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Chapter q

1.1 IMPORTANCE OF MINERAL RESOURCES
AND THEIR USE IN SOCIETY

Natural mineral resources serve as a basis
for the economic development of civilization.

Mineral resources are all the physical
materials that we extract from the earth for our
use. Modern society is dependent on a huge
amount and variety of mineral resources.

Mineral resources are classified as metallic
or non-metallic. As measured by total
consumption, the most important metallic
resources are: iron, aluminum, copper, zinc and
lead. The most important non-metallic resources
are: crushed stone, sand, gravel, cement, clays,

salt and phosphate.

So what is a mineral?

A mineral is a naturally
occurring solid chemical
substance that is formed through
geological processes and that has
a characteristic chemical
composition, a highly ordered
atomic structure, and specific
physical properties. By
comparison, a rock is an
aggregate of minerals and does
not have a specific chemical
composition.
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Minerals around us

Every segment of society uses minerals and
mineral resources every day. The roads we
drive, and the buildings we live, learn and work
in, all contain minerals.

Amaet nyst

Malachite Calcite

Some metals and minerals are used in modern society

COPPER  |Copper is used for electrical conductors, motors, appliances, piping and in metal alloys. |
Gold has many high tech applications including computers and many scientific instruments, is
GOLD . . . . . . .
used in electrical conductors. It is used in medical and dental equipment, and jewellery.
ZINC ZnO is used to prevent sunburn; zinc is used for protective coatings for steel, casting alloys|
and extensively in medicine.
NICKEL  |Nickel is primarily used to manufacture stainless steel.
SILVER Silver is used in electrical conductors, photography, chemical manufacturing, dental and med-|
ical uses.
ALUMINUM /ﬂummum is used in shipbuilding, for production airplanes, doors, windows, roofing, insula-|
tion, domestic utensils.
Iron is used in steel manufacturing, magnets, medicines, paints, printing inks, plastics, dyes.
IRON . . . . .
Iron is used in volume, about 20 times more than any other metal in our society.
\Borax is used to make fiberglass, high temperature glass, cleaning agents, ceramics, corrosion
BORAX [ .. L
inhibitors and fertilizers.
TITANIUM Titanium is used m.pamt manufacture as pigments, and in plastic manufacture. It has high
strength and low weight metal alloys.
TALC Talc is used in paper manufacture, in paint manufacture and in plastics and the cosmetic in-
dustry.
CLAY Clay is used to make cement and concrete, which is used to build roads, buildings and housing
foundations.
Coal is used in steel making and to provide the LOWEST cost electricity in the world (except]
COAL for hydro generated). Slag (the residue left when coal is burned) from coal power plants is|
used for paving additives, for abrasives in sandblasting and to manufacture roofing materials.
PHOSPHATE Phosphate is u.sed to produce phosphoric acid for fertilizers, feed additives for livestock,
chemicals, and in consumer home products.
POTASH |Carbonate of potassium, is used in fertilizers, medicines and the chemical industry.
RARE EARTH|Cerium, Neodymium, Europium, etc., are used in petroleum refining, computers, televisions,
ELEMENTS [magnetic industry, metallurgical applications, ceramics and lighting.

There are lots of minerals around your home. Look around your home.
Minerals are used in lots of everyday objects in your house. Here are just a
few household items made from minerals.
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Light bulb

Where would we be without light bulbs? In
the dark!

Tungsten has the highest melting point of
all metals. Light bulbs can be very hot, so
tungsten is a good metal to use to make the
filaments in light bulbs. Wolframite and
scheelite are the main ores of tungsten.

Think about the properties of tungsten:

strong;

very high melting point;
rigid;

impermeable.

support wires ort gas | o Bulb (glass bulb) — xonba
R t— ~ filamen (cTekyIsHHAs KOJI0a);

Support wire — mpoOBOJIOYHOE
KpEIJICHUE;

Inert gas — uHepTHBIN ras;

Tungsten filament —
BOJIb(ppaMoOBasi HUTb;

Glass mount — crekisiHHasA

onopa;

Screw thread contact -—
BHUHTOBOH COCIMHUTEIbHBIN
KOHTAKT;

Insulation — u3omsMs;
Electrical foot contact —

insulation MOTHOKHBIN 3JIEKTPUYECKUIN
electrical foot contact KOHTAKT,;

screw thread contact
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Pen, pencil and paper

Without minerals you could not use pen, pencil
ore paper. The points of most ballpoint pens are
made out of brass, which is an alloy of copper and
zinc. This material is used because of its strength,
resistance to corrosion, and ability to be easily
formed. Precious metals such as gold, silver, or
platinum are plated onto more expensive pens.

Also the writing tips of pens are made with
strong metal called tungsten.

Paper is usually made of wood pulp mixed
with minerals like clay, mica, talc and baryte.

Ultra-hard tungsten carbide

ball — CBEpX IIPOYHBIN
BOJIb(DPaMOBBIIA KapOWTHBINA
HIapUK;

Shding Moel Separnios s 3 .

i o pressurized Sliding float separates ink

Sipinloss steal. precision- L
machingd sockel phivinis -

leaks and cozing, yol
delivers nstant wdaim
ik tow

from pressurized nitrogen gas —
CKOJIB3AIIUNA TMOIJIABOK OTJENSET
YepHUJIa OT HaXOMAILIETrocs IO
JTaBJICHUEM a30THCTOrO Iasa;

ronmalically sealed and

eSS ined PeSanmin

wiibes Shred Bimes Ionger Gas plug

Stainless steel, precision-machined socket prevents leaks and

oozing, yet delivers instant uniform ink flow — oOpaboTanHsblii Ha cTaHke

C  BBICOKOM  TOYHOCTBIO  pa3beM M3  HEP)KABEIOIIEW  CTalu,

OpeJoTBpallaloIUi  yT€YKW UM NPOCauyMBaHuA, ele o0ecrnedynBaeT
MTHOBEHHBIN paBHOMEPHBIN MTOTOK YEPHUI;

Thixotropic ink in a hermetically sealed and pressurized reservoir
writes three times longer — THUKCOTpOIIHBIE YE€pHMJIA B TE€PMETUYHOM
pe3epByape 1o JaBJICHUEM IHIIYT B TPU pasa HOJIBIIIE;
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Gas plug — razoBas npo0Oka;

Thixotropic ink in a hermetically sealed and pressurized reservoir
writes three times longer — THKCOTpONHBIE 4YE€pHUIA B IE€PMETHYHOM
pe3epByape MoJ 1aBJICeHUEM MTUIIYT B TPU pa3a J0JIbIIE;

Stainless steel, precision-machined socket prevents leaks and
oozing yet delivers instant uniform ink flow — 06paGoTanHbIIi Ha cTaHKE
C  BBICOKOM  TOYHOCTBIO  pa3pe€M U3  HepXkaBelolled  cranwy,
NPEeIOTBPAIIAIOIINN YTEUKU U POCAaunMBaHus, €llle 00ecrieunBaeT MIHOBEH-
HbIA PABHOMEPHBIN MTOTOK YEPHUII.

Most pencil cores are made of graphite, leaving grey or black marks
that can be easily erased.
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Film and battery

To take a photo, cameras have to have a film in them. Photographic
films are coated with different mineral salts. Silver, argentite and other
silver minerals are often used in photography.

Cameras also need batteries to work. Nickel is used in rechargeable
batteries.

Let’s look at the picture of cylindrical lithium-ion battery structure:

Anode — anop;

Anode tab — D0OJIOKUTETHLHBIA

KOHTAaKT, mﬁcﬁ%mﬂ

Cathode — xaron;

Cathode tab -
OTPHULIATEIbHBIA KOHTAKT;

Separator — pa3znenurens;
Vent — oTBO;

PTC - MTOJIMMEPHBIN
repMETUK;

Gasket — npoknanka;

Top insulator — BepxHia
W30JISILINS;

Bottom insulator — HHKHSS U30ISALIMS;

Top cap (positive terminal) — BepxHsis KpbIlika (ITOJOKUTEIHHBINA
BBIBO/I);

Steel can (negative terminal) — mOKpBITHII CTaNbIO (OTPULIATEIBHBIM
BBIBOJ).
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Computer and monitor

Computer screens contain a variety of materials, some of them
hazardous. Computer monitors contain raw and treated materials like metal
semiconductors, phosphor, lead and mercury. Semiconductors are typically
made of some kind of silicone crystal.

Here is what a laptop is made of (also refers to a desktop computer):

Polyvinyl chloride —
TOJIMBUHUJIXJIOPHT,

Lead — cBuHelr;

Antimony — cypbMma;

Chromium, cadmium and
lithium — xpowm, KagMuit ¥ JIUTHIA;

Beryllium — 6epunnmii;

Phosphor — ¢ocdop;

Liquid crystal display — >xukokpucTauiMuecKuil 1ucIuiei.

Conclusion

In science, a mineral is a natural substance, characterized by its
distinctive composition, atomic structure and physical and chemical
properties. In economic context, a mineral is any solid or fluid substance
that can be extracted from the Earth interior for profit.

Generally, all minerals can be divided into four classes:

Metals — copper in electrical wiring, aluminum in beverage cans; iron
in cars.

Energy minerals — used in the production of electricity, as fuel for
transportation, for heating homes and offices, etc. (coal, oil and natural

gas).




18

Chapterq

Industrial minerals — salt, china clay and limestone that are used for a
range of specific industrial applications such as the manufacture of
chemicals, glass, fertilisers and paper.

Construction minerals — sand, gravel, brick clay and crushed stone. Its
are used for making concrete, bricks and surfacing roads.

Questions

1. What are mineral resources?

2. What classes of minerals do you know?
3. Give a definition to a mineral.

4. What is a rock?

5. What precious metals do you know?
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(to) extract
amount

(to) measure
consumption
(to) occur
substance

chemical composition

property
aggregate
conductor
appliance
piping
application
primarily
manufacture
manufacturing
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fertilizer
strength
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rechargeable
hazardous

raw

treated
semiconductor
distinctive
interior

profit

wiring
beverage can
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surfacing road
iron
aluminium
copper
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lead
crushed stone
sand

gravel
cement
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salt
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rock
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concrete
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[
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marble
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granite
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‘ma:bl]
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[
[
[
[
[
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KaoJIMH, Oeas riInHa
TPaHHT

MepreJb, K3BECTKOBas TIIMHA
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1.2 MINERAL RESOURCES AND
MINERAL RESERVES

What is a mineral deposit?

Mineral deposit is a concentration of
minerals and geological materials that have
economic or po-tentially economic importance.

Origin of mineral deposits M

Various geological processes cause particular minerals to be
concentrated to form mineral deposits. The main types of these processes
are as follows:

1. Igneous processes

2. Sedimentary processes

3. Weathering processes

P
4. Metamorphic processes — EH gnwis ans tigmasse | Joeanie [ | momdois LI Secmeniary Rocks
Tortmny

Camibrian - Drdovacan Choaran

Igneous processes (magmatic processes) are called all processes with
which formation of magma and magmatic rocks, and also phenomena
conditioned by activity of magma, are related.

Magma repre-sents natural, more often
silicate,  incandescent liquid composition
occurring in the Earth crust or in upper mantle
at big depths and forming magmatic rocks when
cooling down.
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Magma that comes on the surface is called
lava.

Igneous rocks are formed through the
cooling and solidification of magma or lava.

Sedimentation is the collective name for
processes that cause mineral and/or organic
particles (detritus) to settle and accumulate.
Particles that form sedimentary rocks are called
sediment.

Sedimentary rocks are formed one
of the three main ways:

e by the deposition of the
weathered remains of other rocks;

e Dby the deposition of the results of
biogenic activity;

e Dby deposition from solutions.

Sedimentary rocks include common types such as chalk, limestone,
sandstone and shale.

Weathering is the breaking down of rocks, soils and minerals as well
as artificial materials through contact with the Earth’s atmosphere, biota
and water. Three main types of weathering processes exist — physical,
chemical and biological weathering.

Physical weathering is the gradual
destruction of larger rocks into smaller
rocks right where they stand. Physical
weathering loosens and crumbles surface
minerals of rocks so that they can be
more easily transported by wind and
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water in the erosion process.

Chemical weathering is the process by
which rocks are destruction, dissolved or
loosened by chemical processes to form residual
materials.

In biological weathering take part living
organisms, such as plants and animals, cause
rocks to de-struction.

Metamorphism 1s a process of re-
crystallization of pre-existing rocks due
to changes in physical and chemical
conditions, primarily temperature, pres-
sure, and the introduction of chemically
active fluids. Mineralogical, chemical
and crystallographic changes of rocks
can occur during this process.

Natural resources and tectonic processes

Many natural resources have been Solar Energy
formed along the ancient boundaries of coat ! e OL
tectonic plates. Metallic minerals, such as Birds . b Trees
gold, silver, copper, lead and zinc, are _Plants =5 v A Water
found at subduction zones — place where roon SO Timber

) : b ) Energy Metals
oceanic crust into the mantle. Metallic Flowers & Animals
minerals are formed and near magma  Minerals ™ Oxygen

Natural Gas  Fossil Fuels

chambers and so mineral deposits are Atmosphere
often located near volcanoes.

Some of the magma bodies do not reach the surface. Ore deposits form
around these magma bod-ies in veins or disseminated through the rock.

Ancient ocean crust can contain mineral resources. Iron, nickel, zinc
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and other metals can accu-mulate at mid-ocean ridges.

What are a mineral resources and mineral reserves?

Mineral resources are defined as natural
concentrations of minerals or bodies of rock
that are, or may represent, of potential
economic interest due to their valuable
properties.

That part of a mineral resource, which can
be economically profitable extracted, is called a
mineral reserve.

Exploitation of mineral resources

The exploitation of natural resources started in the 19th century.
During the 20th century, energy consumption rapidly increased. Today,
about 80% of the world’s energy consumption is sustained by the extraction
of fossil fuels, which consists of oil, coal and natural gas. Other non-
renewable resources are exploited in the production of industrial
commodities.

The stocks of minerals available in defined territory cannot be
increased by human effort. It is not also possible to replace the minerals
once mined. The existing minerals have accumulated over millions of years
of past geological periods. Therefore natural replacement of minerals is an
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extremely slow process.
The world map of minerals

World mineral map shows availability of minerals in various part of the
world.
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Australia is the continent with the world’s largest uranium reserves.
Canada is the largest exporter of uranium ore.

Mexico is the largest silver exporter in the world.
Earlier diamonds were found only in alluvial deposits of Southern
India. At present diamond deposits are also found in Africa, South Africa,

Namibia, Botswana, the Democratic Republic of Congo, and Tanzania.

The most common element found on earth is iron. The five largest
producers of iron ore are China, Brazil, Australia, Russia and India.

South Africa, Canada, United States and Western Australia are major
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producers of gold. Oil reserves can be found in Canada, United States,
Mexico, Saudi Arabia, Iran, Iraq, United Arab Emirates and Kuwait.

Mineral reserves some minerals

Mineral Uses

Ore of
aluminum

Alloys,
electroplating

Alloys,
electric wires

Jewellery

Iron and steel

Solder, pipings

Iron and steel

Stainless steel

Jewellery

Tin cans,
alloys

Iron and steel

World Reserves Ma-
jor Producing Re-
sources (Tons)

21.559.000

418.900

3.21.000

42.000

64.648.000

70.440

812.800

48.660

78.000

5.930

143.910

Countries

Australia, Jamaica, Brazil

India, South Africa, Tur-
key

Chile, USA,
Canada

South Africa, USA, Aus-
tralia

Brazil, Australia, China,
Canada
and Venezuela

USA, Mexico,
Canada

South Africa, Gabon, Aus-
tralia and France

Canada, Norway and Do-
minican Republic

Mexico, USA,
Peru, Canada

China, Brazil,
Indonesia

Canada, Australia, China
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Questions

1. Please, give the definition to a mineral deposit.

2. What types of geological processes do you know?

3. What are the main tree ways of formation of sedimentary rocks?
4. What types of weathering do you know?

5. Where are usually natural resources formed?

6. What is the difference between mineral reserves and resources?

7. Where are the world’s largest reserves of uranium, diamonds and
gold situated?
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mineral deposit

particular
igneous
sedimentary
weathering
metamorphic
incandescent
Earth crust
upper mantle
(to) cool down
solidification
particle
deposition

soil

destruction
subduction zone
magma chamber
mid-ocean ridge
(to) define
valuable

fossil fuel
renewable
commodity
available

Vocabulary

[ 'min(o)r(o)l di'pozit]

[pe 'tikjula]
['ignies]
[sedi ment(o)ri]
['weO(o)rin]
[meto ' mo:fik]
[inkaen'des(o)nt]
[2:© kr/st]
[\po 'mantl]
[ku:l daun]
[salidifi'keif(a)n]
[ 'pa:tikl]
[depa’zif(a)n]
[soil]
[di'str/Akf(9)n]
[sob'd/\kf(a)n zoun]
[ maegms 'tfoimba(r)]
[mid ouf(o)n rid3z]
[di' fain]

['veeljuobl]

['fos(o)l fju:al]
[ri'nju:abl]
[ko'modoti]
[2'veilabl]

MECTOPOKIEHUE TIOJIE3HBIX
HCKOTIaeMBIX

OTACTHHBIN, CTICITU(PUICCKUI
MarMaTH4eCKui, N3BEPKCHHBIN
0CaJ0YHbIN

BBIBETPHUBAHHE
MeTaMopuyecKnit
pacKaneHHBbII

3eMHas Kopa

BEPXHSS MAHTHUS

OXJIaXIaTh, OCTHIBATH
3aTBepJieBaHUE

JacTuma

OCaKACHUE, OTIOKEHHE

MOYBa, TPYHT

paspylieHue

30Ha CYyOAYKIINH
MarMaTu4eckuit ogar
CpPEeIMHHO-OKEaHUYECKUN XpedeT
OTIpeIETSIT

MOJIE3HBIHN, LIEHHBIN
HCKOMAaeMOe TOTUTUBO
BO300HOBIISIEMBIH

npeaAMeT MoTpeOIeHHs, TOBAP
JIOCTYTIHBIN
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1.3 UKRAINIAN RESOURCES

Mineral Potential of Ukraine

The Geological Survey of Ukraine has built up a powerful mineral
potential which enabled Ukraine to enter the community of leading
countries with developed mineral industry. Explored reserves of some
mineral commodities are estimated at 7.0-7.5 trillion US dollars ($ US
150,000 per capita), and Ukraine is high on the list of European countries.
Taking into account per capita consumption of minerals, Ukraine can be
placed alongside with the developed countries of the world.

DEPOSITS OF
PRINCIPAL MINERALS
IN UKRAINE

Ukraine has practically all kinds of raw minerals that ensure stable
operation and development of the country economy. That is why the
mineral sector of economy is one of the main factors that ensure
independence and national security of the state. Nowadays mineral



32

Chapterq

resources are considered to be a great hope of our economy. This mineral
potential (over 200 types of minerals) includes about 10000 deposits and
manifestations, 7667 deposits (94 types of mineral commodities) of which
are of commercial value and are recorded in the State Balance for Reserves.

Geographical location and economic conditions of the deposits are
favourable for intense growth of mining and processing enterprises. By
now, the industry exploits 3295 deposits which form a mineral base for
more than two thousand mining and processing enterprises.

Occupying 0.4% of the world land with population estimated at 0.8%
of the world total, Ukraine produces 5% of world mineral raw materials and
products of their processing. Ukraine accounts for 6.2% of the world
output. Ukraine mines 3% of coal, 1.0% of iron, 20% of manganese ores
from world output figures.

Ukraine ranks the leading place among the developed world countries
for 16 types of mineral com-modities (coal, iron and manganese ores,
titanium, zirconium, mercury, uranium, sulfur, graphite, kaolin and other
minerals).

Explored reserves of Ukraine cover 30% of iron ore reserves of the CIS
countries, 75% of manganese ore, 70% of kaolin, 90% of crystalline
graphite, the greatest part of titanium and zirconium reserves. They
comprise a considerable part of CIS reserves of coal, mercury, uranium,
beryllium, non-metallic raw materials for metallurgy, different stones.
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Mineral raw materials that are mined in Ukraine constitute 2.9-3.8 per
cent of the world total (§ US 14.5-20.0 billion). Exported mineral raw
materials cover over one-third of the total Ukrainian export.

Losses of mineral commodities due to insufficient mining and
extraction make 70% for oil, 40% for coal, 25% for metallic ores and 50%
for salt. This mineral wealth remains in the Earth's interior and 1is
considered to be lost.

