lhe ming |s opened b Ty o lew
Heufings only sl dhereafier development gl depillaring go an simuolamnessly siseing Froom flie kondsey,
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The first system is attractive in that more number af working faces can be made nvailohle ond
thus mure number of miner can be given employment. Large output cun be quickly ballt up. In
the post this sysicm was practiced widely in indian mines and in certoin mincs with very fow
eoal cutting machines high outputs were otWained.

Bt this system lis the following dispdvantiges

7 A e pallurs bave o stund for o bong time belune they are eximcted, spuding tukes plice
and they pet weakened, Consecquently, they may get crushed amd there s the rsk of
premwire cullapse,

Ventilotion may be sluggish due o greater percentage of air leakage,

Trewtinwet of coal dist is coutly and diflicalt

Theee 18 greater fsk of fire spreading in the whale omine,

Coul dust explosion connot be comoined; if it ocours, it spreads iroughout the mine.
Crush wod creep cunot be locolized.

The work is seottered. Conseguently. the output per man-shifi is low.

VUVY YWY Y

Due to these disecdvaniage this syaten iy moi used trese duys,

PANEL SYSTEM OF MINING-

I (he Panel system of minding tie conl sesm s divided Into g number of penels
separited fram ane anober by salid hierer of conl
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Aclvaninges:

F Risk of loss of coul through spontuncous beatbing bs Uidied. In e event of fire occurmng,

the punel g b [sobuted from other parts of the workings Siralarly, explosions can be

Harvited w e punel of cceurmence,

Crushing of pillurs is gvoided.

Whole® wid *broken' workings can be done ot e same time Le., i one panel

dhevelopawend and in another punel depelburing cun be done an the garme e

Ventilation is lproved. Esicls puse] can be provided with lis separate intake and retem,

Abvo nuspber of wir stoppings ¢un be substantinlly neduced,

¥ Coitrol of subsidence is possible, By swaorking posiels of sub-critienl widih, magniiude of
auhsidence cun ba reduced,

# By suitable design uslng yield pillar techniques percentope extraction ean beimproved,

L

[

Disudvanisges:

¥ Cobsidernble amouni of coul is lost in burriers, Generully, In Tndian practice roughly 20%
af wol s Joet in the bamiern,

= Mare number of air crossings pre requined for ventilution purposes.

#  Each punel must have its own independint coul cunting machine and haulage,
Flitting{casy movment) of coal cutting muchine from one punel (o the other panel is ool
practicuhle,

¥ Crushing of burriers moy resull in Joining of two panely with eansequent spreud of fire
(T it exiseed [n any one of the pusels) and delayed and suddien subsidence.

SWINOLE® FOLLOWVED BY "RHOKEN" WORKINGS

The current fremd, hasever, is io open-oul e mine with as fow hendings ns possible (say three
to (ive] and retreat buck from the bouncdary, *broken® workings following the *whale’ witkings
{see fyrure) in sutnbbe sine panels,

This system is superior over others in the lullowing respects:

# Ventllation is effickent,

#  Coal dust treatment Is simpler,

# With intensive machine minlg high outpots can be obianed. Even nile opening o
stage high outputs cun be obtaimed using intensive mechandsation and outpyt per man
shilleOMS) can be high

# Orgundeation is simpler,

# Crush and premature cullapse of pillars s o remote possibality.

#  Huulage can be simpler,

# As ihe development i extruction of pillars go igether, sume ransport system as for
developmend can be used [or exteiction work slso n s reireating pussage.

# Control of fire s comparmiively easy.
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. iii. STATE AND DESCRIBE VARTOUS MACIHINERIES USED IN WORKING
FACE.

VARIOUS FACE MACHINARIES-

1. Load Houl and Dumber (LHD)

2, Side Discharge Loader (SDL)

3. Gathering Arm Londer (GAL)

4. Conl Cutting Machine (CCM)

5. Continuous Miner

6. Coal Drills Machine

7. Roof Bolting Drills

8. Belt Conveyor

9. MDCC (Medium duty chain conveyor)
10, HDCC (Heavy duly chain conveyor)
11, Scraper Loader

5 | leciurer note on Underground coal Mining

DEVELOPMENT

Development of bord and pillar workings involves drivage of a set of galleries in the seam cut
by another set of parallel galleries generally at right angles to them thus forming pillars
surrounded by bords.

The drivage of galleries can be done in one of the following ways:

[0 Manual drivage, this method is now almost non-existent.

LI Drill and blast, i.e., blasting ofT the solid and manual or mechanical loading.
[ ] Cut, drill and blast and manual or mechanical loading.

