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What is Mining ?

Mining is the process of extracting minerals like
gold, silver, copper, nickel and uranium (metallic) and
salt, potash, coal and oil (nonmetallic) formations that
concentrate naturally in the earth.




2. Stages in the life of a mine

The life cycle of mining begins with
exploration, continues through production, and
ends with closure and post mining land use.
New technologies can benefit the mining
industry and consumers in all stages of this life
cycle.




The three major components of mining
(exploration, mining, and processing) overlap
somewhat.

After a mineral deposit has been 1dentified
through exploration, the industry must make a
considerable investment in mine development
before production begins.

Further exploration near the deposit and further
development drilling within the deposit are
done while the mining 1s ongoing.
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The overall sequence of activities in modern
mining 1s often compared with the five stages in
the life of a mine.

They are:

Prospecting,

Exploration,

Development,

Exploitation, and

Reclamation.
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Prospecting: Finding where ores occur

Important Factors:
 Applying knowledge of association of ores with specific
geological settings.

* using remote sensing techniques such as satellite 1magery,
seismic reflection profiles, magnetic field intensity, strength of
gravity to detect geological structures.
« photos useful in finding faults.
 small basaltic intrusions have prominent magnetic anomalies.
* dense ore bodies can have prominent gravity anomaly.
» developing detailed maps of rock types and geological structures
(faults, folds, intrusions).
 developing 3-d picture of geological structures containing ore.
 obtaining samples of ore for chemical analysis.

- /




a. Prospecting and exploration

Prospecting and exploration are the precursors
to actual mining. Bothe are linked and
sometimes combined. Many mineral discoveries
since the 1950s can be attributed to geophysical
and geochemical technologies developed by
both industry and government.
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Modern mineral exploration has been driven
largely by technology. Today, new
technologies, such as tomographic imaging and
GPS (developed by the defense community),
are employed to mineral exploration. Research
in basic geological sciences, geophysical and
geochemical methods, and drilling technologies
could improve the effectiveness and
productivity of mineral exploration.




Geologists and mining engineers often share
responsibility for these two stages. The
Geologists are more involved with the mining
engineers in the execution works.

b. Likewise, development and exploitation
are closely related stages; they are usually
considered to constitute mining proper and are
the main province of the mining engineer.
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¢. Reclamation has been added to these stages
since the first edition, to reflect the times.
Closure and reclamation of the mine site has
become a necessary part of the mine life cycle
because of the demands of society for a cleaner
environment and stricter laws regulating the
abandonment of a mine.
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3. Prospecting

Prospecting is the first stage in the utilization of
a mineral deposit. It 1s the search for ores or
other valuable minerals (coal or non metals).
Because mineral deposits may be located either
at or below the surface of the earth, both direct
and indirect prospecting techniques are
employed.




The direct method of discovery, normally
limited to surface deposits, consists of visual
examination of either the exposure (outcrop) of
the deposit or the loose fragments (float) that
have weathered away from the outcrop.

Geologic studies of the entire area augment this
simple, direct technique.
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By means of aerial photography, geologic maps,
and structural assessment of an area, the
geologist gathers evidence by direct methods to
locate mineral deposits.

Precise mapping and structural analysis plus
microscopic studies of samples also enable the
geologist to locate the hidden as well as surface
mineralization.
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The most valuable scientific tool employed in
the indirect search for hidden mineral deposits
1s geophysics, the science of detecting
anomalies using physical measurements of
gravitational, seismic, magnetic, electrical,
electromagnetic, and radiometric variables of
the earth.
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The methods are applied from the air, using
aircraft and satellites; on the surface of the
earth; and beneath the earth, using methods that
probe below the topography.

4. Geochemistry, the quantitative analysis of
soil, rock, and water samples, and geobotany,
the analysis of plant growth patterns, can also
be employed as prospecting tools.
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Once a location shows evidence for an
economic deposit, samples are drilled and sent
for geochemical analysis. At this time, the exact
mineral composition of the samples and ore
grade 1s determined.

Economic feasibility of the mine depends on
welghing the cost of extracting and refining the
ore to how much of the ore 1s composed of the
valuable element.
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S. Exploration

The second stage 1n the life of a mine 1s
exploration. It determines as accurately as
possible, the size and value of a mineral
deposit, utilizing techniques similar to but more
refined than those used 1n prospecting.
Exploration focuses to surface and subsurface
locations, using a variety of measurements to
obtain a more positive picture of the extent and
grade of the ore body.