Now the import of mineral commodities in Ukraine is higher than the
country export. Import is 3.5 times greater than export nowadays. This gap
is due both to a large list of imported mineral commodities and to low
prices for exported minerals.

Specific features of the
mineral base of Ukraine favour

FEhLAMD

the growth of trade and ! By
economic relations with a 57 --f_’f"“‘““ s
neighboring  countries.  For 'ﬁ;ﬂ’}‘?‘tﬁmw”' s
instance, Russia has no mineral o

base of manganese, titanium, ”ﬁﬁmm sowon UKRAINE ’
zirconium and some other i TR TS et
minerals that occur in Ukraine. T N e
As to iron, manganese, kaolin, pess 8 :;“r.u-i'r:‘_c_[_:'_::"r unsEy

graphite, titanium and some
other minerals, European countries cover their demands at the expense of
Ukraine.

Methane

Almost all mine fields of Donbass, except
Eastern anthracite regions, have high rate
methane con-tent — over 10 m’/t and can be the
objects of its extraction.
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According to Geological Survey, in 140 mines with high methane rate
about 2.5 billion m® methane gas is recovered annually, and till 550 min m’
is gained by the degasification system with average 31.7 % methane
content.

Building materials

Ukraine is rich in building materials (granite, marble, labradorite,
chalk, marl, sandstone). The largest reserves of granite and labradorite are
found in Zhitomir oblast.

Mining of gem stone deposits
is considered to be an effective
i activity.  Ukraine played an
important role in the former USSR
as to the output of ornamental
%' (decorative) stones.

As a matter of fact, stone mining and processing requires different
tools, machines and equipment to be used. As to Ukraine, its industry does
not produce stone-mining equipment for quarries with the ex-ception of
several types of pneumatic drill bits.

Dnipropetrovs'k region is unique among other regions of Ukraine for
its variety of mineral deposits. In its depths there were found 302 deposits
and about 950 ore manifestations. In the region about 39 kinds of minerals
are extracted. Kryvorizhsky basin with explored reserves of iron ores equal
to 15 mln tons and annual volume of extraction equal to 87 mln tons takes
the first place in Ukraine.

Available reserves make it possible to supply ferrous metallurgy with
raw material for quite a long time into the third millenium. Nikopol deposit
of mangane-se, on the basis of which two mining and con-centration plants
are working, will be working up to the years 2025-2026.
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Types of minerals in the region | Total quantity | Quantity of deposits
of deposits that are worked

Ore 27 22
Manganese 2 2

Coal 77 11

Rare metals ore 2 1
Kaolin 2

Cladding stone 13 3
Building stone 47 32

Brick and tile raw material 53 16
Building sand 14 3
Oil-gas-condensate raw material 14 12
Mineral water 18 8

Brown coal 20 —

Fresh underground water

The large quantity of water is at beneath ours feet in underground. It
honor in 40 times more, than in all rivers, lakes and world bogs. Water
which is in the top part of crust called as underground.

For the person underground waters are the real wealth. Such waters,
filtering deep into, pass through a number of natural filters — layers of rocks
of various density and by that are perfectly cleared.

Underground waters share on fresh and !: ,41
mineralized. L5750

Mineral water

On the territory of the region 18 deposits
of the mineral medicinal, medicinal-and-table
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water are discovered, and they are used both for internal and external
consumption, and also for industrial bottling.

Drinking mineral water is characterized with wide variety both in
mineralization and iron-salt composition, which makes it possible to use
these waters for treating various diseases, among waters for external
consumption there are highly mineralized chloride, sodium, bromine brine,
radon water and so on.

Conclusion

Ukraine is rich in natural resources: coal,
iron ore, manganese, nickel and uranium, and
others. The reserves of sulfur are the largest in the
world, the reserves of mercury ore are the second
largest. Also more than 5% of world reserves of
iron ore are concentrated in Ukraine.

Ukraine is rich in building materials (granite,
marble, labradorite, chalk, marl, sandstone). The
largest reserves of granite and labradorite are
found in Zhitomir oblast.

In the volume of Ukrainian industrial
production mining industry accounts for 11.1%.

And being among the leading countries of the
world in supply of mineral primary resources
Ukraine has to develop new deposits and improve
its technologies to follow the changes of the
world.
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Questions
1. What minerals can be found on Ukraine’s territory?

2. According to the world output figures, what mineral reserves does
Ukraine have?

3. Resources of what mineral are most abundant in Ukraine?

4. Except minerals recovered by mining, what other examples of
minerals do you know?

5. What building materials do you know?
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(to) enable

(to) place

(to) ensure
manifestation
favourable
processing enterprise
intense

(to) estimate
output

CIS (Commonwealth
of Independent
States)

(to) constitute
wealth

(to) favour
relation

according to
annually

(to) gain
degasification system
gem stone
equipment

quarry

pneumatic drill bit
hole

well

intake

bottling

medicinal

table water
bromine brine

Vocabulary

en'eibl]

pleis]

in' fus]

meenifes teif(o)n]
‘feiv(o)rabl]
‘prousesin entopraiz]
in'ten(t)s]

‘estimeit]

‘autput]

"komoanwel0]

L B e B e Bl s B e B e B e B e Ml |

[ 'kon(t)stitju:t]
[wel0]
['feiva]
[ri'leif(o)n]
[0'ko:ding tu:]
["@enjusli]
[gein]
[degeesifi keif(o)n]
[d3em stoun]
[i'kwipmaont]
[ 'kwori]
[nju: 'meetik]
[haul]

[wel]

['inteik]
['botlin]
[ma'dis(a)n(9)l]
['teibl "wo:ta]
[ 'broumi:n]

JIaBaTh BO3MOXKHOCTh, ITO3BOJISATH
3aHUMATh (MECTO)

obecrieunBaTh

MPOSIBIICHNE

0JIarONIPUATHBIN, YIOOHBIN
repepadaThIBaOIIee MPEIITPUATHE
3HAYUTEJIbHBIN, MHTCHCUBHBIN
OLICHMBATH

00BIYa

CHI'

COCTaBJISITh
00raTcTBO

0J1aronpusTCTBOBATh

OTHOILIEHHE

COOTBETCTBEHHO C

€XKEroIHO

MOITy4YaTh

cUucTeMa Jiera3aluu

JparoleHHbIC KaMHU
obopynoBaHue

Kapbep

MHEeBMaTHYeCKas OypoBasi KOpOHKA
CKBaXKHHA

KOJIOZEL]

MIPUTOK

pa3imB 1Mo OyTHLUTKAM
JIEKapCTBEHHBIN, 11eIeOHBIHI
CTOJIOBasi MHHEpaJIbHAsI BO/IA
COJISTHOH pacTBOp Oopa
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1.4 MAJOR SOURCES OF ENERGY

COAL

Coal — is a readily combustible black or
brownish-black ~ sedimentary = rocknormally
occurring in rock strata or veins called coal beds
or coal seams. Coal is the largest source of
energy for the generation of electricity
worldwide, as well as one of the largest
worldwide anthropogenic sources of carbon
dioxide releases.

Formation

About 300 million years ago, the Earth had dense forests in low-lying
wetland areas. Due to natural processes such as flooding, these forests were
buried under the soil. As more and more soil deposited over them, they
were compressed. The temperature also rose as they sank deeper and
deeper. For the process to continue, the plant matter was protected from
biodegradation and oxidization, usually by mud or acidic water. This
trapped the carbon in immense peat bogs that were eventually covered and
deeply buried by sediments. Under high pressure and high temperature dead
vegetation were slowly converted to coal. As coal contains mainly carbon,
the conversion of dead vegetation into coal is called carbonization.

Classification

As geological processes apply pressure to dead biotic material over
time, under suitable conditions it is transformed successively into:



40

Chapterq

Peat — considered as a precursor of coal,
has industrial importance as a fuel in some
countries. In its dehydrated form, peat is a
highly effective absorbent for fuel and oil spills
on land and water. It is also used as a
conditioner for soil to make it more able to
retain and slowly release water.

Lignite— this is a brownish-black coal with
high moisture and ash content, which has the
lowest heating value of the all types of coal. It is
considered an “immature” coal that is still soft. It
is used for generating electricity.

Subbituminous coal — this is a black coal
with a higher heating value than lignite, and is
used principally for electricity and space
heating.

Hard coal or Bituminous coal — it is the most
commonly used type of coal for electric power
generation. It is a dark coal that has a higher
heating value than lignite and subbituminous coal,
but a lower heating value than anthracite.

Anthracite— this is coal that was formed
from bituminous coal under increased pressures
in rock strata during the creation of mountain
ranges. This type of coal is the most compact
and therefore, has the highest energy content of
the all levels of coal. It is used for space heating
and generating electricity.

The classification of coal is generally based on the content of volatile
matter. However, the exact classification varies between countries.
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Extracting

Coal mining has had a lot of developments over the recent years, from
the early days of men tunneling, digging and manually extracting the coal
on carts to large open cuts and long walls mines. Mining at this scale
requires the use of draglines, trucks, conveyors, jacks and shearers. Coal
mining can have a large environmental impact and needs to be managed.

Many mines are required by government to rehabilitate the area that
was mined. Coal is extracted from the ground by underground mining
either surface mining.

Uses of coal

Coal is used primarily as an energy
source, either for heat or electricity. It
was once heavily used to heat homes
and power locomotives and factories.
Bituminous coal is also used to produce
coke for making steel and other
industrial ~ process  heating.  Coal
gasification and coal liguefaction (coal-
to-liquids) are also possible uses of coal
for producing synthetic fuel.
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PETROLEUM

Petroleum or crude oil is a naturally
occurring liquid found in formations in the
Earth consisting of a complex mixture of
hydrocarbons (mostly alkanes) of various
lengths. Petroleum literally means «rock
oil»; oil that comes from rock. Oil is a
hydrocarbon-based  liquid  which is
sometimes present in porous rocks beneath
the earth's surface.

Formation

Petroleum is formed by the slow
alteration of organic remains over
time. It consists of a mixture of liquid
hydrocarbon compounds and varies
widely in composition, color, density,
and viscosity. From this liquid after
distillation yields a range of
combustible fuels, petrochemicals, and
lubricants. Compounds and mixtures of compounds separated from crude
petroleum by distillation include gasoline, diesel fuel, kerosene, fuel oil,
some types of alcohol, benzene, different grades of lubricating oils.

Classification

Petroleum is usually classified according to the predominance of
paraffin or asphalted compounds and accordingly is said to have a paraffin
base, an intermediate base, or an asphalt base.
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Extracting

Oil wells are drilled as deep as tenkilometers into the Earth to search
for petroleum. These wells can cost millions of dollars to drill, drilling is
done because petroleum is a valuable natural resource. Although the major
use of petroleum is as a fuel it often use to generate electricity, there are
many other uses as well.

Uses of petroleum

Here are some of the ways petroleum is used in our everyday lives. All
plastic is made from petroleum and plastic is used almost everywhere, in
cars, houses, toys, computers and -clothing. Asphalt used in road
construction is a petroleum product as is the synthetic rubber in the tires.

Paraffin wax comes from petroleum, as do fertilizers, pesticides,
herbicides, detergents, phonograph records, photographic film, furniture,
packaging materials, surfboards, paints and artificial fibers used in
clothing, upholstery, and carpets. Petroleum is used principally as a source
of fuel and lubricating oils. Only when these reserves of oil are restricted or
threatened does the average person begin to realize their importance.
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NATURAL GAS

Natural gas is a naturally occurring
hydrocarbon gas mixture consisting primarily of
methane, with up to 20% of other hydrocarbons
as well as impurities in varying amounts such as
carbon dioxide.

Formation

Most natural gas was created over time by two mechanisms: biogenic
and thermogenic. Biogenic gas is created by methanogens in bogs and
sediments. Deeper in the earth, at greater temperature and pressure,
thermogenic gas is created from buried organic material.

Natural gas is found in deep underground natural rock formations or
associated with other hydrocarbon reservoirs, in coal beds, and as methane
clathrates (or methane hydrate). Often petroleum is also found near natural
gas deposits.

Typical Composition of Natural Gas

Methane CH4 70-90%
Ethane CoHe

Propane CsHg 0-20%
Butane C4Hio

Carbon Dioxide CcO, 0-8%
Oxygen 0, 0-0.2%
Nitrogen N, 0-5%
Hydrogen sulphide H,S 0-5%
Rare gases A, He, Ne, Xe trace




1.4 Major sources of energy

45

Extracting

Before natural gas can be used as a
fuel, it must undergo processing to clean
the gas and remove impurities including
water in order to meet the specifications
of marketable natural gas. The by-
products of processing include ethane,
propane, butanes, pentanes, and higher
molecular weight hydrocarbons, hydrogen
sulphide (which may be converted into
pure sulfur), carbon dioxide, water vapor,
and sometimes helium and nitrogen.

Natural gas is often informally
referred to simply as gas, especially when
compared to other energy sources such as
oil or coal.

Uses of natural gas

Natural gas is widely used as an
important energy source in many
applications including heating
buildings,  generating  electricity,
providing heat and power to industry,
as fuel for vehicles and as a chemical
feedstock in the manufacture of
products such as plastics and other
commercially  important  organic
chemicals.
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Questions

1. Give a definition to a coal.

2. What types of coal do you know?
3. How oil is formed?

4. Where petroleum can be used?

5. What is a natural gas?

6. What gases can be found in a natural gas?
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combustible
rock strata
coal bed

coal seam
wetland area
flooding
biodegradation
oxidization
peat bog
vegetation
carbonization
suitable
successively
dehydrated

oil spill
moisture
immature

ash

open cut
longwall
dragline

jack
gasification
liquefaction
hydrocarbon
porous
alteration
compound
density
synthetic rubber
detergent
artificial fiber
impurity
methanogen
methane hydrate
hydrogen sulphide

Vocabulary

[kom b/\stabl]
[rok 'stra:to]
[koul bed]

[koul si:m]
['wetlond "eario]
['flAdip]

[baieudegra'deif(o)n]

[oksidai'zeif(o)n]
[pi:it bog]
[vedsi'teif(o)n]
[ka:b(e)nai’zeif(o)n]
['sju:tabl]

[sok 'sesivli]
[di:hai'dreitid]
[oil spil]
['moist[o]
[ima'tjus]

(/]

[‘oup(o)n k/\t]
[lon wo:l]
['draglain]
[d3zeek]
[geesifi'keif(o)n]
[likwi' feekf(o)n]
[haidrou'ka:b(o)n]
['po:ras]

[o:1t(9) reif(a)n]

[ kompaund]
['den(t)siti]
[sin'thetik]
[di'ta:d3(o)nt]
[a:ti"fif(o)]]
[im'pjuorati]

[mi: Benodzon]
['mi:Bein "haidreit]

['haidrodzon ‘sAlfaid]

BO3TOpaeMbIi, BOCIUIAMEHSIEMBIN
TOJIIIA TTOPOT

YTOJIbHBIN TIJIACT

YTOJIBHBIN TUTACT
3a00JI0YEHHOE MECTO, TEPPUTOPHUSL
HaBOJHCHHE

JNECTPYKIIUS

OKHCTICHHE

TopdsiHOE 6OJIOTO
PACTHTEIBHOCTh

HACBHIIIEHUE YTIEPOJIOM
MOAXOASIINHI, MPUTOAHBINA
MOCJIEJIOBATENHEHO
00e3B0OKEHHBII

pasnuB HeTH

BIIQKHOCTh

HE3PEIbIH

30JIbHOCTD

paspes

naBa

AKCKaBaTop, AparjanH
MOJJbEMHUK, TOMKpPAT
rasuQuKanms

COKIKCHHE

YIJIE€BOAOPOA

TTOPUCTBIN

npeoOpa3oBaHue, U3MCHEHHE
COeJIMHEHUE

IUIOTHOCTB

CUHTETHYECKHN KaydyK
MOIOIIIEE CPEACTBO
HCKYCCTBEHHOE BOJIIOKHO
MIPUMECh

METaHOOPA3YIOIIHI OPraHu3M
METAHOBBIHA THIPAT
CEpOBOJOPONT
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1.5 COMMON AND RARE MINERALS

COMMON MINERALS
Aluminum

Is the most abundant metal element in
the Earth’s crust. Bauxite is the main source
of aluminum. Aluminum is used in the
United States in packaging, transportation,
and building. Guinea and Australia have
about one-half of the world’s reserves. Other
countries with major reserves include Brazil,
Jamaica, and India

Bauxite

A general term for a rock composed of
hydrated aluminum oxide. It is the main ore
of alumina to make aluminum. Also used in
the production of synthetic corundum and
aluminous refractories.

Corundum is a white, grey, blue, green, red, yellow, or brown mineral,
found in metamorphosed shales and limestones, in veins, and in some
igneous rocks. It is used as an abrasive and as gemstone; the red variety is
ruby, the blue is sapphire. Composition: aluminum oxide.

Antimony

A native element is extracted from stibnite — a
soft greyish mineral that consists of antimony
sulphide, — and other minerals.

Antimony is used as a hardening alloy for
lead. Also used in bearing metal, type metal — it
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is an alloy of tin, lead and antimony; solder — an alloy for joining two metal
surfaces by melting the alloy so that it forms a thin layer between the
surfaces; collapsible tubes and foil, pipes, and semiconductor technology.

Stibnite

Stibnite — the main ore of Antimony. It is the
most important ore of antimony. Stibnite is used
for metal antifriction alloys, type metal, batteries,
in the manufacture of fireworks. Antimony salts
are used in the rubber and textile industries, in
medicine, and glassmaking.

Asbestos

This group of silicate minerals can be readily
separated into such kind as:

thin fibers;

strong fibers that are flexible;
heat resistant fibers;
chemically inert fibers;

Asbestos minerals are suitable for use in fireproof fabrics, yarn, cloth,
paper, paint filler, roofing composition, reinforcing agent in rubber and
plastics, brake linings, tiles, electrical and heat insulation, cement, and
chemical filters

Barium

Used as an additive in oil-well-drilling mud
during oil extraction , in the paper and rubber
industries, as a filler or extender in production of
cloth, ink, and plastics products, in radiography, as
deoxidizer for copper, lubricant for anode rotors in
X-ray tubes and spark-plugs. Also used to make an
expensive white pigment.
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Beryllium

Beryllium alloys are wused mostly in
applications in aerospace, automobiles, computers,
oil and gas drilling equipment, and for
telecommunications. Beryllium salts are used in
fluorescent lamps, in X-ray tubes and as a
deoxidizer in bronze metallurgy. Beryllium is the
source of the gem stones emerald and aquamarine.

Chromite

Chromite (chromium): about 99 percent of
the world’s chromite is found in southern Africa
and Zimbabwe. Chemical and metallurgical
industries use about 85% of the chromite
consumed in the United States.

Cobalt

Used in alloys for jet engines, chemicals
(paint, catalysts, magnetic coatings, pigments,
rechargeable batteries), magnets, and cemented
carbides for cutting tools.

Principal cobalt producing countries include
Democratic Republic of the Congo, Zambia,
Canada, Cuba, Australia, and Russia.

The United States uses about one-third of total world consumption.
Cobalt resources in the United States are low grade and production from
these deposits is usually not economically feasible.

Columbite

Columbite: tantalite group (columbium is another name for niobium).
Columbite is a natural oxide of niobium, tantalum, ferrous iron and
manganese. Some quantity of tin and tungsten may be present
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in the mineral.

Columbite, in the form of ferrocolumbium, is
used mostly as an additive in steel making and for
such  applications as  heat-resisting  and
combustion equipment, jet engine components,
and rocket, in cemented carbides and in
superconductors.

Brazil and Canada are the world’s leading producers of columbite.
Copper

Copper used in electric cables and wires,
switches, plumbing, heating, roofing and building
construction, chemical and pharmaceutical
machinery, alloys (brass, bronze, and a new alloy
with 3% beryllium that is particularly vibration
resistant), alloy castings, electroplated protective
coatings and undercoats for nickel, chromium,
zinc, etc., and cooking utensils.

The leading producer is Chile, followed by the U.S.A. and Indonesia.
Feldspar

A rock-forming mineral, industrially
important in glass and ceramic industries,
pottery and enamelware, soaps, abrasives, bond
for abrasive wheels, cements and concretes,
insulating  compositions, fertilizer, tarred
roofing materials, and as a filler in textiles and

paper.