[0 Cut and load mechanically by continuous miners.

DEVELOPMENT BY BLASTING OFF THE SOLID-

L

In this method, shotholes are placed on the face by eleciric drills and coal is blasted off
thesolid, using P53 explosives.

On n face 4.2 m wide x 2 .2 m high generally 12 shotholes 1.5 m long each are dnilled
which yield 10-12 tonnes of coal per round of blasting and give a progress of 1.2 m.
Coal thus pot is hand-loaded. Blasting ofl the solid is especially suited for drivages in
steep seams in which use of coal cutting machines is dilficult,

%

Y

DEVELOPMENT WITH COAL CUTTING MACHINES-

# In the development of a panel with five headings on the strike, the headings are undercut
by a coal cutting machine and shot holes are then drilled and charged with explosives and
blasted.

# Blasted coal is hand loaded on to scraper chain conveyors which transport the coal from
the face (o a central belt conveyor.,

# The central bell conveyor conveys the coal Lo Lhe pit boltom,

# Each heading can be cul twice a shift, thus making a progress of 3 m per shilt,

Fligurs B4 | Arpest 8wl Brasws) Do Dol ey | Ardenany Brsifotyeds =UCT
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Fig. Development with Coal Conting Mching
# The equipments used ure coul cutting mochine, hand beld electric drill, chain conveyors,
amla ceniral bell conveyor which brings coal to a direct rope haubage installed in the main

dip of the district ta transport coal to the pil bottom,

DEVELOPMENT USING CONTINIOUS MINERS-

F Standund continuous miners can extract eoal ot o rate of up to 38 1ons o minute depending
upan the seam thickness. New, more pawerful continuous miners are highly productive
and are remmely contrlled being designed fora voriety of seams and mining conditions.

# These muke possible even fuller recovery of the avaloble coal, while removing the
machine opemior further from the working area.

¥ Following fipure shows o panel with five hendings on the sirike in 0 seam 8.53 in thick
dipping o1 1 in 14, The palleries were 4.8 m wide x 3 m high driven along the foor and
the pillars were 274 m £ 274 m from centre o centre. The miner cul the full width ol a
gollery in two seltings_ First, 2 59 m was cut gnd then the miner wos shifted to the next
position tn cut the other half of the gallery, the overlap being 30 cm.

_bevnueer e ap Ladermreaanad cosal Mg
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Fig. Development with continuvis miner & shuttle car

lm
-p-t-

# The conl cut by Continunus Miner and looded into n shuttle car, three of which wene
provided to o miner such thut when one was being Inuded the other woy discharging coal
on i the bell conveyor and the third was standing in “Queve” 1o be Jonded,
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DEVLOPMVIFENT WITH LD

¥ Coal seam. [ace xhall be drills by ooal drills ond extracted by solid hlosting.

# -5 explosive and delay detonator shall be used

¥+ The blusted coal from face bs loadesd by LHD & it shall drop coal into chain conveyor.

> Chain conveyor eirried the blasted coal ind diop [nio the belt conveyor, then the bell
canveyor shall rnspon the coal directly to surface.

L 1] 1
—— - (i~ T

imtank
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# The development hoed & pillar with conventional blasting and loading or tmospart with
Ciahering arm boder and r:huulq.- car commbination,

# This s apply where seam 2 5 0 3 m thick and neardy o lin 30) was developed with 6-7
hewding pamel,

# Punel lengih varies 1200m o 1400 m and pilter length varies 30 1o 33m,

# Initinlly fuce are cul by CCM , then blasting with convenbionil methed and finally by the
|mading oot operation by means of pathering arm loader:

# The liner mochine feeds alternatively two shuttle car which cury the coal and transfer to
bell conveyer,
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Fig. Dvevelopment with Guibering arm loader
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Lecturer note on Underground coal Mining

2.iv. DESCRIBE DEPILLARING METHOD WITH STOWING AND CAVING.

PILLAR EXTRACTION
» After pillars have been formed on the bord and pillar system, consideration has to be
given to the extraction of coal from the pillars; the operation is known as pillar extraction.
It is also referred to as depillaring, pillar-cutting or broken working.

> Basically pillar can by extracted by two method.

1. Depillaring by caving- the coal of the pillars is extracted and the roof is allowed to break
and collapse into the voids or the decoaled area, known as goaf. As the roof strata about the coal
seam break, the ground surface develops cracks and subsides, the extent of damage depending
upon depth, thickness of the seam extracted, the nature of strata, thickness of the subsoil and
effect of drag by faults.

