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Surface Mining

A Surface minings a form ahiningin which the soil and the rock covering the
mineratepositsare removed. It is the other way of undergmuagdin which the
overlying rock is left behind, and the requireddemosiaare removed through
shafts atunnels.

A The traditional cesteapedexcavatiofalthough it can be any shape, dependirg o
size and shape of the ore body) that is used when the ore body is-ghpicedy pipe
veintype, steeply dipping stratifiecgular.

A Although it is most often associated with metallic ore bodfielbeeaopper,
Mamatwan and Sishenare), it can be used for any deposit that suits the igeometry
most typically diamond gigesy. Venetigoffiefontein aRithsch).

Suface mining is the predominant exploitation method worldwide

In the USA, surface mining contributes about 85% of all minerals exploitation
(excluding petroleum and natugas).

Almost all metallic 0(®8%) andonmetallic ord97%), and 61% of the coal is mined
using surface methods in the USA (Hartman and Mutmansky, 2002).

Primarily expensive transportation equipment), but generally results in:

AHigh productivity (i.e., high aatpotore).
ALow operatimmgsts.

ASafer working conditions and a ety
recordhan undergroumehing.



Steps of Surface Mining :

Operation:

[ Strip out overburden (becomes spoils)
[ Traditional surface mining methods fall into teatbgoaieés based on locale:

)} Mechanica¢xcavatiomethods

{ such aDpenpit (or Opecut or Opecast)Terrace; and Strip mining}.

Il) Aqueous methodsuch alacer and-situleaching (ISL)Solutiomining



Table Subdivided surface mimethods (Bohnit, 1992)

Method

Subclass

Method

Mechanical
excavation

Opemrpit (or Opecut or Opecastmining.
Terracenining.

Strip (flat terram)ning.

Contour strip (hilly terrain)ng.
AugeMining

GloryHoling

Quarrying

v > >y > D

Aqueous

Placer

Panning
Sluicing
Dredging
HydrauliMining

Solution

A Heap_eaching
A Insitu leachir(@SL)




(a) Open Pit Mine (b) Dredging

(c) Area Strip Mining (d) Contour Strip Mining

® 2005 Brooks/Cole - Thomson

Figure shows major surface mining methods



MINERAL EXTRACTION OPEN PIT

A Used whewrebodies lie near thgurface
A Largehole exposes therebody

A Wasteock (overburden) iemoved

A 2ndcheapest method, but has theestenvironmental
Impact.




Basic Concept

Although the basic concept of an opequpg Emple, the planning required to develop a large®ss RI
for surface mining is a very complex and costly undertaking. .

At one mine, it may be desirable to plan for blending variations in the ore so as to maintal
possible, a uniform faeethe mill.

At another operation it may be desirable to completely separate two kinds of ore, as forg®
grade deposit where one kitukiofebre must be treated by acid leach, but a secoridkiibkofe
must be treated by differesthods. f

than a sudden change in the oreitdepasmineral to Anmeral bearing material.

The ultimate pit limit andsthee of the pit ware therefore determined as much by economics and
engineering as by geological structure. Material that is relatively high grade may be left unrpmms's
awkward spot extending back too deeply beneath waste.

The typical large open pit mining opdratibas been in production for 10 years and more is of
under conditions that could not possibly have been foreseen by the original planners of the m

Metal prices, machinery, and milling methods are constantly changing so that theslargst lope
periodically reevaluated, and several have been completely redeveloped from time to ti
different kinds of mining and milling operations.

Sometimes the preliminary stripping of the waste overburden is contracted to frnms s
earthmoving. Mining is usually done bywdratkd electric shovels in the large operations, &
rubbetired diesel freemtd loaders in the smaller operations. Scrapers are sometimes used
situations. ‘

Large bucketheel excavatorstloé kind used in European coal mines have not been applied '
mining, because this equipment is best adapted to softer bedded-ly&lgtstedylat



Open pit Mining method

A Mine working open tostiméace.

A Funnel shaped é&ah ground, with ramp spiraling down along sides, allows moderately ceshede to be
A Operation designed to extract minerals that lie clasdaoethe

A Itisused whethe ore bodgnear theurfacandittle overburdénwasteockneedsoberemoved.

Altis usually employed to exploit-auréaze deposit or one that has a low statpping

A Wastss first removed, then the dnkerandoaded.

A Generally low grade, shallohoalies.

A Nonselective: all high and low grekesninel

A Miningate> 20,000 tons minedgai(tpd).

A It often necessitates a large capital investment butgenerally rggotsctiviiiighv operating cost, and gafetgonditions.
A Design issues:

Strippingverburden
Location of haokds

Equipment size of truckslaatd

c-cC:c:C:

Pit slope angle astdbility
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Haulage

Haulage is usually by truck, although railroads, inclined rails, and conveyor belts have been
used.

Theconveyance unloads directly into a primary crusher and crushed material is stored in
coarse ore bins prior to shipment to the mill.

Blastholes

Blastholes are usually drilled vertically fmppelfed, traokounted pneumatic or rotary drills
Bulk &plosives are loaded in the holes and large volumes of
ore are broken in a single blast.

Sometimes the drill holes are routinely sampled and assayed to help plan the position of the
shovels in advance of mining.

Blasthole assay control is especiallybldesiteen exploration data are incomplete or
lacking as in the case in the older pits which have long been mined past the limits of "ore"
used in original planning.



Mining Trucks

This is a photograph of lieBBérton (327 metric ton) haul truck.

This unit is powered by a 2750 horse power engine and weighs 443, 000 pounds (177 ton) .



Bench

Access
Road

Pit Bottom

Pit Bench

Bench level intervals

Bench level intervadge to a large measure determined by thehypeladr loader used, these are selected on the basis of the character of tt
manner in which it breaks upon blasting and supports itself on the working face.



Ground Lines

A) Section through ore body before
open pit operations start

Former Surface

Waste

B) Section through ore body
just as ore is exposed

Former Surface

C) Section through ore body as
ore production commences

Former Surface

D) Section through ore body as waste stripping
and ore production proceed.