11




Representative samples may be subjected to
chemical, metallurgical, X ray, spectrographic,
or radiometric evaluation techniques that are
meant to enhance the investigator’s knowledge
of the mineral deposit.

Samples are obtained by chipping outcrops,
trenching, tunneling, and drilling; in addition,
borehole logs may be provided to study the
geologic and structural makeup of the deposit.
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Rotary, percussion, or diamond drills can be
used for exploration purposes.

6. Development
In the third stage, development, the work of

opening a mineral deposit for exploitation 1s
performed.
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With it begins the actual mining of the deposit,
now called the ore. Access to the deposit must
be gained either

(1) by stripping the overburden, which 1s the
soil and/or rock covering the deposit, to expose
the near-surface ore for mining or

(2) by excavating openings from the surface to
access more deeply buried deposits to prepare
for underground mining.
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7. Preliminary development works

In either case, certain preliminary development
work, such as acquiring water and mineral
rights, buying surface lands, arranging for
financing, and preparing permit applications
and an environmental impact statement (EIS),
will generally be required before any
development takes place.




When these steps have been achieved, the
provision of a number of requirements—access
roads, power sources, mineral transportation
systems, mineral processing facilities, waste
disposal areas, offices, and other support
facilities—must precede actual mining in most
cases.

Stripping of the overburden will then proceed if
the minerals are to be mined at the surface.

5




8. Economic and legal considerations :

Economic considerations determine the
stripping ratio, the ratio of waste removed to ore
recovered.

Some non-metallic mines have no overburden
to remove; the mineral 1s simply excavated at
the surface.
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The type of mineral being mined and
surrounding environmental conditions are taken
into account when determining the machinery,
ventilation systems, disposal systems, power
supply, and water supply of the facilities.

Permits for the proposed mine are obtained
through the local government.
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Any Mine setup costs include expenses from
everything from feasibility studies to
constructing facilities.

9. Exploitation
Exploitation, the fourth stage of mining, is
associated with the actual recovery of minerals

from the earth in quantity.
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Although development may continue, the
emphasis in the production stage 1s on
production. Usually only enough development
1s done prior to exploitation to ensure that
production, once started, can continue
uninterrupted throughout the life of the mine.
Geologic conditions, such as the dip, shape,
and strength of the ore and the surrounding
rock,play a key role in selecting the method.




Types of Mining...
Two types of mining methods :-

I Surtace Millillg : 1. Alluvial mming

2. Open-cast mining

1 Underground mining.




Alluvial Mining

A method of extracting minerals by
dredging alluvial deposits.

Different methods :

O Pan & Batea : In this manual method, The soft aluvial

material dug up, i1s place in the Pan or Batea, and
washed.




-JRocker :

A rocker cosists of a metel screen mounted at the
botton of a strong wooden box and stand on two semi
circular iron hoops. A handle is also fitted to one side of the
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JISluicing method : In this method water from flowing
stream Is diverted into the area occupied by alluvial
deposit through a channel. Men standing on the banks, of
the channel, shovel the placer material, into the water.




1Dredging : This method is mostly used for placer mining.
The dredge is large flat bottom barge, it's provided with a
chain of large shallow buckets, which is lowered down to
the bottom of pond, from where soils are bring up.




Open cast mining

Open cast mining refers to a method of extracting
rock or minerals from the earth by their removal from an
open pit.

Jhamarkotra Mine Is a great examples of India.




Open pit Mine blasting
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Techniques of open cast mining

JLoading by hand

v It's economical up to a
depth of 50 to 100 feet.

v Buckets can be used for
lifting and skidding
arrangement.

v"For purpose of transport
cars, or skips or cableway f

or aerial ropeway can be ; |
used.




JLoading by machine :

Common machiences are used, e.g- Dragline,
power shovels, scrapars and land dredges.

Fig : Dragline machine




= Power shovel, It iIs more positive in action than the
dragline.




Glory Hole :

Pit is opened up In
method, and developed
In such a way, that
working faces are
arranged in the form of

concentric step.