2. Depillaring with stowing- Depillaring with stowing is a method of pillar extraction in which
the goaf is completely packed with incombustible material and in generally practiced where it is
necessary to keep the surface and strata above the seam intact after extraction of coal.

STOOKS-

In the process of depillaring a pillar is formed during development is split in 2 to 4 parts
depending on its size, these part of pillars are known as stooks. Then stooks are extracted one
by one.

METHOD OF EXTRACTION OF STOOKS-

Basically three types of method are used.
1. Attacking of entire stooks.

2. Half-moon method.

3. Fender (chowkidar) method.

1. Attacking of entire stooks-

Where roof is good, leaving a rib of 2m against a goaf, the sttoks are extracted from two side.

[Rib- A long raised piece of supporting material in particular]
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Far good ool stook s atacked from comer in hall moon fastdon, leaving 2m nb againsi the
poaf. At the end thesa rib ane thinned down as much o8 possible os per safety

GGOAF

GOAT

3. Eender {chowkidur) nyethed-

Faar badd rossl ||".'.'|I|I|=' ilihm X 10m e conitier aisd Jm nb ngaans poal e stisok i

itacked Fromm pwes sicle, ooy retoorm (e rilb are thinped o as moch as salety permits and o the end

the lendber i taken ouit by hall mood method

GOAT
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Lecturer note on Underground coal Mining

PRINCIPLES OF PILLAR EXTRACTION TECHNIQUES-

The principles of designing pillar extraction techniques are as given below:

I. Roof exposure at any one time should be minimal. In the Indian coalfields, where caving
is practiced, 60 - 90 m2 exposure is normally allowed.

2. The size of the panel should be such as depillaring can be completed within the
incubation period. This period commonly varies between 6 to 12 months.

3. The extraction line or goaf line should be so arranged as to facilitate roof control. In
practice a diagonal line, (Figure A) or step diagonal line of face (Figure B) is common.

[Goal Line- A line passing through all the comer of stook under extraction at a time is called
line of extraction or goaf line]
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(Fig. A) (Fig. B)

Diagonal or step diagonal line of face provides protection as the working places are
supported by solid pillars and also when the roof caves, there is less risk of goaf flushing
into the working races. It is also claimed that diagonal line of extraction helps in the
caving of the roof.

In the panels worked in conjunction with hydraulic sand stowing step-diagonal line of
face is preferred as it facilitates water drainage without flooding the working faces in the
lower level.

The single-lift extraction is limited to heights of 4.8 m or less. If the thickness of the
seam is more than 4.8 m, the extraction is done in multi-lifts and in that case hydraulic
sand stowing is insisted upon. Seams up to 4.8 m thick can be mined by caving in one
pass.

Whatever the method of extraction, the working area is systematically supported by cogs
and props.

In Special cases a steep diagonal line of face(Fig. C) or even straight line of face(Fig. D)
has been selected.
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S0 ; IN TECHNIOUES-
The principles of designing pillar extraction technigques are ns given befow;

1. Roal esposure o1 any oie tike should be minimal. In the Indian eoallields, where ciaving
is prictived, 6 - ¥ m2 exposure s aormally allowed.

2. The slze of the panel should be such as depillaring can be eompleted within the
incubation period. This perind commonly varies between 6 1o 12 months,

1, The extraction line or goal line should be so amanged as o faciliote mof contmdl, In
practice o dingonad line, (Figure Apor siep disgonal line of Mee (Figone B) i common.

[Goul Lle- A line possing through ol the comer of stook under extractivn at 8 time is colled
line of extroction or goaf line|
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DHagomal or step diagonal line of foce provides protection s the woeking places ane
suppared by solid pillars und lso when the mof coves, theee is less fsk of goaf flushing
into the working mces, It s also clabmed that divsonal line of eatroctien helps o the
caving of the maf,

# Inthe panels worked in conjunction with hydranlic sand stowing siep-diagonal line of
e is preferred as It fucilities water drainuge without Nooding the working faces inthe
lower level

¥ The single-lift extraction is himited o heighis of 4.8 m or les 1 the thickness of the
seam is more than 4.8 m, the extraction is done in multi-lifis and in that cise hydmuolic
sind stowing 1% Insisted wpan, Seams up to 4.8 m thick can be mined by caving in one
puss,

* Whatever the method of extraction, the working area is systemuticolly supporied by cogs
il prop.

¥ In Speciol cases a steep diagonal line of face{Fig. ©) oreven straight line of fMcelFig. D)
his been selecied,
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FACTORS INFEUVENCING CHOWCE OF PILLAR EXNTRACTION TECTINIOUES-

1. Thickness of the Seam If the thickness of the seam is 4.8 m or less, depilloring with
caving in one slice moy be done. In seams mone thon 4.8 m thick, pillurs most be
extracted in lifts in conjunction with stowing. The lifts ane normally 3 m thick or so. The
Iast Lift moy be up 1o 4.8 m high and could be extracted by stowing or coving.