Former Surface

E) Section through ore body as
mining continues

Former Surface

Waste Waste

F) Section through ore body as economic
limit of pit operations is reached

Figure: Opgrit mining sequence (for-gipeorebody)




Various opeipit and orebody configurations

Overburden Flat lying seam or bed, flat t¢Example platinum reefs, coal).
Massive deposit, flat te(Example ireore or sulphide
Ore deposits).

Dipping seam or bed, flat terrain

(Example anthracite).
Overburden

N

Recoverable by _ o ) )
shovel Massive deposit, high riExémple copper sulphide).

Possible recoverable
by dragline Thick bedded deposits, little overburden, fl§Es@maphe iron ore, coal).

Overburden ', == -

Ore

Advancing /5. -~
Benching

verburden

Advancing Benching



Terrace Mining

A Where the overburden is too tHiokthe floor of the pitéi, Theoreinclination) is too steeply dipphtg allowwastedumping
directly over the Elt (as is the case with a dragline and strip mining), it is necessanyteéoneseateyclic or cotinuous
transport (., trucks orconveyorsjo transport the overburden to where'it can be tippedrtatke previously mineaid.

A Itis a mu_ltbenchedsidewaySﬂovir_]I%method the whole mine mowe®rthe ore reservfomone end to thether,but not
necessarily in a single bench. The number of benches used is usually a functioexcdvet®ndepth and type of
machinery used (typically betweerd &t bench height aneB2 benches in therrace).

A Where steeply dipminorebodies are encountered, the modified method is most often appiadtygical 3wastebench
terrace operation with steeply dlpci)mgbody.ln this case, the pit dimensions are limited by seq@sure(pit length) and
available working aréfrmining and dumping faces) (pitlth).



Strip Mining

Used for neaurface, laterally continuous, bedded deposits such as coal, stratified ores such as iron ore, and surfiteitdeposit
bauxite).

When orebodies are flging and close to surface, it is sometimes economical to remove the oremrkytogexpose the orebody.

Strip minings ideally applied where the surface of the ground and the ore body itself are relatively horizontal anthastittacdet
and a wide area is available to be minedescddistaps.

C The surface soil is stripped off and stockpiled forrtatkzitagiibn.
C A stripping dragline with aboog or long reach shovelsoanenon.

The pits are shallower that-ppet mi ne s, a middcasth e d io v apden yninke aut panels. i

It is a very levost, highroductivity method of mining.

Typicalexamples of this type of mining are the larger tonnage coal mining operations in Mpumulanga.

Favorable conditions are:

U Relativelyhinoverburderf050mmaximuratherwisstripping ratimd costfstrippintpecometoohigh).

U Regular and constant surface topography and coal [@germmore than 20° variation from horizontal on the togicggaphy can
vary more since {stepping can be usedvelld but this is expensivapply).

U Extensive area of reserves (to give adequate lif OMiaine to cover all capital tepaymerits



Strip Mining:

The cheapest and safest method, but can have a sig
impact enanmentally on the surface.

Electric drills preparethe
overlying strata foblasting.

2) Removal of broken ore.
3) Removal of broken rock.
4) Extraction of upper orgeam.

5) Removal of uppeure.

The ore is close to the surface of the land (30m) but has one or more layeasdftiotkn top of it.

To mine the ore, these layers have to be taken off.



Strip Mining

(; Largescale continuobigckeexcavatore gainingppularity.

(; These large scale machines are defsignigd capacity output and are tremendzesighly
productive, and vexpensive.




St 'p'minihg Blast, scoop off rock overburden, and then
scoop out ore matefairlyshallow.

Economics of strip mining depend on shtgping

Large land area can be involved, especiallyfohbensitand
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"Strip mining" is the prcaaif mining a seam of mineral by first removing a long strip of overlying soil and rock (the overk
ismosicommonlysedomine coartarsand Stripminings onlypracticavhertheorebodytobeexcavatei relativelpearthesurface.

This type of mining uses some of the largest machines on earth, inelitiefexeekettors which can move as much as
12,000 cubic meters of earth per hour.

There are two forms of strip mining. The more common method is:

i) "Area stripping which isised on fairly flat terraiextactieposits over a large area. As each longstapated,

the overburden is placed iaxt@vatioproduced by the previtugp.

i)  "Contour strippintinvolves removing the overburden above the minerat feaataegn hilly terrain, where the
minerabutcropusuallyfollowghe contour of the land. Contour stripping fislloftedby auger mining into the hillside, to
remove more of the mineral. This method commonly leaves behind terracgdas.mountain

Among others, strip mining is used to extraichghegrhted sand in the Athabasca Tar Sands in Alberta. It is also common in co
mining. Bucketheel excavators are widely used for this purpose, however, they are prone to dammegsy anitlioeguafedollars to repair.



Schematic of strip coal mine

vty DIBIIINE pyriing and Blasting
e Overburden

- o ’ \ g - -
— ! Y —ed X

Coal strip mine in Wyoming

Dragline gathers overburden
or and “casts” it back onto spoil
ON o Ay, banks located behind the

CE

Coal Loading current working face

Figure from Hartman and Mutmansky, 2002.

ASignificant fper manmtnnedledw
A Mine rehabilitation ~ can be carried out
progressively atthe same rate as mining.




Mining Process

OPEN CAST
Drilling
SURFACE MINER Blasting Drill machines (rotary/percussive)
|
SMS, emulsion, Primer, Nonel, etc

Shovels, Draglines, etc

Hauling Froniend loader, etc
| IN-PIT CRUSHING & |

CONVEYING
Dumpers, Conveyors, etc
|

Coal washeri esé

DRAG LINE

Processing/Washing



Selection of Mining
Equipment

DifferentOCMachinery

Too Too Too Too To

Stripping Ration casefOpencast.
Lifeof the mine.
Infrastructusevailable.

Proposed annualtput.

Technologwailable.