Albite is a feldspar mineral and is a sodium aluminum silicate. This
form of feldspar is used as a glaze in ceramics.
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Flourite

Fluorite (fluorspar) used in production of
hydrofluoric acid, which is used in the
electroplating, stainless steel, refrigerant, and
plastics industries; in production of aluminum
fluoride, which is used in aluminum smelting, as
a flux in ceramics and glass, and in steel furnaces,
and in emery wheels, optics, and welding rods

Gold

Used in dentistry and medicine in jewelry and

of Value for scientific and electrome instruments,
as an electrolyte in the electro-plating industry.

South Africa has about half of the world’s
resources. Significant quantities are also present in
the U.S., Australia, Brazil, Canada, China, and
Russia.

Gypsum

Gypsum is a colourless or white mineral sometimes tinted by
impurities. It is used in the manufacture of building plaster, cement, paint,
school chalk, glass, fertilizers, agriculture and other uses.

Halite

Halite (Sodium chloride-Salt): Used in
human and animal diet, food seasoning and food
preservation, used to prepare sodium hydroxide,
soda ash, caustic soda, hydrochloric acid,
chlorine, metallic sodium. Used in ceramic
glazes, metallurgy, curing of hides, mineral
waters, soap manufacture, home water softeners,
highway de-icing, photography, herbicide, fire
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extinguishing, nuclear reactors, mouthwash, in scientific equipment for
optical parts.

Single crystals used for spectroscopy, ultraviolet and infrared
transmission.

Iron ore

About 98% of iron ore is used to make steel
— one of the greatest inventions and most useful
materials ever created. While the other uses for
iron ore and iron are only a very small amount of
the consumption, they provide excellent
examples of the ingenuity and the multitude of
uses that man can create from our natural
resources.

Powdered iron

Used in metallurgy products, magnets, high-frequency cores, auto
parts, catalyst.

Radioactive iron (iron 59): in medicine, tracer element in biochemical
and metallurgical research.

Iron blue: in paints, printing inks, plastics,
cosmetics (eye shadow), artist colors, paper
dyeing, fertilizer ingredient, baked enamel
finishes for autos and appliances, industrial
finishes.

Black iron oxide: as pigment, in polishing compounds, metallurgy,
medicine, magnetic inks, in ferrites for electronics industry.

Major producers of iron ore include Australia, Brazil, China, Russia,
and India.



54

Chapterq

Kaolin

Also known as “china clay” is a white,
aluminosilicate mineral widely used in paints,
refractories, plastics, sanitary wares, fiberglass,
adhesives, ceramics, and rubber products.

Lead

Used in lead batteries, gasoline tanks, and solders, seals, used in
electrical and electronic applications, TV tubes, TV glass, construction,
communications, protective coatings, ceramics or crystal glass, tubes or
containers, type metal, foil or wire, X-ray and gamma radiation shielding,
soundproofing material in construction industry,
and ammunition.

The U.S.A. is the world’s largest producer
and consumer of refined lead metal. Major
producers of lead other than the U.S.A. include
Australia, Canada, China, Peru, and Kazakhstan.

Galena

A lead sulfide, the commonest ore of lead. This a grey mineral, found
in hydrothermal veins. Galena is mainly used in making lead-acid batteries;
however, significant amounts are also used to make lead sheets and shot.

Limestone

A sedimentary rock is composed mostly of
the mineral calcite. Uses are numerous.
Limestone is a basic building block of the
construction industry and the chief material from
which cement, lime, and building stone are made.

71% of all crushed stone produced in the U.S.A. Limestone is used as a
source for lime. It is used to make paper, plastics, glass, paint, steel,
cement; used in water treatment and purification plants, in the processing
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of various foods and household items (including medicines).
Lithium

It is a soft, silver-white metal belonging to the
alkali metal group of chemical elements. Under
standard conditions it is the lightest metal and the
least dense solid element. Like all alkali metals,
lithium is highly reactive and flammable.

Lithium compounds are used in ceramics and
glass, in the manufacture of lubricants and
greases, rocket propellants, vitamin A synthesis, silver solders, underwater
devices, batteries.

Manganese

Manganese makes up about 0.1% of the
Earth’s crust, making it the 12th most abundant
element there. Land-based resources are large but
irregularly distributed. About 80% of the known
world manganese resources are found in South
Africa; other important manganese deposits are in
Ukraine, Australia, India, China, Gabon and
Brazil.

Manganese is essential to iron and steel production by virtue of its
deoxidizing and alloying properties.

Mica

The mica group of sheet silicate
(phyllosilicate) minerals includes several closely
related materials having close to perfect cleavage.

Mica commonly occur as flakes or sheets.
Sheets muscovite mica (white) is used in electronic
insulators (mainly in vacuum tubes), in paints, as




56 Chapterq

joint cement, as a dusting agent, in well-drilling muds, and in plastic,
roofing, rubber, and welding rods.

Molybdenum

The two largest uses of molybdenum are as an
alloy in stainless steels and in alloy steels — these
two uses consume about 60% of the molybdenum
needs in the United States. Stainless steels include
the strength and corrosion-resistant requirements
for water distribution systems, food handling
equipment, chemical processing equipment, home,
hospital, and laboratory requirements. Alloy steels include the stronger and
tougher steels needed to make automotive parts, construction equipment,
gas transmission pipes. Other major uses an alloy include tool steels, for
things like bearings, dies, machining components, cast irons, for steel mill
rolls, auto parts, crusher parts, super alloys for use in furnace parts, gas
turbine parts, chemical processing equipment.

Molybdenum

Molybdenum also is an important material for the chemicals and
lubricant industries. Moly has uses as catalysts, paint pigments, corrosion
inhibitors, dry lubricant on space vehicles and resistant to high loads and
temperatures. As a pure metal, molybdenum is used because of its high
melting temperatures as filament supports in light bulbs, metal-working
dies and furnace parts. Major producing countries are China, Chile, and the
U.S.A.

Nickel

Nickel as an alloying constituent of stainless
steel, plays key role in the chemical and aerospace
industries.

Leading producers include Australia, Canada,
Norway and Russia. Large reserves are found in
Australia, Cuba, New Caledonia, Canada,
Indonesia, the Philippines, and Russia.

S

Nickel
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Platinum group metals

Platinum group metals include
platinum, palladium, rhodium, iridium,
osmium and ruthenium. They
commonly occur together in nature
and are among the most scarce of the
metallic elements. Platinum is used
principally as catalysts for the control
of automobile and industrial plant

emissions, as catalysts to produce acids, organic chemicals and
pharmaceuticals. PGMs are used for making glass fibers used in fiber-
reinforced plastic and other advanced materials, in electrical contacts, in
capacitors, in conductive and resistive films used in electronic circuits, in
dental alloys used for making crowns and bridges, in jewelry. Russia and
South Africa have nearly all the world’s reserves.

Potash

Usually chloride of potassium. Used
in medicine,
chemical industry and is used to produce
decorative color effects on brass, bronze
Can also be potassium
sulfate, potassium-magnesium sulfate,
and potassium nitrate. Is an essential
mineral for vegetable and animal life.

as a fertilizer,

and nickel.

in the

Pyrite

Used in the manufacture of sulfuric
acid and sulfur dioxide. Pellets of
pressed pyrite dust are used to recover
iron, gold, copper, cobalt, nickel. Also
used to make inexpensive jewelry.
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Quartz (silica)

As a crystal, quartz is wused as

semiprecious stone. Cryptocrystalline forms
may also be gem stones: agate, jasper, onyx,
carnelian, chalcedony, etc. Crystalline gem
varieties include amethyst, citrine, rose quartz,
smoky quartz, etc. Because of its piezoelectric

properties quartz is used for

pressure gauges, resonators and wave stabilizers. Because of its ability to
rotate the plane of polarization of light and its transparency in ultraviolet
rays, prism and spectrographic lenses. Used in the manufacture of glass,

paints, abrasives, and precision instruments.
Rare minerals and their uses

Industrial consumption of rare earth
ores 1s primarily in petroleum fluid,
metallurgical  additives, ceramics and
polishing compounds, permanent magnets
and phosphors.

Rare earth elements are lanthanum,
cerium, praseodymium, neodymium,

promethium, samarium, europium, gadolinium, terbium, dysprosium,

holmium, erbium, thulium, ytterbium, and lutetium.

Silicon

thermal insulator.

Silicon (commonly called quartz). Used in
manufacture of special steels and cast iron,
aluminum alloys, glass and refractory materials,
ceramics, abrasives,
component of hydraulic cements, in cosmetics,
pharmaceuticals and paper manufacturing, as anti-
caking agent in foods, flatting agent in paints,

water filtration,
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Fused silica is used as an ablative material in rocket engines and
spacecraft. Silica fibers used in reinforced plastics.

Silver

Used in photography, jewelry, in electronics
because of its very high conductivity, as currency
— generally in some form of an alloy, in lining vats
and other equipment for chemical reaction vessels,
water distillation, etc.; catalyst in manufacture of
ethylene, mirrors, electric conductors, batteries,
silver plating, table cutlery, dental, medical and
scientific equipment, electrical contacts, bearing
metal, magnet windings, brazing alloys, solder. Silver is mined in
approximately 56 countries. Nevada produces over one-third of the U.S.A.
silver. Largest silver reserves are found in the U.S.A., Canada, Mexico,
Peru and China.

Sodium carbonate

Sodium carbonate (soda ash or
trona): used in glass container
manufacture, in fiber glass and specialty -
glass, also used in production of flat
glass, in powdered detergents, in
medicine, as a food additive, “m. S
photography, cleaning and boiler gigs
compounds, pH control of water.

Sulfur

Used in the manufacture of sulfuric acid,
fertilizers, chemicals, explosives, dyestuffs,
petroleum refining, vulcanization of rubber,
fungicides.
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Tantalum

A refractory metal with unique electrical,
chemical and physical properties that is used
mostly as tantalum metal powder in the production
of electronic components, mainly tantalum
capacitors. Alloyed with other metals, tantalum is
also used in making cemented carbide tools for
metal working equipment, and in the production of
superalloys for jet engine components.

Australia, Brazil, Canada, Congo, Ethiopia and Rwanda are leading
tantalum ore producers.

Titanium

Titanium is a strong lightweight metal often
used in airplanes. When titanium combines with
oxygen, it forms titanium dioxide (TiO,), a
brilliant white pigment used in paint, paper and
plastics. Major deposits of titanium minerals are
found in Australia, Canada, India, Norway, South
Africa, Ukraine and the United States.

Rutile

Rutile is a mineral composed primarily of
titanium dioxide, Ti10,.

Rutile has among the highest refractive
indices of any known mineral and also exhibits
high dispersion. Natural rutile may contain up to
10% iron and significant amounts of niobium
and tantalum.

Used in alloys, for electrodes in arc lights,
to give a yellow color to porcelain and false
teeth.



1.5 Common and rare minerals

61

Zeolites

Used in aquaculture (fish hatcheries for
removing ammonia from the water), water
softener, in catalysts,
removing radioactive ions from effluent.

Zinc

Used as protective coating on steel, as an

Tungsten

Used in metalworking, construction and
electrical machinery and equipment, in
transportation  equipment, as filament in
lightbulbs, as a carbide in drilling equipment, in
heat and radiation shielding, textile dyes, enamels,
paints, and for coloring glass. Major producers are
China, Korea and Russia. Large reserves are also
found in the U.S.A., Bolivia, Canada, Germany.

Vanadium

Used in metal alloys, important in the
production of aerospace titanium alloys, as a
catalyst for production of maleic anhydride and
sulfuric acid, in dyes and mordants, as target
material for X-rays. Russia and South Africa are
the world’s largest producers of vanadium. Large
reserves are also found in the U.S.A., Canada and
China.

odor control, and for

alloying metal with copper to make brass, as
chemical compounds in rubber and paints, in
metal spraying, automotive parts, electrical fuses,
anodes, fungicides, nutrition (essential growth
element), chemicals, in catalysts and in additives
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to lubricating oils.

Zinc oxide: in medicine, in paints, as an activator and accelerator in
vulcanizing rubber, as an electrostatic and photoconductive agent in
photocopying.

Zinc dust: for primers, paints, precipitation of noble metals, removal of
impurities from solution in zinc electrowinning.

Zinc is mined in about 40 countries with China the leading producer,
followed by Australia, Peru, Canada and the United States.
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Questions

1. Give the definition to a mineral.

2. Why is it so important for each country to have mineral resources?
3. Where and how do we use minerals in our life?

4. What is the difference between mineral resources and mineral
reserves?

5. Name geological processes that cause particular minerals to be
concentrated to form mineral deposit.

6. Name categories of mineral reserves.

7. What are the metallic and non-metallic minerals? What is the
difference between them?

8. What do we use coal for?

9. What common minerals do you know? Show their deposits on the
mineral map of the world.

10. Name the countries that have significant mineral resources. And
name the type of minerals each country possesses.
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abundant

alumina
corundum
ruby
sapphire
harden

bearing metal
type metal
melting

foil

heat resistant
fireproof

tile

filler

extender
emerald

ferrous iron

jet engine
feldspar
reflactories
gasoline tank
seal

crystal glass
shot

purification plant
grease

cleavage

flake

muscovite mica
water distribution
system
automotive parts
cast iron

scarce

jasper

Vocabulary

[2’bandant]

[slu:and(9)ns]]
[ka’random]

['ru:bi]
[
[

’sa%fala]

[’bearin *met(a)l)
[’taip *met(9)l]
[‘meltin]
[foil ]

[hi:t ri’zist(o)n]
[faiepru:f]

[tail]

[*filo]
[ik’stendoa]
["’em(o)r(a)ld]
[feras ’aion]
[d3et *end3in]
[feldspar:]
[ri’freekt(o)riz:]
[gaes(o)li:n taenk]
[si:
[

krist(a)l gla:s]

[Jot]
pjuer1d1’ke1f(s)n pla:nt]

[

[

[ kh vidz]

[fleik ]

[maskovait *maika]
[’wota: distri’bju;f(o)n
’sistom]

o:to’moutiv pa:ts]
ka:st *aion]

skeas]

[
[
[
[d3eespo]

IIPOKO PACIPOCTPAHCHHBIMH, Ya-
CTO BCTpeYarouuncs

OKCH/I aJIFOMUHUS

KOPYHZ

pyOUH (IPKO-KpaCHBIH)

candup (TEMHO-CUHUH)
CTaHOBUTCS WIIH JEJIATh TBEPIBIM,
TBEPICTDH

IO IIITMITHAKOBBIN METaILT

TUTOTpaCKUH CIIIaB
IUTaBJICHHUE

¢ompra

TEPMOCTONKHN
OTHEYTIOPHBIN

Yepenuia

HATIOJHHUTENb

JI00aBKa, HATIOJTHUTEIIb
H3yMpya
IBYXBAJICHTHBIN QeppyM
PEaKTUBHBIN IBUTATENb
MOJIEBOM IIMaT
OTHEYIOpHAst KepaMHKa
Oenzobak

M30JIAPYIOIHIA MaTepua
XpycTaib

LIIyp

OUYHCTHOE COOPYKCHIE
JKHP, CMa309HOE BEIIECTBO
oTcioeHue (TOPHBIX MOPO)
yenryika

Oenas cirroga, MOCKOBHT
cUcTEMA BOJIOCHAOKEHUS

aBTO3aI4acTu
YYTYH
JIeUITUTHBIN, PEeIKHNA
SIIMa
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pressure gauge
transparency
rare earth

vat

explosive
refractive index

['prefa geids]
[treen’spaer(o)n(t)si]
[res e:0O]

[veet]

[ik’splousiv]
[ri’freektive ’indeks]

MaHOMET]

MPO3PaYHOCTh
peIKO3eMETbHBII

0ak, mEcTepHa
B3PBIBYATOE BEIIECTBO
MOKa3aTelb MPeIOMIICHUS
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2.1 MINING. OVERVIEW

Process of extracting

Mining is the process of
extracting useful minerals from the
surface of the Earth (including sea
extraction) usually from an ore body,
vein or coal seam.

This term also includes the
removal of soil. Materials recovered
by mining include base metals,
precious metals, iron, uranium, coal,
diamonds, limestone, rock salt and
potash. Mining is required to obtain
any material that cannot be grown
through agricultural processes, or
created artificially in a laboratory or
factory. Mining in a wider sense
comprises extraction of any non-
renewable resource (e.g., petroleum,
natural gas, or even water).

Start of mining

Mining of stone and metal has been
done since pre-historic times.

Modern mining is a costly and
complicated business. It starts with the
location of probably mineral veins.
Prospecting and exploration require a great
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deal of knowledge in the Earth
sciences to find likely mining
locations.

Once the location is determined,
mining engineers decide the best way
to mine it. Mining can be done as a
surface operation or it can be done by
an underground method

Open pit

Sometimes a vein of ore runs from the surface deep into the ground.
Ore that is found at the surface is mined from the open pit. More than two-
thirds of the world's annual mineral production is extracted by surface
mining.

Scheme of underground mine workings

The openings made in the process of extracting ore are called stopes.
There are two steps involved in stoping: development (preparing the ore
blocks for mining) and production (stoping itself).
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1 — main vertical shaft; 2 — flange air shaft; 3 — vertical blind shaft;
4 — cross-cut; 5 — drift of foot wall; 6 — ort; 7 — drift of hanging wall;
8 — air rise; 9 —foot way rise; 10 — orepass and rockpass rises

Fig. 2.1 Scheme of underground mine workings location

Mining processes

Modern mining processes involve:

1. Prospecting for ore bodies

2. Analysis of the profit potential of a proposed mine
3. Extraction of the desired materials

4. Finally reclamation of the land to prepare it for other uses once the
mine is closed.
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Negative impact

The nature of mining processes creates a
potential negative impact on the environment
both during the mining operations and for years
after the mine is closed. This impact has led to
most of the world's nations adopting regulations
to moderate the negative effects of mining
operations.

Safety has long been a concern as well,
though modern practices have improved safety
in mines significantly.

Engineering discipline

Mining engineering is an engineering discipline that involves the
practice, the theory, the science, the technology, and application of
extracting and processing minerals from a naturally occurring environment.
Mining engineering also includes processing minerals for additional value.
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Questions

1. Mining is the process

a) a surface operation or it can be
done by an underground method

2. Mining is required

b) comprises extraction of any non-
renewable resource

3. Mining can be done as

c) a great deal of knowledge in the
Earth sciences

4. Mining in a wider sense

d) are called stopes

5. The openings made in the

process of extracting ore

e) of extraction useful minerals or
other geological materials

6. Prospecting and exploration
require

f)  processing  minerals  for

additional value

7. Mining also

includes

engineering

g) to obtain any material
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determine

coal seam
complicated
comprise
created artificially
extraction
impact

involve
limestone
non-renewable resource
obtain

ore body
potash
precious metals
process
prospecting
reclamation
recovered
removal
require

rock salt

soil

stone

stope

surface

vein

Vocabulary

[d1'tormon]

[ 'koul "si:m]

[ 'kamplo kertad]
[kom praiz]

[kri: ertid [artificially]
[1k 'straekfon]
[1m'paekt]
[m'valv]

['larm stoun]
[non-renewable] [ 'ri: sors]
[ab'temn]

['or "badi:]
['pat, /]
['prefos ‘metolz]
[ pra ses]

[ pra,spektm]

[ reklo'merfon]
[r1 kovord]
[r1'mu:val]
[r1'kwarr]

[‘rak "solt]
['sotl]

['stoun]

['stoup]

['sarfas]

['vemn]

YCTaHABIMBATH, OMIPEIEISATE
YIOJbHBIN TUIaCT
3aTPYIHUTEIbHBIN
3aKJIF0YaTh B ceOe
CO3/IaHHBIN UCKYCCTBCHHO
HU3BJICUCHHUE, J0OBIUA
BO3JICHCTBUE

MIPUBJICKATH

W3BECTHSIK
HEBO300HOBIISIEMBII PeCypc
npuoOpeTaTh, MOTy4aTh
pyIHOE TeJo

KaJuit

[BETHBIC METAaJLTbI
mpotiecc

MTOWCK, pa3Be/IKa
BOCCTAHOBJICHHE
W3BJICKAEMBIN
yCTpaHEHHUe, yJajieHne
TpeboBaTh

KaMEHHasl COJTb

MOYBa, BCKPHIIIA

KaMeHb

BBIpabOTKa

MOBEPXHOCTH

KuIa
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2.2 HISTORY OF MINING

Archeological discoveries

Mining is the process of
extracting useful minerals from the
surface of the Earth (including sea)
usually from an ore body, vein or
coal seam.