. Depth of the Seam At grester depalis, the pillars must be Lrger smd they are extracted in
conjunction with stowing. Splits huve to, be driven on the sinke.

3, Ruol of the Seam For successful depilluring roal must cove regulurly. A ronf with

compressive steength of less than 500 kp/em?2 is oormally o cavable roof.

4, Incnbation Period of the Seam A coal seam with longer incubation perind may be
extracied in lager panels, To achieve the same eifect, i.e. 1o make the panel larger,
mechamization of operations is necessary In o seam with shorter incubation period so that
nete of extraction is increased.

5, Dvip ol the Seam In steeply inclined seams, specinl lechnigues of extrction have o be.

[
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Lecturer note on Underground coal Mining

COAL SEAM3TO4EMTHICK

Here pillar was divided into three stooks by driving by dip splits.

Each stooks was then extracted by slices from split gallery leaving nb against the goaf.
A steep goaf line of face was maintained.

After driving the slice to full length the rib is reduced as per safety permitted.

The working is supporied by wooden props and cogs systematically.

When the extraction of a slice was completed, timbers supports are withdrawn and the
roof was allowed to cave.
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TIICK SEAM-
» In thick seams the widespread practice has been to divide the pillars in four stooks (equal
quarters).

> Each stook was extracted by blasting off the solid. Afier the withdrawal of the timber the
roof was allowed to cave.

Lecturer note on Underground coal Mining

» Methods such as the above resulted in heavy losses of coal and quite often led to
spontaneous heating of coal.

7 Adverse strata control problems always existed and, in some cases, premature collapses
occurred. Hence, this method is not practiced these days.
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1 Und | coal Mini

DESCRIBE DEPILLARING METHOD WITH CAVING-

IN TIHIN SEAM-

» Depillaring in thin seams (say up to 3m thick) can be done with caving with diagonal
line of face.

The pillar formed during development a split into small pillar called stooks,

A gallery is driven in the pillar for this purpose is called split.

A pillar was divided into four stooks by driving dip and rise and strike splits.

As per CMR splitting of a maximum of four pillar, when pillar extraction is to begin.
Pillar shall be extracted as per the goaf line, goaf line shall be such as prevent extension
of a collapse or subsidence of the goaf.

Stooks were extracted by blasting off the solid and the blasted coal was loaded into tubs
Or COnveyor.

Area under extraction and upto two pillars shall be kept supports as per the approved
SSR( Systematic supports rules).

Once extraction of a stook is commenced , the extraction work shall be done as fast as
practicable and soon after completion of extraction , the support shall be withdrawn to
permit fall of roof.

No support shall be left standing in the goaf, if a reason a chowkidar or rib is to be left un
extracted , it shall be blasted so as not to prevent collapse of the roof.

On getting symptoms of fall of roof all persons shall be withdrawn to a safe place.

As soon as work of extraction in the panel is completed , it shall be sealed by closing
stopping and the roof was allowed to cave in.
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Following figure illustrates the sequence of extraction of pillars.
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Lecturer note on Underground coal Minin;

> Take example of 14.63m thick seam following figure illustrates the method of extracting
pillars by using stowing method.
» The dip of the secam is 1 in 6.

STOWING PIPE

SLICES |
UNDER -~ _
EXTRACTION -3

OIP1IN G

FIG: EXTRACTION OF PILLARS IN A THICK SEAM WITH STOWING

The scam was developed on bord and pillar method in two sections (a) along the floor,
and (b) along the roof with 1.82 m coal left in the roof.

The pillars were 24.35 x 24.35 m from centre to centre. As shown in given figure, a level
split was driven in the pillar to be extracted, dip and rise slices approximately 4.8 m wide
were then taken from the original level up to half the distance of the pillar.

After extraction of the slice the void was slowed solid with sand leaving a rib of 1.8 m.
The next slice was then taken and so on.

The diagonal line of face was maintained, the working face in the dip level being kept in
advance of the upper level face by half a pillar, i.e. by 12-15 m.