It is very cheap method
of mining and loading
ore.

Lignite mine in North
Bohemia Is a (great
example of this method.




»Kaolin Mining in cornwall :

This is special modification of open casting and
hydraulicking.




Underground Mining :

Underground mining is a technique used +to
extract ores and valuable minerals beneath the earth's
subsurface.
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Generally 1t 1s
divided 1n to two

types




Open Stopes :

These tecniques
are used for

open stopes..

| Gopharing

Breast stoping

b

rOpen underhand

b

| Open overhand

Milling, etc




It is used for smaII Jrregular and unsystematic underground
worklng

- Comprise drift or other openings which follow the ore chute and
vein.

« Rajasthan and singbhum copper area is a great ancient

example of Gophering.

~=séBreast stoping :

In this mining system working face is vertical upto 10-12
ft.

* |t employed in horizontal or low dipping ore bodies, up to
15 to 18 ft thick.

- The hanging and footwall should be strong.




-JRoom and Pillar mining :
» |t Is designed for flat bedded deposits of limited thickness.
» |t Is used to recover resources in open stopes.

+ Three typical variations are :

Classic room and pillar

Post room and pillar
Step room and pillar




JOpen Underhand stoping :
» |t is best suited to narrow steeply dipping veins with
strong walls.

» Ore requires No sorting.

* In this method stoping Is started from a raise, in the lower
level and progesses upwards.

- Working face is free for miners.
- |t's use higher and low dip deposits.




Overhand stopes :

In this method a certain amount of support is

used.

Different overhand method are :

T~

Timbered
stopes

/

T~

Filled
stopes

/

-y

Srinkage
stopes

/

-

Mitchell
slicing
system

/

D

/




JITimbered stopes : This method is used where the
ore body and walls are weak due to presence of faults.




- Timbered stopes Is generally use according
following method :

( Flate back stopes.

-

Domes stopes

Rill stopes

Vertical face stopes

(Underhand square set stopes.
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~Flat backed stopping

v It Is used when the ore
body steeply dipping and
has a complicated vein
system.

v Stopping width very
between 4-100ft.

/ Numerous faults which

cause collapse of the
walls are taken in to

consideration.




~ Domed stopes :

/It iIs used in case of
massive ore bodies
containing either strong or
weak ore.

v It Is used in case of strong
hanging wall that the
arched back is able to
support the stope partially.
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~ Rill Stope :

v"Overhand stope is
developed so that, the back
has a stepped appearance
and the gradient is slightly in
excess of the angle of
repose.

v This method is designed to

s . T N 3
utilize waste filling of stopes, u}?ﬁ ' igi“ -

and filling the stope, with A% § IMERE
waste by gravity. '




Vertical face stopes :

/It IS used Incase of
Inclined ore body.

v The stopping is initiated in

the ore body by placing | :
lead set as a hanging %\ m“.

K7, .
wall. ” ‘a. \“1
v The ore body face is kept AN L K

vertical.




~Underhand square
sets :

/It iIs employed where the
ore body is nearly vertical.

v/ Stoping starts by making

vertical slice between
sets, and extended

gradually from hanging to
foot wall.




Advantages:- Disadvantages:-

Irregular ore body may be The cost of mining is high.
worked by this method.

It Is easy to control the Extraction of ore is low.
grade of ore.

Only a small space IS

: Accident rate is high.
exposed at a time.




Filled stopes:- In this method, the stope is quickly
supported either by stowing or picking or by running in
waste etc.

For the successful operation of this method it is preferable
that material of the ore body is strong, while the walls are

weaker.




_IShrinkaage Method :

In this method of mining, over hand stopes are developed
and the broken ore is not removed from the stope but utilize to
support the stope.

Soon after the each blast, the broken ore fills up a considerable
part of the stope and the stope appears to shrink or become
smaller in size.

Shrinkage stopping is practiced in most metal mines, when the
condition are favorable.




< Advantages :

v It can be employed in case of
steeply dipping loads with
strong walls.

v Broken ore serves to support
the walls.

v As the miners work on a solid

floor, they obtain a firm footing
and work with greater
efficiency.

v Good condition for ventilation.

v Method is cheap.