Archeological discoveries
indicate that mining was known in
prehistoric times. The first mineral
found was flint, which could be
broken to pieces that were useful
as knives and arrowheads. Gold
was one of the first metals utilized.
Gold was mined from streambeds
of sand and gravel. Copper was
probably the second metal
discovered and used. Silver was
also found and was valued more
highly than gold. Other hard rock
mined or collected for axes
included greenstone.

The oldest known underground mine in the world was run more than
40,000 years ago in Swaziland to mine ochre used in burial ceremonies and
as body colouring.

Georgius Agricola

The book on mining "De re Metallica" (1556) by the German scholar
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) . Georgius Agricola is the best source of

| DR RE METALLIGA information on early mining techniques,
—a— many of which are still used or were used
e — until recently: picks and hammers,

ventilation and pumping systems and cart-
like "tricks" for hauling minerals to name a
few. Agricola describes detailed methods
of drilling, shafts and tunnels, timber
support systems, etc.

Great progress

Great progress in mining was made when the secret of black powder
reached the West, probably from China in the late Middle Ages.
Gunpowder was replaced by dynamite in
the mid-XIXth century. Since 1956 both
ammonium nitrate and slurries (mixture of
water, fuels and oxidizers) have come into
use.

The invention of mechanical drills
increased the capability to mine hard rock
decreasing the cost and time for excavation
by many times. The first rotary drill
appeared in England in 1813. In Germany
in 1853 a drill that resembled modern air
drills invented. Pistol drills were followed
by hammer drills run by compressed air.

Later advances included improvements
in loading methods, usage of electric
locomotives and conveyors, steam-driven
pumps to remove water from the deep
mines. In 1930s battery-powered cap lamps
began entering mines...




2.2 History of mining

11

Surface and underground methods

Modern mining is a costly and complicated business. It starts with the
locating of probable mineral veins. Prospecting and exploration require a
great deal of knowledge in the Earth sciences to find likely mining
locations. Once the location is determined, mining engineers decide the best
way to mine it. Mining can be done as a surface operation or it can be done
by an underground method.

Sometimes a vein of ore runs from the surface deep into the ground.
Ore that is found at the surface is mined from the open pit. More than two-
thirds of the world's annual mineral production is extracted by surface
mining.

The openings made in
the process of extracting
ore are called stopes. There
are two steps involved in
stoping: development
(preparing the ore blocks
for mining) and production
(stoping itself).
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Technology

Technology has developed to the point where gold is now mined
underground at depths of 4000 m, and the deepest surface mines have been
excavated to more than 700 m.

It is the machines that provide the strength and trained miners who
provide the brains needed today to prevail in this highly competitive
industry.

Questions

1. How is ore found at the surface mined ?

2. How many steps are there in stoping ?

3. How can mining be carried out ?

4. When was the great progress in mining made ?

5. What does Agricola describe ?
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battery powered cap lamp
competitive
determine

discover

excavate; excavation

extracting

hammer

hard rock

improvements in loading
methods

invention

location of probable min-
eral veins

open pit

ore body, vein or seam

prospect
prospecting
explore
exploration

provide

require
shaft and tunnel

source of information

steam-driven pump

Vocabulary

[ 'beetri: powered
‘keep 'lemp]

[kom'petotrv]
[d1'tormon]

[dis kovar]

[excavate]
[ ekska'verfon]

1k 'straektin]
‘heemor]

‘hard 'rak]
m'pru:vmonts 'm
‘lovdm ‘'meBadz]
[m'venfon]

[lou 'ketfon ov
‘prabobal ‘minrol
‘vemz]

————

[‘oupan 'pit]

['or 'badi:, 'vem ar
‘sim]

[ 'pra,spekt]

[ 'pra,spektm]
[1k'splor]

[ ekspla'rerfan]
[

pro'vaid]

[r1 kwair]

['feft ond "tonal]
['sors ov

nfor ' metfon]
[steam-driven

‘pamp]

IIaxTepcKas 1amrma ¢ 6atapeiHBIM TTH-
TaHUEM

KOHKYPEHTOCIIOCOOHBIN, KOHKYPEHT-
HBIN

OTIpENIEIISITh, yCTAaHABIUBATH, U3ME-
PSITh, BEIYUCIIATH

OTKpHIBAaTh, OOHAPYKUBATH (MECTO-
pOKIIEeHHUE)

BBIHUMATh TPYHT, IPOU3BOJIUTH 3EM-
TSTHBIE paOOTHI

pa3pabaThIBaTh OTKPHITBIM CITIOCOOOM,
BBIEMKa/pa3paboTka IpyHTa,
3eMJISTHbIE/3KCKaBaTOPHBIE pabOTHI,
OTKpHITasi TOpHas BEIPabOTKa

JI00bIYa (MUHEPAJIOB)

MOJIOT, KyBaliia, OTOOHHBIN MOJOTOK
KpeTKas/TBepast/cKambHasl opoaa

MOZEPHH3ALHS METOAOB MOTPY3KU
n300peTeHne, OTKPhITHE

OIpEACICHNUEC BEPOATHOTO MECTOIIOJIO-
KCHUA KUJI IOJIC3HBIX UCKOIIACMBbIX

Kapbep, OTKPBITas pazpaboTka (MUHE-
pajoB)

PYIHOE TEJIO, )KUJIa WK
MJ1acT/IMPOCIIOEK

MIPOU3BOIUTH M3BICKAHUS
pa3BeZ09YHbIC PaOOTHI

HCCIICIOBATh

HCCIIEIOBAaHUE MECTOPOKICHIS
obOecrnieynBaTh, CHAOXKAaTh, IPEIOCTAB-
JSITh, OCHAIIATH

TpeboBath(cs), HyKAaThCS (B YeM-
m60)

CTBOJI IAXTHI U IITOJIBHS

HMCTOYHUK HMH(DOpMAITIH

[IapoBOI Hacoc
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stope
surface of the Earth
surface operation

timber support system

underground method

value
ventilation and pumping
system

‘stoup]

‘sorfas ov 09 "orf]
‘sorfos ,apa'reifon]
‘trmbar sa'port
‘sistom]

[ ondor'graeond
‘mebad]

['velju:]

[ venta'lerfon ond
‘pomp1y ‘sistom]

L B W W |

BBICMOYHAs Kamepa
3eMHasl IIOBEPXHOCTh
pa3paboTKa OTKPBITBIM CITOCOOOM

crucTeMa JIepeBSIHHOM Kpenu

pa3zpaboTKa MoA3eMHBIM CIIOCOOOM

3HaYCHHE, BETMYMHA, [IeHa, CTOUMOCTh
BEHTWIALIMOHHAS U HACOCHAS
YCTaHOBKA



2.3 Professional foreign language for mining engineers in the National Mining University of Ukraine

81

2.3 PROFESSIONAL FOREIGN LANGUAGE FOR
MINING ENGINEERS IN THE NATIONAL MINING
UNIVERSITY OF UKRAINE

National mining university

NMU is in the top of three best technical
universities of Ukraine as to the quality of the
scientific-pedagogical potential and the quality of
teaching and for international recognition. He is
ahead of such universities as:

Rise
The National Mining University was established in 1899.

The main task of the University was to train mining engineers and
technicians, to popularize technological achievements among miners, to
work on important problems of mining and metallurgical engineering.

The National Mining University introduced a new course in coal
mining mechanization which provided the basis for the development of
mining engineering.
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The University established close contacts with the coal and ore mining
industries. The scientists are carrying out scientific research and work on
important mining problems.

The two scientists A.M. Terpigorev and M.M. Protodyakonov wrote
the first textbook on machinery for mining layer deposits (minerals). The
National Mining University is one of the best-known educational
universities in Ukraine. It has well-equipped laboratories, demonstration
rooms and a library which has many volumes of Ukrainian and foreign
scientific books and journals.

National mining university today

Today the «National Mining University» is one of the leading
educational establishments and the leading educational establishment of the
country in geological prospecting and mining sectors.

There are 53 departments in the University that are united in 9
faculties of full time education, Institute of part-time and distance
education, postgraduate and doctoral studies, Interdisciplinary institute of
continuous education, developed science- research section, Ukrainian-
American Linguistic Center, Center of Language Training, Ukrainian-
German Cultural Center, Ukrainian-Hispanic-Latin American Center,
Ukrainian-Polish Collaboration and Language Learning Center, Center of
Energy Saving and Energy Management, Prydniprovs'’k Scientific-
Technical Center of Information Protection, Ukrainian-American Lyceum,
Marganets'k college, Auto Transport College and Pavlograd technical
vocational college. There are about 16000 students, postgraduates and
doctoral postgraduates in 27 modern specialities studying at the University.
Studying process is provided by more than 600 teachers, including more
than 150 doctors of sciences, professors and 350 PHDs, professor
associates. High quality of education is guaranteed by the developed
infrastructure of the studying process, modern calculation equipment, local
and global computer networks, library with fund of more than 1 million
volumes, strong material-technical base of the laboratories, Up-to-date
educational technologies.
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Mining faculty

The faculty was founded in 1899. It comprises 7 departments:

Underground Mining;

Surface Mining;

Aerology and Labour Protection;
Transport systems and technologies;
Ecology;

Military Service;

Physical Training.

Mining faculty conducts preparation of the future specialists based on
such areas and specialities:

Mining of the deposits and extraction of minerals
Underground mining of stratified deposits;
Underground mining of ore deposits;

Designing of mines and underground structures;

Underground mining of minerals with profound learning of
information technologies;

Underground mining of minerals with profound learning of
profession- oriented English language;

Underground mining of minerals with profound learning of
management in production field,;

Transport systems and logistics of mining enterprises;
Gas accumulation and transport technologies; Surface mining;

Labor protection in mining production.

At the mining faculty educational process is provided by 29 professors,
62 associate Professors, 26 research assistants.
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Graduates' objects of activities:

Educational process is organized by European
Credit Transfer and Accumulation System (ECTS)
using innovational technologies, high potential of
material-technical and information-methodological
personnel Graduates of the mining faculty are:

Underground and surface mining; labor
protection at mining enterprises;

Organization and exploitation of transport
complexes at mining  enterprises;
environment safety of mining industry.

Prime-minister of Ukraine;

Minister of Coal Industry;

Head of the Regional State Administration;

4 general directors of coal enterprises association;

20 directors of coal mines;

7 Laureates of State Prize of Ukraine;

10 honored workers of education of Ukraine;

7 honored figures of science and technology of Ukraine;
50 doctors and 400 PhD's.

Underground mining department

Underground Mining Department was established
in 1900 in order to prepare specialists in underground
mining. There are 54 people working at the department
nowadays, among them there are 10 professors, 22
professor associates and 9 research assistants.
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Underground mining
department is engaged in the
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e innovative technologies of opening, development and extraction
of coal, iron-ore, uranium, copper and manganese deposits;

e methods of calculation of rational parameters of various types
of support,

e management of strain and stress state of the massif;

e ventilation of mine openings;

e underground coal gasification technologies;

e research of ecological environment and geomechanical
processes;

e cconomic aspects and investment-innovative ways of mining
industry development and other important topics.
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The department of Underground Mining during its existence has
prepared more than 20,000 mining engineers.

Knowledge

Mining engineers with knowledge of

general and professional English will
always be competitive at world labor
market.

Possibilities:

Importance and summary

The aim is clear:

Study and field practice in the
leading  Higher  Education
Establishments of mining profile in countries the European
Union, Northern America, Australia and others;

Diploma of an international standard;

Employment at mining enterprises of Europe and rest of the
world.

Integration with the European
Society;

Beginning of massive exchange
of students, postgraduates and scientific- educational personnel;

Mutual supervising of PhD and doctoral students, defense of
theses;

Invitation of Professors abroad to read lectures in English for
advanced students;

Implementation of mutual scientific projects using international
financial programs.



Questions

Questions

Match the verbs from the list A with the corresponding nouns from
the list B. Translate of the phrases.

A B
1. to carry out a) New courses
2. to direct b) laboratories
3. to prospect for ) experiments
4. to introduce d) research
5. to equip e) contacts
6. to establish f) new deposits
7. college g) vocational

In the right column you must find Russian equivalents of the
following words combinations.

1) mining equipment 0) MOATrOTOBKA TOPHBIX MHKEHE-
poB

2) to carry out research B) pa3Beqka HePpTH

3) new course in r) 00pab0TKa IBETHBIX METAJIJIOB

4) to direct scientific activity 1) TEXHUYECKOE 00pa3oBaHue

5) to take an active part in €) HOBBIH (Y4eOHBII) KypC 10

6) prospecting for oil ) MPUHAMATh aKTUBHOE YJacCTHE

7) bedded deposit 3) MPOBOJIUTH UCCIICTOBAHMUS

9) technical education 1) HaIpaBJISITh HAYYHYIO J€ATENb-
HOCTH

10) processing of non-ferrous K) TOpHOE 000pY/I0BaHHE

metals

11) the training of geologist and J1) TJIACTOBBIE MECTOPOKICHUS

mining engineers
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appear
acknowledgment
disappear

bed

colliery

comprise

get an education
graduate

to be in need of

to take part in
concentration plant
training

technique

mining technique

research
process
ore

ore mining

open-cast mine
cast iron

pig iron

establish
non-ferrous metals
ferrous metals

carry out

call for

Vocabulary
[o'pur]
[1k'nalidzmont]
[ disa’pir]
['bed]
[ 'kaljori:]

[kom praiz]

['get on edzo'kerfon]

[ greedzowat]

[ta 'bi: 'mn 'ni:d av]

[to 'tetk "part 'm]

[ kansan'trerfon 'plent]
['tremin]

[tek ni:k]

[ 'marniy tek 'ni:k]
[r1'sartf]

['pra ses]

['or]

[‘or ‘'marniy]
[open-cast] [ 'main]
[ 'keest "arrn]

[ p1g "amrn]
[1'staeblif]
[non-ferrous] [ 'metolz]
['feras 'metoalz]
['keeri: '@ut]

[ kol for]

TOSIBIIATHCS
MpHU3HAHUE, TOITBEPIKICHUE
ucue3arb

IUTACT, CIIOM

KaMEHHOYTOJbHAsI [IIaxTa
collepKaTh, BKIIOYATh
moTy4aTh 00pa3oBaHue
BBITYCKHUK BY3a

HY>KIaThCS B

Y9acTBOBATh B

oOorarutesnbHas (padbpuka
00y4eHHE; TOJATOTOBKA
TEXHHUKa, CII0CO0, METO[], TEXHHU-
YECKUU IIPHEM

TOpHasl TEXHUKA, METO/IbI Bee-
HUS TOPHBIX padoT

Hay4HOE MCCIIe/JOBaHHE
00pabarbIBaTh

pyna

pa3paboTKa pyIHBIX MECTOPOXK-
IEeHUM

OTKpBITasA pazpaboTka

YYT'YH, YyTYHHAs! OTJINBKA
9yTyH

OCHOBBIBATH, CO3aBATh
[BETHBIC METAJLIBI

YepHBIEC METaJLIBI

MIPOBOJIUTH (UCCe008AHUE); BBI-
TIOJIHATD (M1aH)

TpeboBaTh
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2.4 ADVANTAGE OF MINING EDUCATION

Variety of coures

As known young people who are in their last
year at school are planning the next stage in their
education. The variety of courses at universities
and colleges is extensive but many young people
don't have any clear idea about the career they
wish to follow. Those who are primarily
motivated by wealth tend to choose

-

law, business administration, economics or accountancy. Those interested

in fame may choose the arts, the stage, or the media.

Exception

Except perhaps in the countries with
successful manufacturing industries such as
Germany and Japan, where engineers tend to be
held in higher regard, a career in engineering is
not often recommended with any enthusiasm by
school teachers, politicians, TV, newspapers or
teenage magazines. Those influencing young
people tend to be pop singers, TV actors and
sports stars.

The difficulties

It is no wonder, therefore, that many engineering degree courses find it
difficult to attract students, with the result that young graduate engineers in
many fields are in short supply worldwide. Courses in mineral resource
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engineering — mining geology, rock mechanics, mining, quarrying,
mineral processing, and petroleum engineering have special difficulties in
recruitment.

Matter of choice

However, this is only part of the story. After
graduation and the award of a degree, there is a
strong wish to abandon the subject matter of the
course and enter a career offering more reward:
commerce, banking, accountancy or stock braking.
This causes disappointment to the academy staff
who wasted all their efforts to give useful practical
knowledge to the students.

Practice

There is one more barrier to recruitment
into the mining industry where management
trainees should spend several years of practical
training underground or in the mill. Modern
mining and processing machinery, computer
controlled and high in output capacity, cannot °
and should not be operated by young
management trainees: nowadays operators are
often highly skilled and from their ranks should
come the line supervisors.

~

Z

Knowledge

Management trainees, after a brief period to acquire general knowledge
about the operation, would be better trained by working as assistants to
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managers and consulting engineers, and gain experience in planning
surveying and ventilation departments, all areas where knowledge learned
at a mining school can be utilized to good advantage.

Not only one

It should be noted that there are mineral engineering courses which
must provide a wide and general tuition, covering not only mineral
extraction and processing methods but also economics, business
administration, computer studies, communication skills and basic civil and
mechanical engineering which are vital for important career development to
senior ranks.

Questions
1. What courses have difficulties in recruitment?
2. What causes disappointment of the academy staff?

3. What courses must provide a general and wide education?
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accountancy
to attract
abandon
covering
efforts
extensive
fame

higher regard
influence
maturity
mill
motivate

provide

recruitment
reward
senior ranks
skilled

staff

stage

stock braking
supply

tend

wealth tend
wasted

L B W s W e W s W e W e B e W e W e B e T e T e B e B e B e B e W e W e W e W s W e W e M|

o'kaeuntonsi:]
to o'traekt]
o'bandon]
‘kovrig]
‘eforts]

1k 'stensiv]
‘ferm]

higher] [r1' gard]

', flu:ons]
ma'torati: ]
‘mil]
‘mouto, vert]

pra'vaid]

11 kru:tmont]
1’ word]
‘si:njor 'renks]
"skild]

‘steef]

‘sterd3]

‘stak ‘breikim]
so'plai]

‘tend]

‘'wel0 'tend]
‘weistid]

Vocabulary

OyxranTepckuil yaer

MIPUBIICKATh

MOKHUJIaTh, OCTABJIATH; CAMOBOJIBHO YXOJHUTh
OXBaTHIBATh

yCHITUE, TTOTBITKA

BCECTOPOHHUH, UCUEPTIHIBAIOIINN
ciraBa

BBICOKOE YBa)KEHUE

BIHUSHUE, IEHUCTBUE, BO3JICHCTBIE
3peNocTh

oOoraruresnpHas padbpuka
MOTHBUPOBATh

obecrieunBaTh, CHa0XKaTh, MPEAOCTABIATH,
OCHAIIATh

Habop

BO3HATpaKICHUE

BBIIIECTOSIIINE PYKOBOIUTEITH
KBUTH(DUIIMPOBAHHBIN

IITAT CIYXKAIIUX, IePCOHAT
scTpana

OupIKEBBIE OEpaIiK
cHabKeHue, I0CTaBKa

HUMETh TCHICHITHIO

CTpeMJIeHHE K O0raTCcTBY
TOHAIPacHy MOTPaYEHHBIN
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2.5 PROFESSIONAL ENGINEER'S ROLES
AND RESPONSIBILITY

Abstract. This paper highlights the scope of engineering education and
their relevant to engineering profession being globally practiced in various
sectors of development. The main objective of this discussion is to create
awareness on the importance of engineering education in terms of their
contents in responding to the work place requirement. It is to know about
engineering profession by and large and also their scope of works in
relation to engineer's roles and responsilities. The contents of engineering
education and their dynamic development provide the tools for engineers to
play their significant roles and responsibilities across a multidiscipline of
engineering profession. The behavioral of professional engineers through a
standard code of ethics should create engineers ability to troubleshoot
problems under various circumstances and propose a solution through a
number of approaches to the benefit of community, nation as well as global
integration.