After the first lift of all the pillars in a panel was extracted and coal replaced with sand up
to a height of 2.43 m, the second lift was developed over the stowed goaf of the first lift
and was extracted in the similar manner followed by the third lift. The fourth lift was
extracted from the top section already developed initially, below which about 3 m coal
was left to form a solid floor.
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FALL OF RDOF

1. Local Fall-
# In depillarmy district , after supports have been withilrawn from an extraction area |
stook or slice) , the rool Toll called local full.
= It does not extended 1o the surface and mofl meks up to only a few meters break and il
up the gual,
# Local fall mkes ploce in 24 w0 48 hours of the withdrawal of support,

2. Premoture collopse-
# In depillarmg by caving, ofier extraction of o siok or slice te suppons are withdmwn
andd the ool (ll ocour in poaf faces after sometimes (s known as normal Tall,
# When sulficient large number of pillars i9 extracted the roof full is wnespected and
dangerous culled premature collapse.

3. Dver-riding pillur-
# If the pillurs are not strong enough, they may be crushed due 1o sudden heavy pressure
known as overriding pillar.

4. Main fall-
# When the goal of a caving district extends over a lurpe areq, the face in the poal reaches
the surface which is then crack ond sudden fall known as muoin Gl
# Muin fall occur comparatively shon ime.

DESCRIBE DEPILLARING METHOD WITH STOMWIN(G-

# Pillars in cool senms more than 4.8 m thick are normolly extracted in conjunction with
hydraulic sand stowing in lifts of 3 m or so. Stowing is adopted for better mof control and
s o precaution agninst spontaneois combustiom which are more frequent in thick seams.,
Also, stowing resulis in Improved percentage recovery, and conservation,
¥ Basically, the method of extraction of pillars with siowing is similer to that with coving
oxceing that-
i, The area of exposed ool ot any one time muy be slightly more than that exposed
with coving: with stowing the exposed are of about 100-150 m2 may be permited,
i, The line of extraction is usually kept step-diagonnl 16 facilitate dminage of water so
that working faces one niot Moeoded

# Tuke example of 14.63m ek seam following figure illustrates the method of extacting
pillars by using stowing method,
# The dip of the seam is 1 io 6.

STOWING PIPE

- SPLITS

sLices
UNDER
EXTRACTION  ~=S

OPTIN G

FIGE EXTRACTION OF PILLARS IN A THICK SEAM WTTH STOWDNG

# The senm was developed on bord and pillar methnd in two wections (a) along the Noor,
and (b) along the rool with 1.82 m coal lef in the rool.

# The pillurs were 24.35 x 24.35 m from centre 1o cenire. As shown in given figure, a level
splin was deiven in the pllilar i be extracted, dip and nse slices approsimately 4.8 m wide
were Lhen tuken from the original level up (o hall the distonce of the pillar.

# After extraction of the slice the void wos slowed solid with sand leaving a ribof 1.8 m.

* The next slice was then wken and so on.

# The diagonal line of foce was muintained. the working face in the dip level being kept in
udvance of the upper level fuce by half a pillor, ic. by 12-15 m.

7 Afer the Drst it of all the pillars in a pancl was extraciod and coal replaced with sand ep
1o o height of 2.43 m, the second lili wos developed over the siowed poal of the st Lif
nmd was extracied in the similur manner followed by the thind lift. The fourh lif was
extmeted from the lop section already developed initizally, below which abou 3 m coal
wits Jeft to form o solid Moor.
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Lecturer note on Underground coal Mining

SPONTANEQUS HEATING:
The process of self-ignition of coal due to auto oxidation resulting eventually in its ignition is
known as spontaneous heating.

INCUBATION PERIOD:
» It is the period between, when the coal is first subjected to condition favorable for
spontaneous heating and the time indication of heating.
» The incubation period changes from coal to coal and place to place
» For Indian coals the incubation period varies 6 months to 12 months.

INNUNDATION:
The sudden inrush of water and flooding into the mines and the overspread with water
everywhere known as inundation.

2. v. STATE PRECAUTIONS AGAINST FIRE AND WATER DURING AND
AFTER DEPILLARING-

STATE PRECAUTIONS AGAINST FIRE DURING AND AFTER DEPILLARING:

i.  Coal shall be worked in panels system with proper barrier, depillaring shall not started
without making isolation stopping and preparatory stopping.
ii.  Pilar extraction shall be completed within the incubation period.
iii.  Production need to speed extraction.
iv.  Minimum amount of coal left in the coal.
v. Inevery depillaring district shall be tested CO(white damp) at least once in 7 days,-.
vi.  Adequate and sufficient arrangement shall be made in every mine for early detection ,
control and extinguishing any fire.
vii.  Good construction and regular inspection of isolation stopping.
viii.  Regular air sampling and analysis to keep a waltch on condition of sealed off area.
ix. Not leave any coal in the goaf as far as possible.
X. No person shall light a fire or permit a fire to be lighted in any workings belowground.
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