Shovel Dumper
Dragline

Surfacéiner
BuckeWheeExcavator

arONPE

Inpit crushingSpreader



Glory Holing

(; This kind of operation is uncommon, as it involves a mine opening? at the surfaees fimmowbetlgyavityhrough raises
connected to adit haulaggdbeneath, and by tramrthiegore to the surface on the haeNade

(; The glory hole method is best suited to mining on a hillside, and irre%;ular deposits can be cleanly minedsiatraut dilution by
rock. Narrow veins havebeem e d by gl oryhol e; i nfhesecasesthefihol edobecom

(; The benches are mine@yaswork descends to bwttonof the deposit or to the hawlaggo that spectacular steep side walls
mayresult if the walls do not slough

(; Mining can be quite selective, anddgtéockis thrown on the surfdomps.

C The principal environtagobjection to the method is difficulty in reclamationof the surfa@red.the mine



Auger Mining

Auger Mining refers to a method of removing coal, clay, pksisqleate, oil
etc. from thin seams exposed in deep trenchesadis ingstrip mines.

The auger consists of two principal pieces.
The first is a cutting head, generally from
1.5 to 8 feet in diameter. It may be single or multiple.

The second is a prime mover, usually a skid mounted carriage, pro
mounting for the engine, drive head, and controls.

As coal arrives at the surface it is transported via a etirorey émoimt
end loader to a waithugk.




Quarrying

QUARRYING or Quarry Mining is usually restricteditoaiiring stone
prismatic blocks of marble, granite, limestone, sandstone, slate, etc.

These are used for primargtoaction of buildings or decorative facing materic
exterior and interior portions of buildings.

Quarries generally have benches with vertical
faces from a few feet to 200 feet in height.

Blocks are drilled and wedged free in adigghilye manner using time consu
and expensive methods.

Planning of the excavation is based primarily on geological factors such a9
attitude of bedding and joint systems.



Aqueous Extraction Methods

Depend on war or another liquid (e.g., dilute sulfuric acid, weak cyanide solution, or ammonium carbonate) to extract the
mineral.

Placer mining:
Hydraulic mining

Dredging mining
In-situ leaching (ISL)/ Solution mining

Undersea Mining

Placer and solution mining among the most economical of all mining methotsan only be applied to limited categories of
mineral deposit.



Placer mining

C Placedepositareconcentrationsheavymineralgjsuallwvithidoosealluviurthatcaneasiljpeexcavatedndwashed.
C Placer minerals such as gold, tin, and tungsten minerals, are of relatively high value, but the value sélfhregyldrerdopuettén
less than a dollar pebicyard.

C For deposits ofcsulow grade to be worked they must lxategan or near the surface of the ground, and should be only loosely
consolidated so that drilling and blastingecessdry.

C Placer mining affects large surface areas for the volumenohetésihighly visible and has serious environmental problems with
surface disturbance sindampollution.

C Placer minings used to exploit loosely consolidated digpositemon sand and gravel or gravelscontaining

gold, tin, diamonds, platinuntatiium, ogems.

There are two types of placer minring:

(i )(Hydraulic mining:
Generally used for weakly cementeslifeae ore deposits. Hydraulic mining of a placer gold deposit

Hydraulic kingitilizes a higiressure stream of water thiéeisted against the mineral deposit (normally but not always a plattary iinaed
causing its removal by the erosive actions of the water.

(ii )Dredging mining:
Generally used most often for reaadd and some nshore alluvial diamomding operations

Dredgingoerformed from floating vessels, accomplishes the extraction of the minerals mechanically or hydraulically.



Placer depos

>und surface
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Note:
Riffle box

High-pressure water line
(Header)

uses mercury

for gold
recovery

Figure shows Hydraulic mining of a placer gold deposit




HYDRAULIBANING

Hydraulic Mining involves directing- prieggure stream of
wateryia a MONITOR or nozzle, against the base of the pl
bank.

The water caves the bank, disintegrates the ground and
the material to and through dboxes, and / or jigs, and /
tables situateldwnrslope.

Hydraulic mining totally disturbs large areas and puts muig
into the drainagyestem.
Presenthhydraulicking is used primarily in Third World co!
It is closely controlled or pretiini the).S.




Dredging mining

Typical bucket-line dredge

www.timd.ihcholland.com

Figure from Hartman and Mutmansky, 2002.

"Dredging" is a method often used to bring up underwater mineral d&
Although dredging is usually employed to clear or enlarge |wate
boats, it can also recos@nificant amounts of underwater
relatively efficiently ahdaply.
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DREDGING

Large alluvial deposits are minetlodyng washing
plantscapable of excavating the gravel, processing it in the
Wasging plant, astdcking the tailings away from the dredge
pond.

A Dredge floats in water and digs the gravel by an
endless string of buckets. Coarse material is screened out
and dumped out the back. The fine material passes into a
series of sluices where the gadirered.

Several types of excavation methodsisee in
DRAGLINE and BACKHOE PLANTS

Dragline use in placer mining with washing plants is
limited to shallow digging depths. Its bucket is less
controllable on the bottom than the backhoe, and it is less
ale to dig into the bottom to clean up all the ore that may be
thereHowevert has the advantage of a loageh.

The digging reach of the backhoe extends toaass much
70 feet below the surface. It has the advantage of
relatively low first cost, excefieitityand an ability to
excavate hamdaterial.



Coal mining

The process extactingoalfrom the ground. Coal is valued doeitgy conteanhd since the 1880s,
has been widely used to generate gieStaetindcemenindustries use coal as a fuel for extraction of
iron fronron orend for cement production. ldnited KingdoemdSouth Africa, coal mine and its
structures are a colliery, a coalinaipg, and the abegeund structurés pit headin Australia
"colliery" generally refers to an underground coal midaitéd tB&te%;olliery” has been used to
describe a coal mine operation, but this usage is less common today.

Coal mining has had many developments over the recent years, from the early dalsgof men tun
digging, and manually extracting the coal on cartegernarggndlong walnines. Mining at this
scale requsdhe use afraglinegrucksconveyors$ydraulic jackadshearers.