+* Disadvantages :

< Dilution of ore is a consequent

danger.

v Chutes may be closely spaced,

if the ore iIs to be drawn out

easily, from the stopes.
v Oxidation may leads to fire.

v Collapse may occur during
drawing of ore from the stopes.




Mitchell slicing system:-

It is @ modification of square set stoping which is applied
under certain condition such as when the ore is flat
bedded, hanging wall is well supported, thickness of ore
body is about 50-60ft.

+Advantages:-
v Saving In labour, and time as compared to square set

method.
v Greater safety.
v Increase In speed of mining with larger tonnage of output.




Caving Method:- It comprise of following techniques:-

A. Top Slicing:- The method Is used where wide veins or
massive ore bodies are worked, when clean ore and
high% of recovery is required. It is used when both roof
and ground surface need not required any support.

The ore is mined in horizontal surface,comprising S,, S, S,
S, - When each slice i1s completed the roof isallowed to
cave in.




+ Advantage :

v Top slicing is a safe
method of mining in heavy
ground.

v A very high% of extraction

of ore is possible, with

practically no dilution
from the capping and
walls.
v Considerable tonnage can
be get.

* Disadvantage :
v It Is more expansive.

v Where the surface is to be

protected, this method is
not emplioyed.

v Ventilation Is not easy.
/This method is not

adopted, where sorting of
waste, In stopes, is
required.




- Sub level caving : This method can be used where
the ore body is wide, and comprises soft or loose

material.

+Advantage :
» The cost of mining Is

comparatively low.
» The ore is mined rapidly.

- The method can be

applied to soft and sticky
ore.which is not suitable
for block caving.

» Stopes

“Disadvantage :
* There

IS practically no
possibility of sorting ore,
In the stope.

are difficult to
ventilate




» Block caving :
» |t Is applicable to wide vein or thick beds and to massive

homogeneous ore body.
» |t can be used in low grade ore.
» The block cave can be 200 — 250 ft. long, and 100-125 ft.
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More Environmental Problems

o Mining operation itself

° Disposal of a large amount of
rock and waste

e Noise

® Dust




'xv Iﬁe‘iesult of collapse
remeVaI of stope.
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Problems with open pits

® Very large holes
e Pit slopes steep and not stable. Cannot be maintained
° May fill with water

° Strip coal mines — loss of top soil 1n past

®* Modern fix - Now filled, smoothed out and top soil
added
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Tailings pond: problems and solutions

e From concentrating usually have high pH
(alkaline = basic)

¢ So modern Fix:

o At Bingham acid waters mixed with
alkaline tailings water to neutralize

e Different metals have different problems

Tailings Pond: any collection of wastewater separated out during
the processing of mineral ores.
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Cost of production.

* Costs that scale with grade of ore. The lower the grade,
e the more ore must be mined.
* the more ore must be shipped to the mull.
* the more ore must be milled.
« the more tailings must be disposed of.

* Fixed costs.
* Dbuilding a transportation infrastructure.
 refining ore minerals, once it has been milled.
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Cost trends 1n the future

The price of mineral commodities passes through three
stages that depend on changes in costs:

Ist: Technical improvements in mining and/or metallurgy

2nd: These improvements become balanced by effects of
decreasing ore grades

3rd: cost rises because improvements in technology can
not keep up with increasing scarcity.

All metals are now 1n stages 1 (aluminum) or 2 (copper
and 1ron).

When reserves are too costly to exploit, an “Economic
Barrier” exists and production 1s stopped.
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Heath problems experienced by miners.

* collapse of mine.

e fire (methane, coal dust, etc.).

* asphyxiation (methane, carbon monoxide, etc.).
e pneumoconiosis (from inhaling coal dust).

* asbestosis (from inhaling asbestos fibers).

* silicosis (from inhaling silicate dust).

* heavy metal poisoning (e.g. mercury).

* radiation exposure (In uranium mining).
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Mine Safety T

Mine safety: In U.S.,
stringent mining
regulations have lead
to a reduction in
fatalities, both 1n
terms of total deaths
per year, deaths per
person-hour worked,
and deaths per ton
mined.

Total
...... Underground

Accidental deaths per million tons mined

surface

“ I I I I . '..I ......-..lll...... |
1903 19135 19235 1933 1945 1953 1965 1975
Year

@rface Mining was always safe; underground mining reached comparable safety in 19§(J