There are various definitions on what is engineering and how it relates
with the teaching and learning environment. Some of those can be
expressed as follows;

"Engineering is all around us, so people
often take it for granted, like air and water.
Ask yourself, is there anything I touch that is
not engineered? Engineering develops and
delivers consumer goods, builds the networks
of highways, air and rail travel, and the
internet, mass produced antibiotics, creates
artificial heart valves, builds lasers, and offers
such wonders an imaging technology and
conveniences like microwave ovens and
compact discs. In short, engineers make over
quality of life possible" (William A.Wulf,
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President of the National Academy of Engineering)

"Engineering is the application of science to the common purpose of
life" (Count Rumford)

Scientists study the world as it is, engineers create the world that never
has been " (Theodore Von Karman)

From all these definitions,
engineering contents can be further
broken down into numerous details.
Some of the following are relevant in
one way or the other:

1. Engineering is an art. Aesthetics
as well as function found in the Great
Wall of China, Pyramids and other
wonder of the world is truly an
engineering genius in the form of art.

2. Engineering is an
approximation. The mathematics of
engineering system are often used to
solve "Engineering problems are
under-defined, there are many
solutions, good, bad and indifferent.
The art is to arrive at a good solution.
This 1is creative activity involving
imagination institution and deliberate
choice" -(Ove Arup)

3. Engineering is measurement,
estimation, forecast and projection.
River flow, noise and vibration from
transport system, earthquake, traffic
volume, pollution and others.
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4. Engineering is about modeling and simulation. Validation and
verification of an analysis can be tested through modeling and computer
simulation.

5. Engineering is a communication, technical report writing and
presentation. Making presentations, producing technical manuals, co-
ordinating team of large scale project are all fundamental to engineering
practice.

6. Engineering is finance

Design, construction, operations, repair and maintenance costs, hiring,
chartering and others determine the viability of the intended projects.

7. Engineering is an invention and design processes

Dt Aseiis inemalics.

< New devices, material selection
bt | -ﬁ sty and viable processes are developed
=, o — by engineers to meet the requirement

= :? that existing technology do not
CW address. Engineers identify and apply
P the most suitable system to solve

:i‘!‘: % engineering related problems using
S| 2 m oo R appropriate decision making tools
ﬁ A which were acquired through a

i Wi number of circumstances.
Coepeasnen Sirrataicn

In general, engineering is the art of applying scientific and
mathematical principles, experience, judgement, and common sense.
Engineering technologists use their knowledge to help design and make
bridges, buildings, computers, electrical appliances, power plants, transport
infrastructures, etc that we utilize at present. Engineering is also deal with
the process of producing a technical product or system to meet a specific
need to benefit mankind.
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Who is Engineer

The following are some of the definitions on who is an engineer.
Engineer is:

1. A person who were trained in
the design, construction, and use of
engines or machines, or in any of
various branches of engineering: a
mechanical engineer, civil engineer,
electrical engineer, chemical
engineer, etc.

2. A person who operates or is in
charge of a power plant system in
term of operation, repair and
maintenance.

3. A consultant in their respective area of expertise.

4. A skillful manager who manages the implementation of the
engineering related decision making processes. Etc.

Greatest Engineering Achievements of the 20th Century

20th century have witnessed a great achievement in engineering
technology in the field of design, information technology (IT), construction,
manufacturing, robotic, advanced materials or even the engineering
management techniques for problem solving. Some of the newly and
enhanced technologies can be described and intepreted as the following.

Petroleum and gas technologies. Petroleum has been used to
providing fuel for cars, home, and industries. Petrochemicals are used in
products ranging from aspirin to zippers. Engineering in oil exploration and
processing, petroleum products have an enormous impact on world
economies, people, environment and politics.
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Lasers and fiber optics.
Pulses of light from lasers are used
in industrial tools, surgical devices,
satellites, and other products. In
communications for instance, a
single fiber-optic cable can
transmit tens of millions of phone
calls, data files, and video images.

Nuclear technologies.
Nuclear technologies provide a
new source of electric power and
new capabilities in  medical
research and imaging as well as for
unwarranted military use.

Health technologies. Medical
professionals have an arsenal of
diagnostic and treatment
equipment at their disposal.
Artificial  organs, replacement
joints, imaging technologies, and
biomaterials are but a few of the
engineered products that improve
the quality of life for millions.

Imaging technologies. Imaging technologies have expanded the reach
of our vision. Probing the human body, mapping ocean floors, tracking
weather patterns are all the result of engineering advances in imaging
technologies.

Agricultural mechanization. The machinery of farms; tractors,
cultivators, combines, and hundreds of others; dramatically increased farm
efficiency and productivity.

Electronics. Electronics provide the basis for countless innovations;
CD players, TVs, and computers. From vacuum tubes to transistors, to
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integrated circuits, engineers have made electronics smaller, more
powerful, and more efficient.

Aeronautics. Modern air travel transport goods and people quickly
around the globe, facilitating personal, cultural and commercial interaction.

Space explorations. The
development of spacecraft has expanded
our knowledge base, and improved our
capabilities. Thousands of useful
products and services have resulted
from the space program, including
medical devices, wireless
communications, etc.

Automobiles. The automobile may
be the world major transporter of
people and goods, and a strong source
of economic growth and stability. The
automobile is a showcase of 20 century
engineering ingenuity, with innovations
made if design production & safety.

Electrification. Electrification powers has literally lighted the world
and impacted countless areas of daily life, including food production and
processing, air conditioning and heating, refrigeration, entertainment,
transportation, communication, health care, and computers.

Training and advancement
programmes. A strong technical
knowledge is  essential  for
engineering managers, who must
understand and guide the work of
their subordinates, and explain the
work in nontechnical terms to
senior management and potential
customers. These management
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positions usually require work experience and formal education.

In most cases to fill management
positions, employers seek engineers
who possess administrative and
communications skills in addition to
their technical knowhow. Engineers
who prefer to manage in technical
areas should get a Master degree in
engineering management, while
those interested in non-technical
management should get an MBA.

Engineering managers may progressively advance to higher leadership
positions within their discipline. Some may become managers in non-
technical areas such as marketing, human resources, or sales. In high
technology firms, managers in nontechnical areas often must possess the
same specialized knowledge as do managers in technical areas. Employers
in an engineering firm may prefer to hire experienced engineers as sale
workers because the complex services can only be marketed by someone
with specialized engineering knowledge.

Engineer's Roles and Responsibility

Engineering encompasses science and art,
mathematics and creativity, models and approximations
in solving real-world problems. Engineers integrate
their knowledge of the physical sciences with more
abstracts realms beyond the boundaries of current
technology in all areas of life. Chemical and [
bioengineers are working on drug related systems that
work inside cells at the molecular level. An
environmental engineers quantify the particle flow of
pollutants through soil to clean up abandoned industrial
sites, oil spills, and other hazards.
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Engineers have many different types of jobs to choose from, including
research, design, analysis, development, testing, and sales positions.
Engineering work is also organized by traditional academic fields of study.
Engineers are problem solvers who search for quicker, better, less
expensive ways to meet tough challenges.

Professional Engineer

A professional engineer is
competent by virtue of his
fundamental education and
training to apply the scientific
method and outlook to the analysis
and solution of engineering &
problems. He is able to assume
personal responsibility for the
development and application of
engineering, notably in research,
designing, construction,
manufacturing, managing and in the education of the engineer. The work is
predominantly intellectual and requires the exercise of original thought and
judgment.

Engineers are capable of closely and continuously progressing in their
branch of engineering through assimilation of various information and
application. They are thus placed in a position to make contributions to the
development of engineering and its application. The engineering education
and training require a broad and general appreciation of the engineering
sciences as well the special features of his own branch. He is able to give
authoritative technical advice and to assume responsibility for the roles and
his responsibility.

The majority of engineers fulfill the key characteristics of professional
profession known as follows:
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1. They are required to be expert in a particular area of activity for
which an advanced and extended formation is necessary and practice in
which requires a high level of theoretical foundation.

2. They have mastered in a clearly definable and valuable body of
knowledge and understanding.

3. They accept responsibility and accountability for the decisions they
make against standard conduct and values.

The range of activities covered by engineers is greater than for most
other professions. Engineers have over many years formed themselves into
associations, the number of which has grown enormously from the
founding of the Institution of Civil Engineers (IEM) in 1818 to the present
day through a process of initiation, division and amalgamation based
sometimes on technical disciplines such as civil, mechanical, electrical and
other engineering disciplines.

There are now over 80 national engineering Institutions. In 1962, 13 of
the largest Institutions, each holding a Royal Charter, established the
Engineering Institutions Joint Council to provide a single forum and
representative voice for all professional engineers. This body changed its
name to the Council of Engineering Institutions (CEI) on securing its own
Royal Charter in 1965. The CEI now comprises 16 Chartered Institutions
which are corporation members and another nine with affiliate status.

The major Institutions were originally formed mainly as learned
societies for the exchange of views and the dissemination of information
among people with a shared interest in a branch of engineering. The efforts
was made to raise the quality of its practical training in terms of educational
attainments, practical and their personal standing in the eyes of their
professional peers. This was done through the establishment of membership
criteria which specified minimum requirement for education training and
experience and which also imposed a code of professional conduct.

Engineers held 1.5 million jobs in 2002. Over 190,000 engineers
worked in the government sectors. About 55,000 were self employed.
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Electrical engineers hold more jobs than any other engineer disciplines.
Mining engineers hold fever jobs than any other type. The number of jobs
for engineers is expected to increase more slowly but rather steadily.
However, job opportunities in engineering are expected to be good in future
simply because the number of people in engineering education is expected
to grow due to forecasted rise of technological development in the country.

Benefit of Being a Professional Engineers

The reason for choosing engineering as a
professional career largely attributed to the
perception of the job security and market demand as
Malaysia poised to become the industrialized nation
= by the year 2020. However, several other reasons as
= follows can also contribute to the phenomena
namely;

1. Job satisfaction

Is important to find a career that provides ones with enjoyment and
satisfaction. For numerous reasons, some engineering professions provide a
very satisfying working environments.

2. Variety of career opportunities

An engineering degree offers a wide
range of career opportunity. Within the
practice of engineering, there is an enormous
variety of job functions. PEVE)op

a. For an imaginative and creative,
design engineering may be relevant.

b. For laboratories and experimental works, test engineering is
relevant.
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c. To organize and expedite projects, look into being a development
engineer.

d. To be persuasive, consider a career in sales or service engineering.

The engineering analytical skills and technological expertise being
developed can also be put to use in many other relevant fields. For example,
an engineering knowledge and skills could be applied in the field of
medicine or law. Similarly, engineers can also become a politician and use
the knowledge of technology and science to set important policy.
Ultimately, engineers could also become an entrepreneur in a related field
such as in construction, manufacturing, or others businesses.

3. Challenging work

Generally, real engineering problems are quite different from most of
the problems to be solved. In engineering work, virtually all problems has
no readily answer to choose from. Engineers are required to devise a
solution and make it applicable.

4. Intellectual development

An engineering education will develop
the ability to think logically and to solve
problems. These are skills that will be 8
valuable throughout the life and not only |}
when solving the engineering problems. For §
example, the problem-solving skills can help
one to undertake tasks such as planning,
finding, organizing and even purchasing.
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5. Benefit society

Engineers benefit the society by developing clean and efficient
transportation systems, finding new sources of energy, alleviating the
world's hunger problems, and increasing the standard of living through the
application of engineering technology.

6. Financial security

Financial security should not be the only reason for choosing a career
in engineering, Engineering graduates receive the most highest starting
salary in any discipline.

7. Prestige

Engineers play a prestigious role in sustaining our nation's international
competitiveness, maintaining our standard of living, ensuring a strong
national security, and protecting public safety.

8. Professional environment

In most cases, engineers receive adequate work space and the tools you
need to execute their work, including the latest computer hardware and
software. Quite often engineers are judged on the productivity as well as
quality and quantity of their work.

Engineers have the opportunity to learn and grow through both on-the-
job and formal training. Often, the immediate supervisor will closely
involved on some challenging tasks. Engineers are usually allowed to
attend seminar, conferences and short course when necessary in enhancing
their knowledge and skills. Some employers provide funds for engineers to
enroll in higher education and training.

9. Technological and scientific discovery

An understanding of technology will provide engineers with a better
understanding of many issues facing the society and determine the most
viable ways in addressing the issue such as utilizing a zero-emission
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electric vehicles to reduce noise, vibration and pollution.
10. Creative thinking

Engineers develop solutions to
a real world problems. They
employ conscious and
subconscious mental processing as
well as divergent and convergent
thinking. The need for engineers to
think creatively is greater now
than before. Through creativity,
engineers cope with changes.

"Engineering is a  great
profession. There is the fascination
of watching a figment of the imagination emerge through the aid of science
to a plan on paper. Then it moves to realization in stone or metal or energy.
Then it brings homes to men or women. Then it elevates the standard of
living and adds to the comforts of life. This is engineer's high priviledge."
(Herbert Clark Hoover, Engineer & President of the US from 1929-1932)

Conclusion

Engineering exist everywhere in a number of ways and circumstances.
It is part of our lives and everything we touch and do, relate significantly to
engineering matters in one way or the other. Engineering is about
everything around us that are being utilized in a manner that is able to
provide answers and solution to various problems that we are facing.
Engineering and technology change hand in hand and closely integrated to
complement each other.

In order to be meaningful, engineering education and training
programme is designed taking into consideration of global requirement for
problem solving tool with greater freedom of efficiency. In doing so, a
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standard have been formulated for such programmes to be accredited and
recognized paving the ways for a formal acceptance as a norm for before
putting it into practice.

Questions

1. Who is an engineer?

2. What is the agricultural mechanization?

3. What do nuclear technologies provide?

4. Where do pulses of light from lasers provide?

5. Where is petroleum used?
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amalgamation
appliance

artificial
assume
awareness
behavioral
circumstances

deliberate

encompass
enhance
fascination
figment

highlight
judgement
peer
probing
relevant

respond
scope

significant
surgical

troubleshoot

unwarranted

validation
viable
witness

Vocabulary

[omzlgo'met[(a)n] cnusiaue, 00beIMHEHNE; CMCIIICHIE

amrmapar, npuoop; IpUCIOCcO0ICHUE,
[o'plarons] PaT, proop, 1P

YCTPOHCTBO
[o:tr'fif(o)]] HUCKYCCTBEHHBIH
[o'sju:m] MIpUHUMATh, OpaTh Ha ceOs
[o'weanis] OCBEJIOMJIEHHOCTh, KOMIIETEHTHOCTh

[bi'havyaral]
['s3:komstaenses]

[di'Tib(a) rat]

[in'kempas]
[in'ho:ns]
[faesineif(o)n]
['figmont]

['hailait]
['dzedzmont]
[pio]
['proubin]
[relov(a)nt]

[ri'spond]
[skovup]

[sig'nifikont]
['s3:d3ik(9)1]
['trvb(e)lou:t]

[,en'worantid]

[,veeli'deta(o)n]
['vaiob(9)l]
[witnis]

XapaKTepHbIN

00CTOSTENECTBO; CITyJail; yCIOBUE
HeCITy4yaiHbIH, TIIATEIBHO CIUTAHUPOBAH-
HBIN, B3BCIICHHBIN

OXBaThIBaTh; OKPYKaThb

YBEJIINIHUBATH, YCHIINBATD, YIIy4dIIaTh
[PUBJICKATEIBHOCTD, IPUTATATEIHHOCTD
BEIMBICEI, TOMBICEIT, JIOKb, (DUKIIHS
OTBOJAUTH TJIABHOE MECTO; BBIIBUTaTh Ha
TEePBBIN TIJ1aH

cyneOHOe pa3doupaTeIbCcTBO, MPOIECC
POBHS, paBHBIH (110 TOJIOKEHHUIO, CITOCOO-
HOCTSIM)

MPOIYTbIBAHKE; 30HAUPOBAHUE
pENEeBaHTHBIN; 3HAUUMBII; CyIIECTBEH-
HBIH; BaXKHBIN

OTBEYaTh

TpaHUIIBI, PAMKH, TIPEIEITbI
3HAYUTENbHBIN, BAXKHBIN, CYIIIECTBEHHBIN;
3HAMEHATEIIbHbBIN

XUPYpPrudecKuit

OTBICKUBATh MOBPEXKIEHUS; BBISBIATH HE-
WUCIIPaBHOCTH

MIPOM3BOJILHBIN, HEOTIPaBIAHHBI; He3a-
KOHHBI; HEYMECTHBIN

paTudukanys, yTBepKICHUE
YKU3HECIIOCOOHBIH

CBUJIETEIIb, OUEBU/IEL
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2.6 JOBS IN MINING

Have you considered a job in today's high tech minerals industry?

Sure the money is great, but working in mining also gives you the
skills and experience to set you up for the rest of your life.

Gain access to specialist training and the latest tools and equipment
that comes from working in one of the world's most technologically
advanced industries.

Enjoy dynamic teamwork, safe working environments and flexible
rosters that let you balance work with family and leisure.

Kind of professions

Geoscience — geoscientists may &
specialise as a Field/Exploration Geologist, s
Geochemist/Mineralogist, Geomorpho- ‘i
logist, Hydrogeologist/Hydrologist, Fha:
Mathematical Geologist, Mine Geologist,
Palaeontologist,  Stratigrapher or a
Structural Geologist:
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< Exploration geologist — this

essential role discovers and determines
where minerals are likely to be found
for future mining operations.

Geophysicist —  studies the
composition, structure and  other
physical attributes of the earth and
locates minerals and ground water.

Mine geologist — working in a team of professionals to locate, map and
define the grade of ore bodies for mining operations.

Resource Geologist — your skills involve planning and implementing
resource development modelling and analysis of ore bodies for future
development of mining operations.

GIS Technician — using GIS systems, provide professional support to

find and analyze mineral ore bodies and samples.

Chemical — research and
develop  processes used in; i
extracting metals from their ores,
casting, alloying, and heat treating.

NS

Civil — your critical skills plan,
design, organise and oversee the
construction and operation of
mining related projects.
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Electrical / Electronics — develop, implement and supervise the
installation and maintenance for the huge range of electrical systems found
in the mining industry.

Mechanical — plan, design and oversee the assembly, operation and
maintenance of highly specialised mechanical and process plant equipment.

Surveyor — work closely with engineering and geoscience
professionals to plan, direct and/or conduct survey work used in open cut or
underground operations.

Mining — an essential and versatile role, planning and directing the
engineering aspects of locating and extracting minerals from the earth.

Miner — Underground -
safely operate specialized
equipment to excavate, load and
transport coal, ore and rock in an
underground mining operation;
Opencut —  safely  operate
specialized equipment to excavate,
load and transport coal, ore and
rock in an open-cut mining
operation.
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Driller — Blasthole — Operate a
drilling rig and related equipment to
extract ore 1in an open cut or
underground operation; Exploration —
assemble, position, operate and maintain
a drilling rig and related equipment to
extract ore for analysis by geologists for
future mining operations.

Longwall / Continuous Miner Operator — underground coal miner
operating and maintaing the specialist equipment for digging the coal out of
the coal seams.

Trainee Operator / Miner — A role for the mechanically minded, to
safely operate and maintain a broad range of specialised equipment.

Mobile Plant Operator / Driver —
operate stationary and mobile cranes,
hoists, lifts and winches to lift, move and
place materials, equipment in a range of
locations on mining operations.

Crane Operator —  operate
stationary and mobile cranes, hoists, lifts
and winches to lift, move and place
materials, equipment in a range of
locations on mining operations.

Dragline Operator — senior operator and maintenance for an open pit
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coal mine - using the dragline to remove the overburden from the coal
seams.

Shotfirer — a  highly
specialised position that assembles,
positions and detonates explosives g
at a mining operation.

Laboratory  Assistant — |
assisting with assessment, research
and development of exploration
and production of a mining
operation.

Excavator / Shovel Operator — assist with the production of a mining
operation by safely operating an excavator or shovel.

Grader Operator — grader operators are an essential part of any
mining production team.

Haul Truck Operator — safely operate a highly specialised haul pac
truck in this unique industry.

Loader Operator — loader operators are essential in a mining
operation, using their skills to move and load rock, ore and soil.