METHODS OF EXTRACTION

Coal extraction methods vary depending on whether the mine is an underground mine or a surface
called open cast) mine. Additionallgaam thickness and geology are factors in selection of a mining
method.

The most economical method of coal extraction for surface mines is the electric shovel or drag line
most economical form of underground mining is the long wall, whicblasle tbla¢ runs along
sections of the coal seam.

Many coals extracted from both surface and underground mines requirecesspregaragon
plant.

Technical and economic feasibility are evaluated based on the following: regional geolog
conditionspverburderharacteristics; coal seam continuity, thickness, structure, quality, and depth;
strength of materials alamgbelow the seam for roof anddiabtions.

Topography (especiallydéitand slope); climate; land ownership as it affects the availability of land fol
mining and access;

Surface drainage patterns; groundwater conditions; availability of labor and materials; coal purch
requirements in terms of tonnage, quality, iaatatesind capital investment requirements

Surface mining and deep underground mining are the two basic methods of mining. The choice of ir
method depends primarily on depth, density, overburden, and thickness of the coal seam; seams rels
clo® to the surface, at depths less than approximately 55 m (180 ft), are usually surface mined.

Coal that occurs at depths of 55 to 90 m (180 to 300 ft) are usually deep mined, but in some cases sL
mining techniques can be used

For example, some weste S. coal that occur at depths in excess of 60 m (200 ft) are mined by the opel
pit methods, due to thickness of the se&tmiires (690 feet).

Coals occurring below 90 m (300 ft) are usually deep mined. However, there are open pit mir
operatios working on coal seams up fl@D0netres (1,000600 feet) below ground level, for
instancd agebau HambanlGerman
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UNDERGROUND MINING

Most coal seams are too dewjerground for opencast mining and require underground mining, a
method that currently accounts for about 60 percent opveahictitoal

In deep mining, tte®m and pillar or bord @itldmethod progresses along the seam, while pillars and
timber are left standing to support the mine roof.

Once room and pillar mines have been developed to a stopping point (limited by geology, ventilatic
economics), a supplementary versiomadmd pillar mining, termed second mietngabmining
commonly started.

Miners remove the coal in the pillars, thereby recovering as much coal from the coal seam as possible
wokK area involved in pillar extraction is called a pillar section.

Modern pillar sections use rernateolled equipment, including large hydraulic ripjeortsf
which can prevent ecageuntil the miners and their equipment have left a work area.

The mobile roof supports are similar to a largeatintagle, but with hydraulic jacks for legs.

After the large pillars of coal have been mined away, the mobile roof support's legs shorten and it is
withdrawn to a safe area.

The mine roof tydicabllapses once the mobile roof supports leave an area.

INTRODUCTION

In India, about 98% of underground output of coal is
obtained by Bord and Pillar method and barely
about 2% by longwall methods. The other
countries where Bord and Pillar method
predominates are Australia, The USA and South
Africa.

The key to the successful Bord and Pillar
mining is selecting the optimum pillar size. If the
pillars are too small the mine will collapse. If the
pillars are too large then significant quantities of
valuable material will be left behind reducing the
profitability of the mine.


https://en.wikipedia.org/wiki/Room_and_pillar
https://en.wikipedia.org/wiki/Retreat_mining

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 .

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.




CLASSIFICATION OF BORD AND PILLAR
MINING SYSTEM

o Develop the entire area into pillars and then extract
the pillars starting from the boundary

o Develop the area into panels and extract pillars
subsequently panel wise. This is called panel
system of mining

o “Whole” followed by “broken” working in which the
mine is opened out by a few headings only and
thereafter development and depillaring go on
simultaneously

DESIGN OF BORD AND PILLAR WORKING

The main elemenis 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

o 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 period without the occurrence of
spontaneous fire. The period 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. O




2. SI1ZE 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 more, 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 two goaves

may be joined, thus encouraging safety. .
. .
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Figure 6.3 : Panel system of bord and pillar mining




3. SI1ZE OF PILLARS

The size of the pillars is influenced by the following:

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

o Strength of the coal: Seams with weak coal require large
pillars. Effect of atmosphere and escape of gas also influence
the size of pillars

o 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 both
calls for large pillars.

> 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.

o Time dependant 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
dependant strain, although initially it might be stable

Si1ZE OF PILLARS

Also, with the passage of time, weathering takes
place which reduce the strength of coal pillars. In
India, the dimensions of pillars and the width and
height of galleries are regulated by Regulation 99 of
Coal Mines Regulation 1957. It is stipulated that the
width of galleries shall not exceed 4.8 m and the
height of the galleries shall not exceed 3 m. For
width of galleries ranging from 3 m to 4.8 m, the
dimensions of pillars for various depths of working
are given in table -



SI1ZE OF PILLARS

Depth of the seam
from the surface

Where the width of galleries does not exceed

3m

3.6m

4.2m

4.8m

The distance between centers of adjacent pillars shall not be less than

(in m)
Not exceeding 60 m 12 15 18 19.5
Between 60-90 m 13.5 16.5 19.5 21
Between 90-150 m 16.5 19.5 22.5 25.5
Berween 150-240 m 22.5 25.5 305 345
Between 240-360 m 28.5 34 39.5 45
Exceeding 360 m 39 42 45 45

Dimension of pillars and galleries at different depths =

SiIzE OF PILLARS

It may be seen that the pillar size increases with the
increase in depth as well as with the galleries. As the
depth of the working increases the strata pressure
increases, the rate of increase being 0.2306 kg per cm2
per meter depth in Indian coalfields. Naturally, therefore,
to support the increased strata pressure, the size of the
pillars must be increased with depth. With the increase
in width of galleries, the percentage extraction is
increased which in turn results in greater strata pressure
per unit area of solid pillar. To counteract that, the size of
the pillars again requires to be increased with the
increase in the width of the galleries. Percentage
extraction in development at different depths are shown .
in table -




Si1ZzE OF PILLARS

Depth of seam from Where the width of galleries does not exceed
surface

dm 3.6m 4lm 48m
Not exceeding 60 m 437 422 412 43.17
Between 60-90 m 39.53 398 384 40.5
Between 90-150 m 33.06 335 338 3
Between 150-240 m 248 26.2 25.6 25.9
Between 240-360 m 9.95 19.7 20.1 20.2
Exceeding 360 m 148 164 178 19.0

Percentage extraction in development at different depths o

BASIC PRINCIPLES OF PILLAR DESIGN

Pillar are insitu rock remnants left between adjacent
underground openings. Rock pillar mainly serve as
underground supporting element in large underground
space. Without pillar it is very difficult to ground weight
of overburden material or withstands lateral pressure in
deep underground opening .

pillar design is essential exercise foir mining
engineer for estimating factor of safety of underground
working during development and depillaring . The pillar
is design is carried out for both underground coal and
metal mine. Conventional theory proposes that local
stabilty is ensured if pillar strength exceeds the stress
place on it .




The ratio of pillar's estimated strength to the pillars
siress is expressed as the factor of safety. In order
to estimate the safety factor , pillar strength and
pillar load have to be known . The process of
designing pillars involves determining there proper
size according to the accepted load on the pillars.

PILLAR STRESS — pillar stress may calculated
from the beam theory , numerical methods or photo
elastic techniques, but it is most commonly
estimated by the Tributary Area theory .

Tributary Area Concepr: According to this concept. a pillar takes the weight of overlying rock
up to a distance of half the opening width surrounding it. In the figure, W, and W), are widths of

the opening and pillar respectively, while L), is the length of the pillar. For square pillars. W,
=L,

Wo

>

Fig No 3. The tributary area pillar loading concept
(Source: Bieniawski, Z. T., 1984)



The load on the pillr, P, s, therfore,
P=(Lyt Wy ) X(W 4 W)y x gk

Where g isthe weight ofthe rock per uait volumme, and 15 the depth of the pilla. The strss on
the pllar opis:

o =PAwaofpilr=((L, + W) (W 4 W) yx g xh) (L, + W)

)

=((Ly+ W)X (W4 W) x oLy + W]

Where g, s the verticalstress ygh. Another formuula that works i

gy LUXIX[(Ly + W)X (W + W)/, 4 W)




PILLAR STRENGTH

Pillar strength has been a subject of research of
many years with analytical formulas and
Increasingly numerical methods used to estimate
the strength of a pillar based on the geometric
shape , mining height and material strength . The
most common feature of many these formulae is
that they define the coal pillar strength in relation
between width and height of the pillar. The most
common formula are in form of

R
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EFFECT OF SIZE OF PILLAR ON STRENGTH

Coal strength can be determined by laboratory and in-situ
tests. The coal strength obtained from laboratory is
usually larger due to smaller size of specimens . This is
generally attributed coal contain natural discontinuities
which have an effect in its strength. Larger specimen
size the more cracks or fracture results smaller in
strength . So this test not give correct results

Bieniawaski (1968) performed aseries of in-situ
tests and found that for cubical specimen the strength is
decreases with increase the specimen size . And
become constant when it reach size of approximately 5
ft. for coal this means specimen may represent the
strength of insitu coal pillar . Thr grph is as follows -
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Figure 8.6: The relationship between the size and the strength of the specim

(Bieniawski, 1968)




SHAPE EFFECT

o In addition to the size effect coal strength is also
found to depend on specimen geometry or shape
effect . It is the ratio of diameter or width to height of
specimen (Evans et al obert Duvall 1967). The
shape effect was said to be a result if constraints
imposed in pillar through friction or cohension by
the roof and floor which ib turn to increse the
confinement to the core of the pillar . Thus strength
of pillar will increses . Das (1981) has conducted
laboratory investigation on various coal specimen
having different width & heightratioo. And it is
concluded from the investigationthat pillar strenght
increases with increasing w/h ratioof specimen as
shown in fig .
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PILLAR STENGTH FORMULAE

o Over a year many pillar strength formulae are
developed these are as follows —

o Holland —gaddy Formula — Holland (1964)extended
gaddy’s work (1956) and proposed a formulafor
pillar strength as below

g v,
P h

o K is gaddy constant and the unit of wp & h is
expressed in inch.

o This formula well being work for a coal pillar safety
factor with a wp/h ratio 2 to 8.

o Holland formula -
In 1973 holland provide a formula —

- = ooy
< KJw,
4 /1

Recommaded safety factor 2 to 8

Salamon - munro formula (1960)- after coalbrook disaster
salamon and munro analysed 125 case histories involving coal
pillar collapse in south african coalfields and proposed that the
coal pillar strength could be adequately determined using the

W w™
S, = 13205 S, =72=55
h (English units) or h (S! units)

The safety factor using this formula is 1.6 ranging b/w 1.31 tg 188



o Bieniawski Formula - This formula is based on
Iarge scale testing of in situ coal samples in south
africa ans in USA ans is expressed as -

[ \
) .s'.Lo.ouo.}b‘-"-)

h

Recommanded safety factor 1.510 2.0

o CMRI Formula
Hiw )

$=020h"" +— -~IJMI’;1
160\ A

§ = Strength of pillar

a,= Uniaxial compressive strength of coal
W = Width of pillar

h = height of gallery

i = Depth of seam




Long wall Minip

Long wall mining accounts for about 50 percent of underground production. The longwall shearer has
face of 1,000 feet (300 m) or more.

1

It is asophisticated machine with a rotating drum that moves mechanically back and forth acros:
wide coal seam. The loosened coal falls onto an armored chain conveyor or pan line that takes
coal to the conveyor belt for removal from #eavork

Longwabystems have their own hydraulic roof supports which advance with the machine as mini
progresses. As the longwall mining equipment moves forward, overlying rock that is no lon
supported by coal is allowed to fall behind the operation inraaomgrolled

The supports make possible high levels of production and safety. Sensors detect how much ¢
remains in the seam while robotic controls efiiltaoey.