Truck Driver — heavy vehicle drivers are used on a range of trucks in
the diverse mining industry.
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Questions

1. Give a simple definition of mining.

2. Name stages of modern mining process.
3. What is mining engineering?

4. What is the main purpose of mining engineers?
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advanced
alloying
assembly
assessment
casting
composition
conduct

define

diverse
drilling rig
essential role
experience
flexible rosters
gain access
geoscience
GIS technician

heat treating
hoists

huge range
haul truck
implement
installation
maintenance
oversee
skills
structure
surveyor
versatile
winches to lift

Vocabulary
[od 'va:nst] MepeIoBOM
[o'lom] JIETUPOBaHHE
[o'semblr] cOOpKa, MOHTaX
[2'sesmont] OIIECHUBAaHHUE KaYyeCTBA
[ ka:stm] JUThE
[ kompo'zifon] COCTaB
[kon'dakt] YIPaBJIATh
[dr' fain] JlaBaTh OMpeciieHre
[dar'va:s] pa3sHOOOpa3HbIH

['driligy 11g]
[1'sen({(o)] roul]
[1ks'prorrons]
['fleksobl 'roustos]
[gem "axkses]

[ jeo sain(t)s]

[tek 'nifon]

[hi:t tri:ti]
[hoists]

[hju:d3z remd3]
[ho:l  trak]
['tmpliment]

[ mnsto'lerfon]

[ 'meintonans]
[ouva'si:]
[[skil]s]
['straktfo]
[sa:'vela]
['va:sotail]
[wintfes tu: Inft]

OypoBas ycTaHOBKa
3HAYUTETHHAS PO
OTIBIT

THOKHi rpaduK
MOJy4aTh AOCTYI
reoJ0r-y4eHbli
cnenuanuct mo 'MC-
TEXHOJIOTUSIM
TepMOOOpaboTKa
MO/TBEMHUK
OTPOMHBIHN AMaNa3oH
TPY30BHUK-OYKCHp
OCYILECTBIISATh
MOHTaX
obcnykuBaHue
Ha/30p

HaBBIKH

CTPYKTYpa, CTPOCHHUE
re0Ae3HUCT
Pa3HOCTOPOHHUI, MHOTOTPAHHBIN
j1edenka
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2.7 FUNCTIONS OF MINING ENGINEERS

The mine plan is largely conceptual

The mine plan is largely
conceptual. If it appears to have
economic potential, then a detailed
technical study will be undertaken
by mining engineers to confirm the
viability of the project. Some of
these mining engineers should
have specialist knowledge. For
example, a geotechnical specialist
will be required to determine the
properties of the rockmass and to predict how it will respond to the various
mining options. The specialist may recommend how wide to make the
tunnels, how to support the excavations and what type of equipment is best
suited. Other mining engineers could be required with specialist knowledge
in areas such as environment, blasting and ground vibration, machinery
design, training and marketing. Once the mining method is chosen, it is
necessary to construct a 'life of mine' plan to determine the size and
equipment...

A good knowledge of mining
engineering practice

Once the mine layout has been
generated, equipment chosen and
coasted, schedules developed and
production and sales rates
determined, the mining engineer
has to subject the project to a
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financial analysis to determine its economic viability. A good knowledge of
mining engineering practice is required to ensure that realistic situ ations
are being evaluated. Some mining engineers specialize in undertaking this
type of financial analysis. Others specialize in auditing the outcomes on
behalf of organizations such as banks...

The construction of a new mine

The construction of a new mine involves managing a large number of
contractors and a large number of parallel tasks. Project management and
contract management are critical to keeping the project on time and budget.
Both the mine owner and the various contractors may employ mining
engineers for these purposes. An increasing number of mining engineers are
now involved in managing contracting companies at both a site level and a
corporate level...

The options available

It is not feasible for an individual mine or even a very large mining
company to employ all the mining engineers that are needed to undertake
all the tasks. Therefore, they call upon consultants. The options available
include:
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Resource evaluation... Environmental assessment...
Mine design and planning... Mine ventilation...

Equipment selection and performance... | Financial analysis...
Human resource management... Management process...

Numerous opportunities

The mining industry creates numerous opportunities for mining
engineers to work in private and public companies. Many mining engineers
are the founders and principal shareholder in these companies. In addition
to consulting, the types of activities in these companies include:

e Equipment design, manufacture, sales and service;
e Computer software development;
e Financial analysis;

e Technology commercialisation.

The role of mining engineers

It is the role of the mining engineers to ensure that the right amount of
mineral is produced at the right quality and at the right time in a safe and
cost effective manner in accordance with mining approval conditions.
Numerous roles for mining engineers include:
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Production manager Mine manager
Drill and blast engineer Mine planning engineer

Mine ventilation officer Environmental officer
Mineral processing Marketing
General mine manager

Computer simulation

The exploration geologist =
finds a mineral deposit. The =
mining engineer must discuss with P
the geologist the shape, size and
composition of the deposit.

Thereafter, the mining engineer

has to determine the grade

(quality) and distribution of the

minerals in the deposit. Quite often

the deposit has to be visualized in

three dimensions. Up until the late 1980s, physical models were built to
help in understanding the nature of the deposit. More information was
gained from drilling. Today this is done by computer simulation. Mining
engineers are quite often involved in developing software packages.

Questions

1. What areas of knowledge should be covered by a mining engineer?
2. What tasks must be solved by mining engineer?

3.What professions can be occupied by mining engineers?

4. What a geologist must determine?
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accordance
approval
competitive
confirm
create
determine
dimension
discover
ensure

excavate;
excavation

extracting
explore
exploration
feasible
gain
invention
involve

largely conceptual

on behalf of

to predict
properties
prospect
prospecting
provide
purpose
require
respond
sales rates
viability
value

[2'ko:dons]
[o'pru:val]
[kom'petrtrv]
[kon'fo:m]
[kri:"ert]
[d1'to:min]
[d1'menfan]
[dis'kava]
[m'fus]

[ ekskavert]
[eksko'verfon]

[1k'straektm]
[1ks'plo:]

[ .eksplo: 'rerfon]
['fi:zobl]

[gem]
[m'ven((o)n]
[m'volv]
['la:dzlr]
[kon'septjusl]
[on] [br'ha:f] [ov]

[tu:] [prr'dikt]
['propatis |
['prospekt]
[pra'spektiy]
[pro'vaid]

[ po:pas]
[r1'kwars]
[r1s'pond]
[se1ls] [rerts]
[varo'bilrtr]
['velju:]

Vocabulary

corJiacue, COOTBETCTBHUE, COTIIACOBAHHOCTD
YTBEPKACHHUE; CAaHKIIHSI
KOHKYPEHTOCTIOCOOHBIN, KOHKYPEHTHBIN
MOJITBEPIKAATE, OJ00PATH

OopoOXIaTh, IPOMU3BOANUTDL, CO3/1aBaTb, TBOPUTH

OTIPENIENATh, U3MEPSTh, BEIYHCIISATh
u3MepeHne

OTKPBIBaTh, O0OHAPYKUBATh (MECTOPOKICHUE)

rapaHTHPOBAaTh, 00ECIIeYNBaTh
BBIHUMATh TPYHT

pa3pabaThIBaTh OTKPHITEIM CIIOCOOOM,
BbIEMKa/pa3paboTKa IpyHTa,
3eMIITHBIE/3KCKaBaTOPHBIE pabOTEHI,
OTKpBITas TOpHas BEIpabOTKa
no0BIYa (MIUHEPAIIOB)

HCCIIeIOBATh

HCCIIEIOBAaHUE MECTOPOKICHIUS
peanbHbli, BHIITOJIHUMBII
N00BIBaTh, 3apabaTbiBaTh
HU300peTeHNE, OTKPHITHE
MIPUBJIEKATh, BOBJIEKATh, BTATHBATH
BEChMa KOHIENTYalIbHO

OT YBLEro-JIn00 JInma

MPOTHO3UPOBATH, PEICKA3HIBATD
CBOMCTBa

MIPOU3BOJIUTH U3BICKAHUS

pa3BeoYHbIC PabOTHI

obecrieunBaTh, CHa0XKAaTh, IPEAOCTABIATH
Ha3HauYeHUe, HaMepeHue,

TpeboBath(cs), HyKAaThCs (B 4eM-THOO0)
0TBEYaTh, pEarupoOBaTh

TEMITbI pean3aIuu

JKA3HECTIOCOOHOCTH

3HAYE€HHE, BEJIMYMHA, [IEHa, CTOMMOCTh
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Chapter 3

3.1 EARTH STRUCTURE

Earth structure

The interior structure of the Earth is layered in spherical shells, like an
onion. These layers can be defined by either their chemical or their
rheological properties. Earth has an outer silicate solid crust, a highly
viscous mantle, a liquid outer core that is much less viscous than the
mantle, and a solid inner core.

The structure of Earth can be
defined in two ways: by mechanical
properties such as rheology, or
chemically. Mechanically, it can be
divided into lithosphere,
asthenosphere, mesosphere mantle,
outer core, and the inner core. The
interior of Earth is divided into 5
important layers. Chemically, Earth
can be divided into the crust, upper
mantle, lower mantle, outer core,
and inner core:
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Lithosphere

_.l#v .
' =7  Lithosphere
lcrust and uppar-

Crust 0-100 km A= _
/ maost sohid mantle)

thick I.:.‘l

6,378 km

To scale

Lithosphere is the rigid outermost shell of a rocky planet. Here on
Earth the lithosphere contains the crust and upper mantle. The Earth has
two types of lithosphere: oceanic and continental. The lithosphere is broken
up into tectonic plates.

The Lithosphere

mﬁ:

Oceanic lithosphere consists mainly of mafic (rich in magnesium and
iron) crust and ultramafic (over 90% mafic) mantle and is denser than
continental lithosphere. It thickens as it ages and moves away from the mid-
ocean ridge. This thickening occurs by conductive cooling, which converts
hot asthenosphere into lithospheric mantle. It was less dense than the
asthenosphere for tens of millions of years, but after this becomes
increasingly denser.
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Continent

Asthénosphere

The gravitational instability of mature oceanic lithosphere has the
effect that when tectonic plates come together, oceanic lithosphere
invariably sinks underneath the overriding lithosphere. New oceanic
lithosphere is constantly being produced at mid-ocean ridges and is
recycled back to the mantle at subduction zones, so oceanic lithosphere is
much younger than its continental counterpart. The oldest oceanic
lithosphere is about 170 million years old compared to parts of the
continental lithosphere which are billions of years old.

Mantle

The upper part of the Earth's
mantle, extending from a depth of
about 75 km to about 200 km. The
asthenosphere lies beneath the
lithosphere and  consists  of
partially molten rock. Seismic
waves passing through this layer
are significantly slowed. Isostatic
adjustments (the depression or
uplift of continents by buoyancy)
take place in the asthenosphere,
and magma is believed to be
generated there.
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The mesosphere refers to the mantle
in the region between the asthenosphere
and the outer core. The upper boundary
is defined as the sharp increase in
seismic wave velocities and density at a
depth of 660 km. As depth increases,
pressure builds and forces atoms into a
denser, more rigid structure; thus the
difference between mesosphere and
asthenosphere is likely due to density
and rigidity differences, that is, physical
factors, and not to any difference in
chemical composition.

Outer core

The outer core of the Earth is a liquid
layer about 2,266 km thick composed of iron
and nickel which lies above the Earth's solid
inner core and below its mantle. Its outer
boundary lies 2,890 km beneath the Earth's
surface. The transition between the inner core
and outer core is located approximately 5,150
km beneath the Earth's surface.

Properties

The temperature of the outer core ranges from 4400 °C (8000 °F) in the
outer regions to 6100 °C (11000 °F) near the inner core. Because of its high
temperature, modeling work has shown that the outer core is a low viscosity
fluid (about ten times the viscosity of liquid metals at the surface) that
converts turbulently. Eddy currents in the nickel iron fluid of the outer core
are believed to influence the Earth's magnetic field. The average magnetic
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field strength in the Earth's outer core was measured to be 25 gauss, 50
times stronger than the magnetic field at the surface. The outer core is not
under enough pressure to be solid, so it is liquid even though it has a
composition similar to that of the inner core. Sulfur and oxygen could also
be present in the outer core. As heat is transferred outward toward the
mantle, the net trend is for the inner boundary of the liquid region to freeze,
causing the solid inner core to grow. The growth rate of inner core is
estimated to be 1 mm per year.

Inner core

The inner core of the Earth, its
innermost part, is a primarily solid ball
with a radius of about 1,220 km,
according to seismological studies (this
is about 70% of the length of the
Moon's radius). It is believed to consist
primarily of an iron—nickel alloy, and
to be about the same temperature as the
surface of the Sun: approximately 5700
K (5430 °C).

The inner core of the Earth has temperatures and pressures so great that
the metals are squeezed together and are not able to move about like a
liquid. The inner core begins about 6400 km beneath the crust and is about
1280 km thick. The temperatures may reach 9000 degrees F. and the
pressures are 22,5 million kg per square inch. This is 3,000,000 times the
air pressure on you at sea level.

Crust

The crust ranges from 5-70 km in depth and is the outermost layer.
The thin parts are the oceanic crust, which underlie the ocean basins (5-10
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km) and are composed of dense (mafic) iron magnesium silicate igneous
rocks, like basalt. The thicker crust is continental crust, which is less dense
and composed of sodium, potassium, aluminium silicate rocks, like granite.

" Over-riding
£— Slab

Two Plates Two Plates

Colliding Moving Apart
—_— | Dow ngoing
Slab %y

The crust of the Earth is
composed of a great variety of
igneous, metamorphic, and
sedimentary rocks. The crust is EARTH'S CRUST
underlain by the mantle. The upper R 50} T L) Mg )
part of the mantle is composed S (5.0
mostly of peridotite, a rock denser g

_a /ms;ium (2.3%)
%ibeon | ; Sadium (2.1%)
than rocks common in the (28%) ,—fig'/_" Other (<1%)

Silicon

overlying crust. The boundary _
between the crust and mantle is \ﬂ*’ifm/
conventionally placed at the
discontinuity, a boundary defined
by a contrast in seismic velocity.

The crust occupies less than 1% of
Earth's volume.
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Depth of earth layers below the surface

Depth
Layer
Kilometres Miles
0-35 0-22 Crust (locally varies between 5 and 70 km)
35-60 22-37 Uppermost part of mantle

35-2.890 221,790 Lithosphere (locally varies between 5 and

200 km)
100-200 62—-125 Asthenosphere
35-660 22-410 Upper mesosphere (upper mantle)
660-2,890 | 410-1,790 Lower mesosphere (lower mantle)
2,890-5,150 | 1,790-3,160 Outer core
5,150-6,360 | 3,160-3,954 Inner core

Questions
1. In what ways can earth structure be defined?

2. How many important layers does the Earth have?

98)

. What parts of lithosphere do you know?

~

. What is the outer core of Earth?

N

. What is the composition of Earth crust?
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interior structure
viscous

liquid

outer core
inner core
rheology
lithosphere
asthenosphere
mesosphere
earth crust
upper mantle
lower mantle
rigid
outermost
mafic
mid-ocean ridge
dense
instability
counterpart

to extend
molten rock
seismic wave
buoyancy
velocity

eddy current
influence
approximately
squeeze
pressure
outermost layer
peridotite
discontinuity

Vocabulary
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[‘ino ko:]
[ri’plad3i]
[litosfis]
[astinosfio]
[mezosfis]

[9:0 krast]
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[‘ridzid]
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Mezochepa
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BEPXHSS MaHTHUS
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KECTKUHN
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ceficMuueckasi BOJIHA
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BUXPEBOU TOK

BITUSTHHC
MPUOIU3ZUTETHHO
cxarue

JTaBJICHUE

HapY>KHBIN CI0H
MEPUIOTUT

pa3peiB
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3.2 HOT SPOTS

Hot spots

In geology, a hotspot is a location on the Earth's surface that has
experienced active volcanism for a long period of time. They may be on,
near to, or far from tectonic plate boundaries. There are two hypotheses to
explain them. One suggests that they are due to hot mantle plumes that rise
as thermal diapirs from the core-mantle boundary. The other hypothesis
postulates that it is not high temperature that causes the volcanism, but
lithospheric extension that permits the passive rising of melt from shallow
depths. This hypothesis considers the term "hotspot" to be a misnomer,
asserting that the mantle source beneath them is, in fact, not anomalously
hot at all. Well known examples include Hawaii and Yellowstone.

&= HOT SPOT — = BOUNDARY BETWEEN TECTONIC PLATE

A hot spot is a very hot region deep within the Earth. It is usually
responsible for volcanic activity. Volcanic activity happens whenever red-
hot material from the Earths thickest layer, the mantle, rises up and leaks
through to the Earth’s surface, the crust. The red-hot material, called
magma, sometimes erupts in the form of lava. Lava is the red-orange
substance that spills out of a volcano onto the surface.
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Hotspots were thought to
remain in a fixed position with
respect to the earth's lower mantle.
Hotspots were therefore used to
define a unique, absolute reference
frame to quantify the displacement
of lithospheric plates. Maps of
absolute velocity vectors for the
earth's plates relative to hotspots
(first produced in the late 1970s)
provide a visual representation of : = Bastior
plate motion from which the sense Zlhsif
of displacement and resulting style 2= OCEAN
of deformation at plate margins :
can be deduced. Hotspot tracks
define segments of small circles
about a fixed pole of rotation for
the plate (called the Euler pole).

Paleomagnetic studies of volcanic rocks formed above hotspots and
detailed global plate reconstructions suggest that at least some hotspots may
not have remained stationary. Rates of relative hotspot movement have
been generally estimated at approximately 0.8-2 in (200 mm) per year. This
implies that plumes may have moved with part of the mantle and displaced
relative to each other. If the density distribution of the mantle changed in
the past, the whole mantle may have rotated with respect to the earth's
rotational axis to a new stable position (a process called true polar wander),
systematically rotating all hotspots relative to the rotational axis.

Volcanoes

Most volcanoes occur near the Earth's plate
boundaries, but some do not. For example, the
Hawaiian islands have been formed over
millions of years by volcanic eruptions
thousands of miles from the edges of the
Pacific plate. Island formation is still happening
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on Hawaii every time the shield volcanoes Kilauea and Mauna Loa erupt.
Hawaii islands

It is thought that a hotspot - a stationary plume of magma that rises
from deep within the Earth - powers the volcanism on Hawaii. As the
Pacific plate slowly moves over the hotspot, the islands in the Hawaiian-
Emperor chain have been built one at a time by a numerous volcanic
eruptions.

Geysers

Hot spots don’t always create volcanoes that spew rivers of lava.
Sometimes, the magma heats up groundwater under the Earth’s surface,
which causes water and steam to erupt like a volcano. These eruptions are
called geysers. A famous geyser is Old Faithful in Yellowstone National
Park in the U.S. state of Wyoming. When it erupts, the water is 95.6
degrees Celsius and can reach more than 55 meters high.

There are 40 to 50 hot spots around the world, including near the
Galapagos Islands and Iceland. Hot spots can create entire chains of islands,
like the U.S. state of Hawaii. Hawaii is on the Pacific plate, an enormous
section of the Earth in the Pacific Ocean that is constantly moving, but
very, very slowly. Although the plate is always moving, the hot spot
underneath it stays still. These islands were created right after the plate
moved, almost like an island factory.
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Earth plates

Scientists use hot spots to
track the movement of the Earths
plates. The Pacific plate is just one
of many tectonic plates that make
up the Earth: the North American
plate, the Caribbean plate, the
South American plate, the Scotia
plate (beneath South America), the
African plate, the Eurasian plate,
the Arabian plate, the Indian plate,
the Australian plate, the Filipino
plate, the Pacific plate, the Cocos plate (west of South America), the Juan
deFuca plate (west of the U.S. state of Washington), and the Antarctic
plate.

Questions

What is a hot spot?

Please tell us the definition of lava?

How are the Hawaiian islands formed?

How many hot spots are there around the world?
How do scientists use hot spots?

Nbhwbhe=
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surface
mantle plume
diapir

mantle boundary
misnomer

volcanic activity
magma

to remain

to define, determine

fixed position

unique

to erupt
displacement
to spills out
visual
representation

plate motion
circle

rotation
paleomagnetic
distribution
axis

shield
numerous
plume

€normous

to spew

chain of islands
wander

to imply
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[“acksis]

[i:1d]
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[‘ino:mos]

[spju:]

[tfein of ‘ailands]
[wondo]

[im’plai]
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BpallleHUE
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3.3 TECTONIC PROCESSES

Tectonic processes are the structural forces affecting the deformation,
uplift, and movement of the earth's crust. The main force that shapes our
planet’s surface over long amounts of time is the movement of Earth's outer

layer by the process of plate tectonics.

Plates

The surface of the Earth is not a
stationary solid surface. This outer layer
of the Earth is the lithosphere. It is
actually broken up into pieces like a
giant puzzle. These broken pieces are
called plates. The Earth's surface is
actually broken into about a dozen large
plates and several smaller plates. These
plates are constantly on the move. This
is called plate tectonics or continental
drift.