Longwall systems allow-80800 percent coal recovery rate when surrounding geclaggiall

use. Once the coal is removed, usually 75 percent of the section, the roof is allawed to collapse
safe manner

Continuous mining

It utilizes a Continuous Miner Macthireelarnge rotating steel drum equipped with tungsten carbide
picks that scrape coal froraghmn.

Operating in a "room and pillar" (also known a@sd"pdlar") systénvhere the mine is divided
into a series of-2880foot (510 m) "rooms" or work areas cut into thedcibathedmine as
much as 14 tons of coal a minute, more thanexmamsed mine of the 1920s would produce in
an entire dagontinuous miners account for about 45 percent of undengroduncticoal

Conveyors

Transport the removed coal from the seam-deetralted continuous miners are used tcawork in
variety of difficult seams and conditions, and robotic versions controlled by computers are becor
increasinggommon.

Continuous mining is a misnomer, as room and pillar coal mining is very cyclical. In the US, one
generally cut 20 feetn@ers) (or a bit more MiEHApermission) (12 meters or roughiy 40 ft


https://en.wikipedia.org/wiki/Longwall_mining
https://en.wikipedia.org/wiki/Continuous_mining
https://en.wikipedia.org/wiki/Conveyor_system
https://en.wikipedia.org/wiki/Mine_Safety_and_Health_Administration

South Africa before the Continuous Miner goes out and the roof is suRoat&bhgnhafter
which, the face has to be serviced, before it can be advanced again.

T During servicing, the "continuous" miner moves to another face. Some continuous miners can bol
rock dust the face (two major components of senieiogiting coal, while a trained crew may be
able to advance ventilation, to truly earn the "cdatielious”

T However, very few mines are able to achieve it. Most continuous mining machines in use in the
lack the ability to bolt and dust. Thigpandy be because incorporation of bolting makes the
machines wider, and thereforanbessuverable.

Room and pillar mining

1 Consists of coal deposits that are mined by oetivaylaof rooms into the coal seam. Pillars of
coal are left behind in order to keep up the roof. The pillars can make up to forty percent of the
coal in theeam,

1 There was space to leave head and floor coal there is evidence fromasicertasioes
that 18tltentury operators used a variety of room and pillar techniques to remove 9fpercent of the
situcoal. However, this can be extracted at a |latsestagegmininy

Blast minig or conventional mining

T Itis an older practice that agplbsivesuch aglynamitéo break up the coal seam, after which
the coal is gathered and loaded onto shuttteocesesyors for removal to a central loading area.

T This process consists of a series of operat
easily whehlasted with explosives. This type of mining accounts for less than 5 percent of tot:
underground production in titeda$.

Shortwall mining

T Itis a method currently accounting for less than 1 percent of deep coal production, involves the u:
a continuous mining machine with movable roof supports, similar to longwall. The continuous
shears coal panels 150 to 200 feet (45 to 6D wtresmd more than arhédf (1 km) long,
having regard to factors such as geaciogtaal


https://en.wikipedia.org/wiki/Room_and_pillar
https://en.wikipedia.org/wiki/Retreat_mining
https://en.wikipedia.org/wiki/Rock_blasting
https://en.wikipedia.org/wiki/Explosive
https://en.wikipedia.org/wiki/Dynamite
https://en.wikipedia.org/w/index.php?title=Shortwall_mining&amp;action=edit&amp;redlink=1

Retreat mining

1 Thbis a method in which the pillars or coal ribs usedtte hoideupoof are extracted; allowing
the mine roof to collapse as the mining works back tewteds¢he

T This is one of the most dangerous forms of mining, owing to imperfect predictability of when the ro
will collapse and possibly cruséypoworkers in tingne.

Ore Formation

Magma is the principal material of the lithosphere responsible for formation of rocks as well as variou
deposits of all kinds. The formation of valuable ore deposits which are the potential sdurce of meta
minerals have been deposited by various geologic processes. Geological processes leading the follc
ore deposits : Hydrothermal;, magma crystallization; pegmatitic ;contact metamorphic depos
metamorphic deposits; pliegosits.

Majority of oreofmations are based on hydrothermal process

Cavity Filling The process of cavity filling has given rise to a vast number of mineral deposits of di\
form and size. The Vein deposits resulting from cavity filling may be grouped as follppisidissure veins
a tabular ore body that occupies one or more fissures: two of its doneosioggester than the

third) shear zone deposits, ( thin sheet like connecting openingsra shear

Stockworks, (interlacing network of small ore béaletgytvaversing a mass ofgaekidle reets,

ladder veins, and e pl ac e me nt q\Charaoteristios MVeinvdepositd irkclude gyold, silver,
copper and leadhc. Veins range in thickness from a few centimeters to 4 meters. They can be sevel
hundreds of meters long and extend to depths in excesgetdrs,500

Morphology and Relationship with Host Rocks

Mode of occurrence of an ore deposit is important from the mining point of view. Sedimentary ore dej
are roughly tabular, netisérs occur in a variety of forms.

In replacement deposits knowledge of the form, as also of the internal structure and its relationship wi
enclosing rock is important.


https://en.wikipedia.org/wiki/Retreat_mining

Form the point of view of form & structure, ore depositasadigthénto two broad groups:

Syngenetic deposits

Which have formed at the same time as the rock in which they occur. They are sometimes part o
succession like an ineh sedimentary horizon.

They have formed by the same process and aetlimsaas the enclosing rock, and Epigenetic
depositswhich are believed to have come into being after the host rock in which they occur, e.g. a vei
a dyke.

They have been introduced inBxsteng country rock after its formation

Worked 175
inlength
f\ngular wein

Morphologynd Relationship with Host Rocks



Regularly shaped ore bodies

Regularly shaped-bozlies are of two typésbular and notabular.

a)Tabular ofeodies: These are extensive in two dimensions but have a restricted third dimension. To t
category belong the veins and lodes. Veins are considered to have resulted mainly from the filling of
spaces, whilst the formation

lodes was due to extensive replacementxibiprg rock. Since such a genetic distinction is often
ambiguous, &lbular orbodies are generally referred to as veins.

Veins are often inclined, and in such cases one can speak of hanging walls and foot walls.

b)These are relatively short in two dimensions but extensive in the third. Wheiwveridtalalthewsub
are calledipesorchimneys When horizontal or-salizontal they are cateahtos

Irregularly shapeodre-bodies:

Irregularly shaped-boglies are of two typessseminated deposits and irregular replacement deposits.
Disseminatatkposits: In these deposits, the ore minerals are dispersed throughout the body of the he
rock e.g. diamondgkimberlite.

In other deposits, the disseminations may be mainly adpagerlossinlets cutting the host rock and
forming an intercalatetivork called a stockwork.

Geometric Measures of an Ore body Axis of ore body

Line that parallels the longest dimension of the ore body.
Pitch (Rake) of ore badyngle between the axis and the strike obtidyore



Strike of orebody

Pitch or
’ rake

AB and CB lie in the same
vertical plane.

DB, AB and EB are in the
same horizontal plane and
EB i perpendicular to DB




Longitudinal section of an orebody Cross section
of the same

orebody

5\;("306/’ Surface
o, —

X C Width or
Shaft \%)Q /\ \\Levels thickness

_ﬁ
Stope or level length

Y



Mine Development

Levels and Level Interval

Level is an opening developed along the strike direction of an ore deposit and is driven with zero to
zero (1 in 200) gradient. It is considered as the secondary mine developmentuwmkagronrad an
metal mine.

Every single underground mine developmental operation is a capital intensive and there is a signif
degree of risk, because any increase in the length of development openings could augment high c:
expenditures. The lewdds offer the service of transportation, for men and material, from the shaft to th
production site. Of the many factors influencing the selection of a suitable level interval, the important
is to facilitate quick disposal of broken ore frankirigs w

Level Intervals

Underground mining of ore deposits is necessarily worked with multiple levels. A level interval is sels
which lead to lowest overall mining cost for the mine development and exploitation plan chosen. Num
factoraffects these costs and some of them are following:

I[Geological and natural conditions of the deposit and country rock

IMethod of mining

IDevelopment layout

IMethod of drivages of openings

ILife of openings, mine life

IOther financial considerations

The current trend with mechanized high production method is to have fewer levels with large level inte
and supplemented by less cost sublevels as required by the stoping method adopted.



Overall
cost

Optimum
interval

Mining costs

Exploitatio
cost
.Development

cost

Level interval

Raising Methods

1.Manual raising method
2. Two comgrtment method
3.MechanizeRaising
4.Jora raisingnethod

5. AlimakRaising
6.RAISE BORINGETHODS

Manual Raisinglethod

This is a simple and most common method adopted in majority of the metal mines. The unit operation:
followed in the construction of a manual raise are:

Drilling and blasting

IMucking and transportation

[Erection / construction of a manual platform or also known as scaffold The workers stand on a platfor
scaffold made of timber planks supported in stulls or iron bars fitted into the footwall.

The clamps used for supporting the platform are mddeditesigths out of old rails.
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MaNUAIRAISINGVETHOD

LIMITATIONS:

ASIMPLE BUT A VERY TEDIOUS METHOD AND HAS A LIMITATION OF COMFORTABLE RAISING GOBZRBARENSIUPTO
CHECKING AND DRESSING DOWN OF THE LOOSE ROCK BY SKILLED WORKERS BEFORE ALLOWING WORKERS TO (
ISESSENTIAIAT JADUGUDMINEOFU CILWHERHE HISMEHODOFOPENRAISINGVASADOPTEBORANUMBERF
STOPESTHE LONGEST RAISE DRIVENO@WISATA5AONCLINATION

Two Compartment Method
The raising cycle comprises the following operations:
1. Inspection and dressing down of tmbse
2. Timberingxtending the laddexy,
3. Construction of the working stagkibind,
4. Removing the working stage,

5. Charging and firing of the blast &otes,

6. Clearing the@moke.



Mechanized Raising

In mechanical raise climber most of these difficulties are avoided and the most popular to this kind are
1Jora raising method

IAlimak raise climber.
IRaising by long hole drilling
[Raise borers

Jora Raising Method

JORA RAISING METHOD IS SUITABLE ONTMEEGRNDITION WHEN TWO LEVELS ARE AVAILABLE FOR CONNECTIVITY BY A
RAISE THE METHOD CONSISTS OF DRILLING A LARGE DIAMETER HOLE AT THE CENTRE OF THE INTENDED RAISE
GET THROUGH INTO THE LOWER (ESIBELOV.

THE UPPER LEVEL A CAGE IS SUSPENDED W&EIGBAE STEEL ROPE THAT CAN BE HOISTED UP AND DOWN USING A
WINCH THERE IS A WORKING CABIN ALSO KNQI@RAEABINTHE JORA CABIN IS PROVIDED WITH A STURDY
WORKING PLATFORM ON TORIDFSFROM THIS PLATFORM THAT THE DRILL OPERATORS MAKEOLHS DRILL

RAISINGBY LARGE DIAMETER BLAST HOLES

Upper level Upper level

|

- 111 t—

Drilling

Lower level




RAISING BYARGEDIAMETEBLASTHOLES

RAISE BORING METHODS

RAISEBORINGAN THIS SYSTEWHE PILOT HOLE IS DRILLED DOWN TO A LOWER LEVEL IN THE KINEEDRIEE
PILOT HOLE CONNECTS TOLDMEER ACCESS LEVHHIE DRILL BIT IS REMOVED AND A REAMER OR RAISE HEAD IS
ATTACHED AND THE REAMER IS ROTATED AND PULLED UPR\VBROISEN ROCK FALLS TO THE LOWER LEVEL BY
GRAVITY THIS SYSTEM OPERATES WITH THE DRILL STRING IN TENSION AND THISEPRIO®DES ABLE
PLATFORM

Raise drill Raise drilling
operating cycle

== i)
gi::l’g\?v ritas A ; The raise drill pulls the
round, the re:hn;grvns reamer toward itsell.
%achin'e drills :::::e of d“r}n Tailings fall down the
a piiot hole bit shaft and are removed