Movement

P[atesiuhduct T ww A

Plate tectonics are the mechanics
i behind the movement of the plates.
: According to the US Geological Survey,
¥ "The fastest plate races along at 15
o 4 ".5 centimeters (6 inches) per year while the
slowest plates crawl at less than 2.5
centimeters (1 inch) per year." To

¢ j{‘l‘ humans this is incredibly slow, but in
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geological time it is movement on a massive scale. In one million years the
fastest plates will have moved 6 million inches or 500,000 feet. This means
that this plate could move a little over 94 miles. This would move Los
Angeles north to where Santa Barbara is located. So in about 30 million
years Hawaii will be part of Alaska.

e ———e—————
S Faull '::; —— 1 Subduciing Ocaankc Plate M - Ocaan | Ridge and FM___-_:_-;.

P i Gurrent.

The movement of the plates
creates three types of tectonic
boundaries: convergent, where plates
move into one another; divergent,
where plates move apart; and
transform, = where plates move
sideways in relation to each other.

Currents

The movement of the plates is a

. Convection Currents
simple concept. Under the crust of the = i3
Earth is the mantle. It is a hot area with | S Senimante
semi-solid liquid. The magma closest o —_— iz

to the Earth's core is super-hot and rises

on currents of heat towards the upper / \
levels of the mantle. As it rises, the ( ‘\K { "‘\
liquid cools and becomes more solid. It ..,/

also becomes heavier. These semi- -\_,
Mantte

solids sink and reheat on the way down
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towards the core. Imagine giant circles of heat driven movement. This may
go on below the surface, but it affects the surface. The tectonic plates of the
Earth are riding on these convection currents. These convection currents
shift the plates.

Plate Boundaries

With this massive movement the plates move in different ways. The
surface cycle consists of plates moving, their edges being pulled under to
join the material in the mantle, and the mantle welling up on the other side
of the plate as a form of regeneration. The boundaries of the plates grind
against each other and cause friction. This friction is released as energy in
the form of earthquakes. When a divergent plate boundary is formed, the
plates move away from each other. In these areas, the boundary area pushes
the continents away from each other as magma moves to the surface. When
a convergent plate boundary is formed, one plate rises over the top of
another.

e S-S

lmlﬂ ﬂmEl'l' mr!lmr CONTMENTAL RIFT FaRE
ll..!.'l'! ﬁuml\‘ FLATE OIND PLATE BOURSRAN)

One plate is pushed under the other plate to become part of the mantle.
When a transformed plate boundary is formed, the plates slide against each
other in opposite directions. These boundary types are fault lines like the
San Andreas Fault. They don't have spectacular features like mountains or
oceans, but the halting motion often triggers large earthquakes, such as the
1906 one that devastated San Francisco.
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Convergent Boundaries

India and Asia crashed about 55 million years ago, slowly giving rise
to the Himalaya, the highest mountain system on Earth. As the mash-up
continues, the mountains get higher. Mount Everest, the highest point on
Earth, may be a tiny bit taller tomorrow than it is today.

Convergent
Plate Hmdarr

Transform Divergent  Convergent

These convergent boundaries also occur where a plate of ocean dives,
in a process called subduction, under a landmass. As the overlying plate
lifts up, it also forms mountain ranges. In addition, the diving plate melts
and is often spewed out in volcanic eruptions such as those that formed
some of the mountains in the Andes of South America.

At ocean convergences, one plate usually dives beneath the other,
forming deep trenches like the Mariana Trench in the North Pacific Ocean,
the deepest point on Earth. These types of collisions can also lead to
underwater volcanoes that eventually build up into island arcs like Japan.
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Divergent Boundaries

At divergent boundaries in the oceans, magma from deep in the Earth's
mantle rises toward the surface and pushes apart two or more plates.
Mountains and volcanoes rise along the seam. The process renews the
ocean floor and widens the giant basins. A single mid-ocean ridge system
connects the world's oceans, making the ridge the longest mountain range
in the world.

Continentsl Crast

e T e e

S level
Magma in fissures

100 Km

Divarging Plate Boundary
Qceanic Ridge - Spreading Center

On land, giant troughs such as the Great Rift Valley in Africa form
where plates are tugged apart. If the plates there continue to diverge,
millions of years from now eastern Africa will split from the continent to
form a new landmass. A mid-ocean ridge would then mark the boundary
between the plates.

Questions

1. What is a tectonic process?
2. Please give the definition of a tectonic plate.

3. What is the speed of the slowest and the fastest tectonic plates
movement?

4. How many types of tectonic boundaries do you know?

5. What is the deepest point on the planet?
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force

giant

puzzle
continental drift
crawl
incredibly
inch
convergent
divergent
transform
massive scale
sideway

semi-solid liquid
sink

reheat

to affect
convection current
welling up
earthquake

fault line
landmass

trench

collision
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3.4 ROCK DEFINITION. ENGINEERING GEOLOGY

Rock

What is a ‘rock’? In Geology, ‘Rock’ is defined as the solid material
forming the outer rocky shell or crust of the earth. There are three major
groups of rocks by its origin:

(1) (2) (3)
1)Igneous rocks: cooled from a molten state; e.g., granite, basalt...;

2)Sedimentary rocks: deposited from fluid medium; the products of
weathering of other rocks in water; e.g., sandstone, mudston;

3)Metamorphic rocks: formed from preexisting rocks by the action of
heat and pressure. e.g., dolomite, marble.

Igneous rock is one of the three main rock types.
Igneous rock is formed by magma (molten rock) [
cooling and becoming solid. Igneous rock may form MRS
with or without crystallization, either below the
surface as intrusive (plutonic) rocks or on the surface
as extrusive (volcanic) rocks.. Typically, the melting
is caused by one or more of three processes: an
increase in temperature, a decrease in pressure, or a
change in composition. Over 700 types of igneous F
rocks have been described, most of them having
formed beneath the surface of Earth's crust.
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Igneous rocks make up approximately 90% of the upper part of the
Earth's crust, but their great abundance is hidden on the Earth's surface by a
relatively thin but widespread layer of sedimentary and metamorphic rocks.

Intrusive igneous rocks are formed from magma that cools and
solidifies within the crust of a planet. Surrounded by pre-existing rock,
called country rock, the magma cools slowly, and as a result these rocks are
coarse grained. The mineral grains in such rocks can generally be identified
with the naked eye.

Extrusive igneous rocks are formed at the crust's surface as a result of
the partial melting of rocks within the mantle and crust. Extrusive Igneous
rocks cool and solidify quicker than intrusive igneous rocks. Since the
rocks cool very quickly they are fine grained.

The melt with or without suspended crystals and gas bubbles is called
magma. Magma rises because it is less dense than the rock from which it
was created. When it reaches the surface, magma extruded onto the surface,
then it is called lava.
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Schematic diagrams showing the principles behind fractional crystallisation in a
magma. While cooling, the magma evolves in composition because different minerals
crystallize from the melt. 1: olivine -crystallizes, 2: olivine and pyroxene; 3: pyroxene and
plagioclase crystallize; 4: plagioclase crystallizes.

As magma cools, minerals typically crystallize from the melt at
different temperatures (fractional crystallization). Magmas of different
compositions can mix with one another.

Classification

Igneous rocks are classified according to mode of occurrence, texture,
mineralogy, chemical composition, and the geometry of the igneous body.

The classification of the many types of different igneous rocks can
provide us with important information about the conditions under which
they formed. Two important variables used for the classification of igneous
rocks are particle size, which largely depends upon the cooling history, and
the mineral composition of the rock.

In a simplified classification, igneous rock types are separated on the
basis of the type of feldspar present, the presence or absence of quartz.
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Igneous rocks which have crystals large enough to be seen by the
naked eye are called phaneritic; those with crystals too small to be seen are
called aphanitic. Generally speaking, phaneritic implies an intrusive origin;
aphanitic - an extrusive one.

Texture and chemical composition

Texture is an important criterion for the naming of volcanic rocks. The
texture of volcanic rocks, includes the size, shape, orientation, and
distribution of mineral grains and the intergrain relationships.

Textural criteria are less critical in classifying intrusive rocks where the
majority of minerals will be visible to the naked eye or at least using a hand
lens, magnifying glass or microscope. Mineralogical classification is used
most often to classify plutonic rocks.

Igneous rocks can be classified according to chemical or mineralogical
parameters:

Chemical: total alkali-silica content:

e acid igneous rocks containing a high silica content, greater than
63% Si0; (example granite )

e intermediate igneous rocks containing between 52 - 63% SiO;
(example andesite)



146

Chapter 3

e basic igneous rocks have low silica 45 - 52% and typically high
iron - magnesium content (example gabbro and basalt)

Mafic magmas produce dark colored rocks made of dark minerals
(such as Basalt), intermediate magmas - intermediate colored rocks (e.g.
Diorite) and felsic magmas -light colored rocks (e.g. Granite).

Because of these conditions it is natural to classify igneous rock on
color and texture.

The following table is a simple subdivision of igneous rocks according
both to their composition and mode of occurrence.

Composition
Mode of occurrence |Felsic Intermediate | Mafic Ultramafic
Intrusive Granite Diorite Gabbro Peridotite
Extrusive Rhyolite Andesite Basalt Komatiite

Sedimentary rocks

The simple scheme for the evolution of sedimentary rocks says there
are three end products that all sedimentary processes are working to reach -
quartz sandstone, shale, and limestone.

Beach NesrShelf _ Far__ Sholf

B

shale I1masmna

The three attractors in the simple ideal model are not isolated,
however; each one stands for a class of weathering products. For example:
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Quartz sandstone = all visible grains.

Shale — all clay sized grains (clay is a generic name; there are many
kinds of clay minerals as well as other minerals that are clay sized).

Limestone — all dissolved minerals, including not only calcite CaCOs,
but also halite (table salt; NaCl), and gypsum (CaSO,4. HO) among others.

On the chart below we can see these additional weathering products.

o e e Mear Shelf Far Shelf

e e e e e ettt

‘@ shale limestone
VISIBLE GRAINS CLAY-SIZED GRAINS IN SOLUTION
Quartz sand CaCO,

Lithics Sy aLnaraa CaMg(CO,),
Feldspar % ) Cas0,
Resistent minerals TN T;;?
&

From now on, sedimentary rocks are generally divided into three great
categories, siliciclastic (or simply, clastic) rocks, chemical rocks and
biochemical rocks. Their relationships are shown in the figure below.
Observe how visible grains and clay sized grains mix together to form
clastic rocks, while minerals in solution split to form chemical and
biochemical rocks.

Clastic rocks are composed of weathering products that do not
dissolved into water and have silica (SiO;) as one of their major
components, and are transported either by rolling along the bottom, or in
suspension. Because of this the visible grain and clay sized grain
weathering products in the chart above tend to be mixed, and deposited
together. So we group them together as siliciclastic rocks.



148 Chapter 3

VISIBLE GRAINS CLAY-SIZED GRAINS IN SOLUTION
Quartz sand CaCD
Lithics Y e CaMg(CO,),
PSR Iron oxides CuSD.

0

SII.ICICLASTIC ROCKS CHEMICAL ROCKS [BIOCHEMICAL ROCKS

+— CARBONATE ROCKS —*
Dolitic rocks | Micrites
Intraclast rocks | Foasiliferouns rocks

Minerals in solution are not generally
deposited in the presence of siliciclastic
rocks. Indeed, these rocks are so different
from clastic rocks that geologists often
specialize in studying either one group or the
other.

To deposit minerals that are in solution,
they must some how come out of solution
and this happens two ways. Either they
precipitate directly from sea water (usually
because it is evaporating and concentrating
the salts) - chemical rocks.

Or " plants" and " animals" or their
skeletons eventually become part of the
sediment as biochemical rocks.
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Chemical/biochemical rocks fall into several groups, depending on
how they form.

Carbonates: These are composed of the mineral calcite (CaCOs -
calcium carbonate), and are thus all known as carbonates.

Other chemical rocks: These rocks fall into two categories. Chert is a
siliceous rock that forms from the recrystalized skeletons of "animals "or
single celled" plants. Rock salt (halite; NaCl) and gypsum (CaSO4 . H,O)
originally are dissolved in the sea water, thus making the sea salty. When
sea water evaporates in a closed area, such as a lagoon, the salt
concentration becomes very high and precipitates out. The process is
common in desert areas, with examples today in the Red Sea and Dead Sea
in the Middle East, both highly saline.

Other biochemical rocks: Peat and coal because they come from plant
remains are biochemical rocks, but wunlike all the other
chemical/biochemical rocks peat and coal always form in the presence of
clastic rocks — sandstones and shales.

Sedimentary rocks form in so many different ways, from so many
different processes that coming up with one scheme that is inclusive and yet
straight forward is not easy. There always seem to be exceptions to the rule
that have to have to be explained individually.

Metamorphic rocks

Metamorphism is the recrystallization of pre-existing rocks due to
changes in physical and chemical conditions, primarily heat, pressure, and
the introduction of chemically active fluids.

The change in the particle size of the rock during the process of
metamorphism is called recrystallization. For instance, the small calcite
crystals in the sedimentary rock limestone change into larger crystals in the
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metamorphic rock marble, Both high temperatures and pressures contribute
to recrystallization.

Conditions of formation: Metamorphic
rock is the result of the transformation. They
may be formed simply by being deep beneath
the FEarth's surface, subjected to high
temperatures and the great pressure of the
rock layers above it. They can form from
tectonic processes such as continental
collisions.

They are also formed when rock is heated up by the intrusion of hot
molten rock called magma.

Metamorphic minerals are those that form only at the high
temperatures and pressures associated with the process of metamorphism.

Metamorphism is the process that occur in rocks due to the effects of
e High temperature
e High pressure

e Chemically active fluids

Pressure
UNIFORM PRESSURE DIFFERENTIAL PRESSURE
- increases with depth due to - increases with depth up to
increase in overburden. some extent, effective in the

upper part of the crust.

- acts vertically downwards - acts in all directions and affects
and affects the volume of both only on solids resulting into
liquid & solids. deformation of shape and change

in mineral composition
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Where does the heat come
from? The heat comes from
magma. Where does the pressure
come from? The pressure comes
from layers of rock piled on top of
layers and layers of rock. The
layers on the bottom get squeezed.
The thicker the layers, the more
pressure there is.

Heat and pressure usually
work together, because both rise as
you go deeper in the Earth. At high
temperatures and pressures, most
rocks break down and change into a different assemblage of minerals that
are stable in the new conditions.

Fluids are an important agent of
metamorphism. Every rock contains
some water, but sedimentary rocks hold
the most. That process, which changes a
rock's chemistry rather than just its
mineral  assemblage, is  called
§ metasomatism.

2 Metamorphic rocks form deep in
® the earth where high temperature, great
pressure, and chemical reactions cause
one type of rock to change into another
one. Metamorphic rocks begin to form
at 12-16 kilometers beneath the earth's
surface. They begin changing at
temperatures of 100 degrees Celsius to
800 degrees Celsius.
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Some Common Metamorphic Rocks
Name Image Color Texture
Gneiss Pink/Gray Foliated
Light .
Marble Colored Unfoliated
. Light .
Quartzite Colored Unfoliated
Dark Gray to .
Slate Black Foliated

Metamorphic Rocks Classification

Metamorphic rock is classified by texture and composition. The texture
can be foliated or nonfoliated.

Foliation is the presence of mineral layers is called foliation.
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Preferred
— — crientation
e T— w— Of minerals
— —
——

Random

_ : maximum stress
orientation direction

Of minerals

FOLIATED NON-FOLIATED

The common foliated rocks in the order
of increasing grain size are

SLATE - PHYLLITE - SCHIST - GNEISS QUARTZITES and HORNFELS
: L o=E > o - E 5 b
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The mineral grains in rocks subjected to extreme pressure often
rearrange themselves in a parallel fashion, creating a foliated texture (Image
A - before metamorphism; Image B - after metamorphism).

Grain size is another characteristic of texture. It ranges from very fine
to course.

Classification of Metamorphic Rocks

;r:ekc’f Parent Rock  Texture QGrain Size Notes

bylie [T

very fine smooth dull surfaces

fine  glossy sheen

mediumto _ . .
mineral banding
course
medium to Interlocking calcite or

course dolomite grains

medium to :
fused quartz grains
course

fine

o
T

black, shiny, organic
rock

Anthracite -
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Uses of rocks

The usage of rocks has had impact on cultural and technological
growth of the human race. For more than two millions years, rocks have
been used by humans and hominids. One of the primary factors for the
human advancement is the mining of rocks, which has progressed at
different rates in different places because of some kind of metals are
available only in defined regions. Stone Age, Bronze Age, and Iron Age are
the classifications of the prehistory and history of civilization.

Geology is the study of the Earth from different perspectives, it

studies:

Composition —Mineralogy, petrology;

Surface expression—Geomorphology;
Structure—Structural geology;

Internal activities—Global geophysics;
Formation process—Stratigraphy, geochronology;

Ancient Life-Paleontology;

The physical nature of the Earth and its interaction with engineering
construction is called Engineering Geology.
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The interrelationships between Earth’s internal and exterior processes
of rock formation and disintegration are described by the rock cycle.

Sedimentary

Weathering & Erosion

wsiydioweyapy

Metamorphic
Rocks

INTERNAL HEAT

The rock cycle:
o relates the three rock types to each other

e shows surface processes such as weathering, transportation and
deposition

e shows internal processes such as magma generation and
metamorphism.
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Movements in Earth’s crust are the mechanisms responsible for
recycling rock materials; they therefore drive the rock cycle.

Thus, in pure geological sense rock is defined as the essential part of
the earth’s crust. Geologists concern about the origin, classification, history,
and the spatial aspects of rocks. So, geologically speaking, ice, sand,
marble, coal, basalt, can be simply regarded as rocks. However, the
Engineering Geologists have a different, and relatively narrower view of
rocks. The Engineering Definition of Rocks - Rock is the hard and durable
material.

By an excavation point of view, rocks are the earth materials that
cannot be excavated without blasting. This definition clearly excludes other
kinds of earth materials such as soils and glacial tills, etc. Here is another
engineering definition of rocks: the earth materials that do not slake when
soaked into water. For example, a thick loess deposit is regarded as rock
geologically and regarded as soil in engineering.

Rock Identification

Rocks are identified mostly by its:
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texture;

mineral composition;
field relationships;
color;

hardness;

specific weight;
crystal form;
magnetism.

Apparently, some techniques used in identifying minerals can also be
used to classify the rock type.

Rock Properties for Engineering

Rock is significant for two major reasons in engineering:

1)As building materials for constructions;

2)As foundations on which the constructions are setting.

For the consideration of rocks as construction material the engineers
concern about:

a)Density to some extent (for calculating the weight, load to the
foundation, etc.);

b)Strength;

c¢)Durability;
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For the consideration of rocks
as the construction foundation the
geological engineers concern about
the rocks:

a)Density;
b)Strength;
c)Compressibility;

The Nathan Hale Monument in
Coventry, Connecticut. Built in
1851 with granite blocks quarried
from Quincy, MA.

Questions

1. What is a rock?

2. What major groups of rocks do you know?
3. Give the definition of engineering geology.
4. By what methods rocks can be identified?

5. What rock properties can you name?
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fluid medium
weathering
preexisting
impact

human race
hominid
advancement
prehistory
interaction
interrelationship
disintegration
rock cycle
magma generation
essential
spatial aspect
narrow

durable
blasting

to exclude
glacial tills

to slake

loess

to regard
apparently
extent
compressibility

Vocabulary

[“flu(:)id ‘mi:djom]
[‘wezoariin]
[praeiq’zistin’]
[impakt]

[‘hju:mon reis ]
[ho:minid]
[od’vansmant]
[pre’hist(o)ri]
[“intoraek(o)n]
[“intorri’leif(o)nfip]
[dis’intigrei[n]
[rok ‘saikl]
[maegma dzena’reif(o)n]
[i’senf(o)]]

[spjfl ‘espekt]
[‘narau]
[‘djuarabl]
[bla:sti:n’]
[iks’klu:d]
[‘gleisjal tils]
[sleik]

[les]

[ri’ga:d]
[o’per(o)ntli]
[iks’tent]
[kem’prefJibiliti]

JKUJKas cpena
BBIBETPHUBAHUE
MPEAIIECTBYOIIUN

BIIUSHUE, BO3ICHCTBHUE
yeJioBeyeckas paca
YeJI0BEKOOOpa3HbII

mporpecc, ycrnex

MIPEABICTOPUS, JOUCTOPUS
B3aUMOJICHCTBHE, B3aMMOCBS3b
COOTHOIIICHHE, B3aUMOOTHOIIICHHE

pacmajieHue, pa3pynieHue
LUKIT TOPHBIX TOPOJ
3apOXKICHUE MarMbl
HEOThEMJIEMBIH, 00s13aTEbHBIH
IPOCTPAHCTBEHHBIN aCIEKT
Y3KHii

JIONTOBEYHBIHN, IPOYHBII
B3pPBIBHBIE PA0OTHI

HCKJTI0YaTh

JIETHUKOBBIC OTJIOKEHHUSI
HalOyxaThb

nécc

OTHOCHTHCS

SIBHO, OYCBHIHO

CTEIeHb, Mepa
CTSTUBAEMOCTb, CKIMaeMOCTh
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Chapter 4

4.1 FORMULAS OF CHEMICAL COMPOUNDS
AND REACTIONS

Chemical Formula

Understanding chemical equations is an important part of both basic
and advanced chemistry. Instructors often spend an entire semester teaching
their students how to read, interpret, write, and balance chemical equations.
Likewise, chemical equations involve many factors including chemical
symbols, reactants, products, and coefficients.