DRIVING VERTICAL RAISES WITH RAISE BORERS

ADVANTAGES OF BORED RAISES

THE MOST IMPORTANT ARE SABPFEDPHYSICAL CHARACTERISTICS OF THE COMPLEJTEABAOIEEREDUCTION AND
COST REDUCTIORE SAFETY FACTOR IN RBRELING CANNOT BE OVER EMPHABIZEEN ARE EXPOSED TO
THE DANGER OF ROCK FALL FROM FRESHLY BLASTED GROUND OR TO THE CONTINUAL USEVOMHEXPLOSIVES
THEIR FUMES AND INHERENT DANGER OF MISAIRE®RILLED BAISEBORINGVIACHINE CAN GENERALLY BE
CONPLETED IN A FRACTION OF THE TIME REQUIRED FOR CONVENTIONAHKBUREDRAISEITH ITS FIRM
UNDISTURBED WALISSMORE ADAPTABLE TO USE AS VENTILATION AND ROCASRZGISEENTIONAL METHODS
REQUIRE A RELATIVELY LARGE ORENHWS BECOME CUSTR¥IARO DRIVE RAISES



SHAFTSTATION INETALMINE
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1- Access drift to waiting roefmasement for thavel traffic and swinging platforms; 3
Basements for pushers and barrages (blockigpcslog)for contegjuipment



Some terms used in underground mining

*  Back or Roof - ceiling or inner surface of an underground excavation (synonymous with roc

*  Bell - shaped excavation funnel formed in the top of a raised comminuted material to movi
by gravity into a stope of a drawPoint;

+  Capping - waste material overlying the mineral deposit;

«  Crosscut - gallery oriented perpendicular to the strike of a deposit that has inclination te th
horizontal;

*+  Pillar - not mined portion of a deposit that serves as support for the roof or hood;

*  Crown pillar - an overlying portion of an excavation and left intact in the form of pillar
deposit. Can also be the mainstay of the above drawPoint;

+  Sill pillar - behind an excavation and left intactin the form of pillar support portion;
+  Dip-tilt angle of a deposit measured from the horizontal (synonymous with attitude);
+  Slope -inclined plane, connecting the surface to the underground workings;

+  DrawPoint - point loading fragmented ore located at the bottom of the stope and uses
gravity to drain fragmented material for a kick or loading equipment;

*  Drift-gallery oriented parallel to the strike of a deposit that has diving;

*  Finger raise - approximately vertical opening used to transfer ore from a stope for drawPoii
(point of load);

*  Floor - floor or bottom surface of an underground excavation;
+  Footwall - footwall of a deposit;
* Hanging wall - cover a deposit;

Analysis of Pillar support system in RenddPillar stoping

A mining method based on pillar support is intended to control rock mass displacements throughot
zone of influence of mining. Stopes may be excavated to besiquaditirsglfNef@ld ground

control is achieved by the development-loéadioag elements, or pillars, between the production
excavations.

Effective performance of a pillar support system can be expected to be related to both the dimensio
the individual pillars #relr geometric location in the orebody. An economic design of a support systen
implies that ore committed to pillar suppoihivewsn.
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Drilling and blasting in Roeamdpillar stoping

The initial advance in room and pillar mining uses a cut pattern when there is only one free face open
burn cut is the most common drilling pattern in metal mines(drives). The next type of blasting used in
and pillar is known as slabbing.

This tge of round is used once a free face has been established so that there is a group of drill hc
parallel to an open face. This free face allows the fragmentation of the rock to be the same as a swinc
less explosives which leads to lower costs.

Jumto Drill Machine

A drilling jumbo consists of one, two or three rock drill carriages, sometimes a platform, which the r
stands on to load the holes with explosives, tGeaottlikeunnel or else. The carriages are bolted
onto the chassis, which supports also the miners cabin and of course the engine.



https://en.wikipedia.org/wiki/Face_(mining)

Inclined Room and Plillar




Room and Pillar Features

»  Summary of Applications
— relatively flat orebodies
— limited thickness
— competent hanging wall and ore

 Advantages ...
— good productivity
— moderate cost
— flexible method, amenable to mechanization
— Selective
— minimal early development
— No backfill required

 Disadvantages ...
— possible ground control problems
— Medium to low recovery, ore lost in pillars




Modes of Pillar Failure

Different modes of failure as seen in thlesiéelchtions are:

Frettingor or necking of the pillar: Fretting occurs in relatively massive rock with moderately strong H
F/W, and ore body.

One of the main causes for necking is the developmeiat sfréss condition at the wall contacts
(HW and F/W), which result in the development of shear stresses at the contact zones and the failu
localised in the central part of the pillar.

The failure is due to tensile stress concentration. The most obvious sign of pillar stressigg involves sp
from the pillar surfaces, which consequently leads into the developasstsifapmd pillar.



Sublevel Stoping Methods

Sublevel stoping is also known as "blasthole stoping" or
"longhole stoping".

vertical or steeply dipping ore bodies with regular boundaries
mined from levels at predetermined vertical intervals
drilling/blasting from sublevels (overcut or undercut), mucking
from undercut

ore pillars between stopes for support, may be recovered later
The orebody is divided into sections up to 100 m high and
further divided laterally into alternating stopes and pillars. A
main haulage drive is created in the footwall at the bottom,
with cut-outs for draw-points connected to the stopes.

Long hole blasthole and stoping uses longer and larger
diameter blastholes than sublevel stoping, thus requiring less
drilling than sublevel stoping. Greater drilling accuracy is
required

Sublevel Stoping Methods

minimum orebody width 2m

tabular or massive shape

Can be mined transverse or longitudinal

dip >50°

large stopes (non-entry)

limited selectivity, orebody should be regular
No Backfill

— pillar size considerations similar to room and pillar
— competent footwall, ore zone and hanging wall
— dilution a potential problem

With Backfill
— pillar size must be suitable for recovery
— stress on pillars should be low
— fill material must allow recovery of pillars with minimum dilution