There are 3 parts to a chemical formula:

Coefficient Molecule
N ay
3 N d Oszubscript

Molecule — 2 or more elements chemically bonded together. Can be
the same element or different elements. Symbol with 2 letters have an upper
case followed by a lower case letter. Example: Pb is lead, while PB would
be phosphorus borine.

Coefficient — the big number in front of a compound or element.
(Represent the amount of molecules).

Subscript — the small number after an element or molecule. (Represent
the number of element within a molecule).
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Reading a chemical formulas

Cl
| C, C, L four
c-c-a ,
| Carbon Clorine 4
Cl
O0=C=0 C, 02

4 molecules of H, C, 1 plus O 2 give 2
molecules of C, 1 2 plus 2 molecules of H
2,0

4 molecules of Hydrogen and Chlorine
plus Oxygen two give 2 molecules of
Chlorine 2 plus 2 molecules of Hydrogen 2
and Oxygen

4HC1 + O, = 2Cl, + 2H,0

4 molecules of Hydrochloric acid plus Ox-
ygen gives 2 molecules of Chlorine and 2
molecules of water

There are features of an equation that is commonly used in the state of
the substances involved: solid, liquid, gas or water solution.

e Solid — Is denoted by a subscript (s) after the formula of the
substance, CaOg).

e Liquid — Is denoted by a subscript (1) after the formula of the
substance, H2Oyj,.

e Gas — Is denoted by a subscript (g) after the formula of the
substance, CO2g).

e Water solutions are called "aqueous solutions" and are denoted
by the subscript (aq) after the formula of the substance,
NaCl(aq).
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The heating of lime thus becomes:

a unit of solid calcium car-
bonate breaks down on heat-
ing, to form a unit of solid cal-
cium oxide and a molecule of
gaseous carbon dioxide

Ca CO3(S) —Heat T°C— CaO(S) + COz(g)

The formation of water becomes:

Two molecules of gaseous hy-
drogen and a molecule of gas-
eous oxygen react to form two
molecules of liquid water

2Hy(g) + Oag) = 2H20q)

Numbers in chemical names

It is often necessary to distinguish between compounds in which the
same elements are present in different proportions; carbon monoxide CO
and carbon dioxide CO, are familiar to everyone.

Greek Latin 3HayeHHs

mono- ['monav] uni- [ju:ni] OJIVH, OJIMHAPHBIN

di- [dai] bi- [bai] JIBa, TBOWHOM

tri- [trai] ter- [t3:] TpH, TPOUHOM, 3-X KPaTHBIN
tetra- ['tetra] quadric- ['kwndri] 9eThIpe, 4-X KpaTHBIH
penta- ['penta] quindi- ['kwindi] MIATh, S-TU KPaTHBIN
hexa- ['heksa] sexton- ['sekstov] IEeCTh, 6-TH KPaTHBIN
hepta- ['hepta] septo- ['septev] CeMb, 7-MH KpaTHBIH
octa- [pkta] octo- ['pktov] BOCEMb, 8-MU KpaTHBII
nona- [nona| nona- [nona| JIEBSITh 9-TH KpaTHBINA
deca- [deka] deca- [deka] necsath 10-Tu KpaTHBII
poly- [poli] multi- ['malti] MHOT'0, MHOTOKPATHBI#
hemi- ['hemi] semi- ['semi] MOJIOBUHA
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N0, — dinitrogen tetroxide (note the missing a preceding the vowel);
N,O — dinitrogen oxide (more commonly, nitrous oxide);

SF¢ — sulfur hexafluoride;

P4S; — tetraphosphorus trisulfide;

Na,HPO, — disodium hydrogen phosphate

H,S — hydrogen sulfide (we skip both the di and mono);

CO — carbon monoxide (mono- to distinguish it from the dioxide);
CaSO0y42H,0 — calcium sulfate hemihydrates.

Balancing chemical reaction

A chemical equation describes what happens in a chemical reaction.
The equation identifies the reactants (starting materials) and products
(resulting substance), the formulas of the participants, the phases of the
participants (solid, liquid, gas), and the amount of each substance.
Balancing a chemical equation refers to establishing the mathematical
relationship between the quantity of reactants and products. The quantities
are expressed as grams or moles.

Chemical equations must always be balanced. The law of conservation
of mass states that the quantity of each element that is present at the
beginning of a reaction must be equal to the quantity of each element that is
present at the end of the reaction. Thus, each side of a chemical equation
must symbolize an equal amount of any element that is present in the
equation. Furthermore, balancing a chemical equation is the process used to
determine how many molecules of each substance are present in the
reactants and products of a reaction.

Equations are one of the most important aspects of chemistry, as it
helps chemists understand what happens during a chemical reaction.
Especially for engineering students, learning how to read, write, and
balance chemical equations is the first step to understanding and predicting
how various chemicals will react with one another. Therefore, it is
important to memorize the chemical symbols on the scientific periodic
table.
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2H, + O, = 2H,0 (water) + 83 KJ/Mole

H,+1/20, = H,0 (water) + 242 KJ/Mole

C + 2H; = CH4 (methane) + 75,3 KJ/Mole

C + O, = CO;, (carbon dioxide) 221 KJ/Mole
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Questions

Make formulas:

e (Carbon monoxide plus water give carbon dioxide plus
hydrogen plus two hundred and five KJ per mole.

e (Carbon plus two molecules of hydrogen two give methane plus
seventy five point three KJ per mole.

e Zinc plus Copper Sulphur Oxygen four give Copper plus Zinc
Sulphur Oxygen four.

Write down formulas:

III /(I:I)\
H-C-H H—§—ﬁ—§—H
I|{ N\

e CH4+20,=CO0O,+2H,0 + 801 KJ/mole.
e (C,HsOH + HONO; — C,HsONO,; + H,O
e Cu(OH)Cl + HCl — CuCl, + HOH

e NaOH,q) + HCl(aq — NaCl (oq + HOH,



Vocabulary

infinity
asterisk
addition
negligible
subtraction
multiplication
multiplicand
quotient
fractions
numerator
denominator
integer
decimal
exponent
ratio
proportion
magnitude
determine
inverse

vary
equation
value
identity
valent

ion
chemical bond
likewise
involve
upper case
lower case
subscript
denote
aqueous solutions
conservation

Vocabulary

[in'finiti]
['este(a)risk]
[0'dif(9)n]
['neglid3obl]
[sob'treek (9)n]
[maltipli'keiS(o)n]
[maltipli'keend]
['kwou/ant]
['freek S (o)nz]
['nju:moreito]
[di'nomineito]
['intid39]
['desimal]
[ik'spovnent]
['reifiou ]
[pro'po:San]
['maegnitju:d]
[di'tomin]
[in'va:s]

['veari]
[i'’kweifan]
['veelju:]
[ai'dentiti]
[velent]

['aion]
['kemik(o)] bond]
['Taikwaiz]
[in'volv]
[upava'keis]
[lova'keis]
['sabskript]
[di'novt]
[‘eekweioas sa'luf(a)n]
[konsa'veif(a)n]

OCCKOHEYHOCTD
3BE3/I04YKa, CHOCKA
nobaBicHUE
HE3HAYNTECIbHBIN
BBIUMTAHUE
YMHOKEHUE
COMHOXHUTED
OTHOILIEHHE
Ipobu
YUCIIUTEND
3HaAMEHAaTEb
LIEJI0€ YHCIIO
NECATUYHBINA
IoKa3aTeib
OTHOILIEHHE
MPONOPIIHS
BEJIMYHHA
OTpeIeNATh
obOpaTHo

MCHSATBHCA, BApbHUPOBATHCA

ypaBHEHHE
BEJINUYMHA, 3HAYCHHE
TOXJIECTBO
BaJICHTHBIN

HOH

XUMHUYECKas CBSI3b
TaKUM ke 00pa3om
BKITIOYATh, BMEIIATh
MIPOMHUCHOM pEerucTp
CTPOYHBINA PETUCTP
HWKHUN WHJIEKC
rmoMedJaThb

BOJISTHBIE PACTBOPHI
COXpaHeHHe



172 Chapter 4

4.2 CHEMICAL COMPOSITION OF MINERALS

Common elements found in the Earth‘s rocks

Most rocks are composed of minerals. Minerals are defined by
geologists as naturally occurring inorganic solids that have a crystalline
structure and a individual chemical composition. Of course, the minerals
found in the Earth's rocks are produced by a variety of different
arrangements of chemical elements. A list of the eight most common
elements making up the minerals found in the Earth's rocks is described in
the Table.

Chemical Percent Weight in

Element Transcription Symbol Earth's Crust
Oxygen ['oksid3(o)n] O 46.60
Silicon ['silikon] Si 27.72
Aluminum [o'lu:minom] Al 8.13
Iron [ai'on] Fe 5.00
Calcium ['keelsiom] Ca 3.63
Sodium ['so v diom] Na 2.83
Potassium [po'taesiom] K 2.59
Magnesium [maeg'ni:ziom] Mg 2.09

The average chemical composition of the earth's crust has been
determined from tens of thousands of chemical analyses of rocks and
minerals taken from the surface or drill holes. The most common elements
in the crust by weight are oxygen (46.6%), silicon (27.7%), aluminum
(8.1%), iron (5.0%), calcium (3.6%), sodium (2.8%), potassium (2.6%), and
magnesium (2.1%).
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These eight elements account for about 98.5 percent of the weight of
the crust. The many other elements from the periodic table make up the
remaining 1.5 percent. It may seem surprising that oxygen, which we
normally associate with the atmosphere, is the most abundant element in
rocks. It is an important part of most common minerals, such as quartz
(S10,) and calcite (CaCO,).

Differences between rocks and minerals

A mineral is a naturally occurring solid with a definite chemical
composition and a specific crystalline structure. A rock is an aggregate of
one or more minerals. Some rocks are predominantly composed of just one
mineral. For example, limestone is a sedimentary rock composed almost
entirely of the mineral calcite. Other rocks contain many minerals and the
specific minerals in a rock can vary widely.

Some minerals, like quartz, mica or feldspar are common, while others
have been found in only four or five locations worldwide.

Commercially valuable minerals and rocks are referred to as industrial
minerals. Rocks from which minerals are mined for economic purposes are
referred to as ores (the rocks and minerals that remain, after the desired
mineral has been separated from the ore, are referred to as tailings).

Minerals are the building blocks of the earth. So it is a combination of
elements that forms an inorganic, naturally occurring solid of a definite
chemical structure. For example, SiO, is always the mineral quartz. A rock
is a solid material that is composed of various minerals.

When the mineral grains are too small to see or are irregularly shaped,
the underlying crystal structure can be determined by X-ray diffraction.

Chemistry and crystal structure together define a mineral. In fact, two
or more minerals may have the same chemical composition, but differ in
crystal structure.
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Crystal structure greatly influences a mineral's physical properties. For
example, though diamond and graphite have the same composition (both
are pure carbon), graphite is very soft, while diamond is the hardest of all
known minerals. This happens because the carbon atoms in graphite are
arranged into sheets which can slide easily past each other, while the carbon
atoms in diamond form a strong, interlocking three-dimensional network.

Graphite Diamond

There are currently more than 4,000 known minerals, according to the
International Mineralogical Association, which is responsible for the
approval of and naming of new mineral species found in nature".

Mineral properties

It is often difficult to identify a mineral simply by looking at it, but
each mineral has a set of distinctive characteristics that are easily tested in
the field or laboratory.

Minerals can be only identified absolutely by x-ray analysis and
chemical tests. The x-ray analysis determines the structure of the mineral,
and the chemical tests determine the composition of the mineral. Structure
and composition are the defining marks of a mineral.

Unfortunately for the average collector, these tests require expensive
equipment. By the other way, both structure and composition affect certain
physical properties. It is through the proper use of these properties that
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minerals can reliably be identified.

Color

Luster

Transparency

Crystal Systems
Technical Crystal Habits
Descriptive Crystal Habits
Cleavage

Fracture

Hardness

Specific Gravity

Streak

Associated Minerals
Feel

Taste

Chemical classification of the minerals

There are different grouping systems in use. So the minerals may be
classified according to chemical composition. They are here categorized by

anion group.

Class Name Description

I Elements Metals, alloys, semi-metals and non-metals

11 Sulfides Sulfur is the principal anion

111 Halides Halogen elements are anions: F, Cl, Br

v Oxides Oxygen is the principal anion, includes hydroxides in which
the hydroxyl radical (OH) acts as the anion

\ Carbonates Carbonate radical (CO;) is the principal anion

VI Sulphates Sulphate radical (SO,) is the principal anion

VII Phosphates Anions are principally PO,

VIII Silicates Silicate groups as anions combining with other elements:
includes silica SiO,

IX Organic Biogenic substances
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Element class

ey The Elements class includes over one
' hundred known minerals. Many of the minerals
in this class are composed of only one element.
Most minerals are made up of combinations of
chemical elements.

Geologists sometimes subdivide this group
into metal and nonmetal categories.

Gold, silver, and copper are examples of
metals.

The elements sulfur and carbon produce the minerals sulfur, diamonds,
and graphite which are nonmetallic. This group also includes natural alloys,
such as electrum (a natural alloy of gold and silver) and carbides.

Sulfide class

The Sulfide classare an economically
important class of minerals.

Many of these minerals consist of metallic
elements in chemical combination with the
o element sulfur. Many of the world’s primary
metal ores belong to this group.

Most ores of important metals such as
mercury (cinnabar - HgS), iron (pyrite — FeS,),
and lead (galena- PbS) are extracted from
sulfides. Many of the sulfide minerals are
recognized by their metallic luster.

This group of minerals tend to be dense, brittle, and metallic in
appearance.
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Halide class

The Halide minerals are the group of
minerals forming the natural salts and include
k fluorite (calcium fluoride), halite (sodium

; ‘ chloride). Halides, like sulfates, are commonly

‘F”‘ found 1n settings such as salt lakes and seas such

t\ _ % as the Dead Sea and Great Salt Lake.

The Halides are a group of minerals whose
principle chemical elements are fluorine,
chlorine, iodine, and bromine. Many of them are
very soluble in water. Halides also tend to have a
highly ordered molecular structure and a high degree of symmetry. The
most well-known mineral of this group is halite (NaCl) or rock salt and
fluorite (CakFy).

Oxide class

Oxide minerals are extremely important in
mining as they form many of the ores from
which valuable metals can be extracted. They
commonly occur as close to the Earth's surface,
oxidation products of other minerals in the near
surface weathering zone, and as minerals in
igneous rocks of the crust. Common oxides
include hematite Fe,Os; (iron oxide) and
magnetite Fe;O4 (iron oxide).

The Oxides are a group of minerals that are compounds of one or more
metallic elements combined with oxygen, water, or hydroxyl (OH). The
minerals in this mineral group show the greatest variations of physical
properties. Some are hard, others soft. Some have a metallic luster, some
are clear and transparent. Some representative oxide minerals
include corundum, cuprite, and hematite.
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Carbonate class

The Carbonate class consists of
minerals which contain one or more
metallic elements chemically associated
with the compound COs. Most carbonates
are lightly colored and transparent. All
carbonates are soft and brittle. Carbonates
also effervesce when exposed to warm
hydrochloric acid. Most  geologists
considered the nitrates and borates as
subcategories of the carbonates. Some
common carbonate minerals include
calcite, dolomite, and malachite.

Carbonates are usually deposited in marine settings when the shells of
dead planktonic life settle and accumulate on the sea floor.

Sulfate class

The Sulfates are a mineral group that contain
one or more metallic element in combination
with the sulfate anion compound SO4. Sulfates
commonly form in settings where highly saline
waters slowly evaporate.

All sulfates are transparent to translucent
and soft. Most are heavy and some are soluble in
water. Rarer sulfates exist containing
replacement for the sulfate compound. For

example, in the chromates SOy is replaced by the compound CrOy .

Two common sulfates are anhydrite and gypsum.
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Phosphate class

The Phosphates are a group of minerals of
one or more metallic elements chemically
associated with the phosphate compound POy.

The phosphates are often classified together
with the arsenate, tungstate, and molybdate
minerals.

Most phosphates are heavy but soft. They are usually brittle and occur
in small crystals or compact aggregates.

The most common phosphate is apatite which is an important
biological mineral found in teeth and bones of many animals.

Silicate class

The Silicates are by far the largest group of
minerals (most rocks are > 95% silicates), which
are composed largely of silicon and oxygen, with
the addition of ions such as aluminium,
magnesium, iron, and calcium.

Chemically, these minerals contain varying
amounts of silicon and oxygen. It is easy to
distinguish silicate minerals from other groups,
but difficult to identify individual minerals
within this group. None are completely
transparence.

The construction component of all silicates is the tetrahedron. A
tetrahedron is a chemical structure where a silicon atom is joined by four
oxygen atoms (SiO4). Some important rock-forming silicates include the
feldspars, quartz, olivines, pyroxenes and micas.
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Organic class

The Organic mineral class includes biogenic
substances in which geological processes have
been a part of the genesis the existing compound.

The Organic minerals are a rare group of
minerals chemically containing hydrocarbons.
Most geologists do not classify these substances
as true minerals. Note that our original definition
of a mineral excludes organic substances.

However, some organic substances that are found naturally on the
Earth exist as crystals. These substances are called organic minerals.
Amber is a good example of an organic mineral.

Common minerals

Group Typical Minerals Chemistry Chemical name
Gold
[ow Au Gold
Silver .
['silvo] Ag Silver
(5125113):; Cu Copper
El t
cments Carbon ['ka:bon]
(Dlarflond, Graphite) C Carbon
['datomond],
['greefait]
Sulfur
[salfo] S Sulfur
Cinnabar
- HgS Mercury Sulfide
Sulfides Galena
[salfards] [go'liing] L Ll il
Pyrite FeS, Iron Sulfide

['patrart]
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Halides
['haelaidos]

Oxides
['oksaids]

Carbonates
['ka:ban(e)it]

Sulfates
['sulfeites]

Phosphates
['fosfeits]

Silicates
['silik(e)its]

Organics
[2:'geniks]

Fluorite
['flu(o)rait]
Halite
['heelait]
Corundum
[ko'rendom]
Cuprite
['kju:prait]
Hematite
['hemaotait,'hi:]
Calcite
['keelsait]
Dolomite
['dolomart]
Malachite
['maelokait]
Anhydrite
[een'haidrait]
Gypsum
['d3ips(e)m]
Apatite
['eepatart]
Albite
[‘elbart]
Beryl
['berl]

Biotite
[baratart]

Muscovite
['meskovait]
Olivine
['olivi:n]
Orthoclase
['o: Bkleiz, -eis]
Quartz
[kwo:ts]
Amber
[lemba]

CaF,
NacCl
AL O;
Cu,0
Fe,03

CaCO3

CaMg(CO;),

Cuy(CO3)(OH),

CaSO,

CaS0,%(H,0)

Cas(F,CL,LOH)(PO,)

NaAlSig,Og

Be3Alz(SiO3)6

K (FE,

Mg);AlSi;04(F,

OH),

KAL(AISi;0,)(F,

OH),

(Mg, Fe),SiO,

KAISi;Oq
SiO,

C10H16O

Calcium Fluoride
Sodium Chloride
Aluminum Oxide
Copper Oxide
Iron Oxide

Calcium Carbonate

Calcium Magnesium Car-
bonate

Copper Carbonate Hydrox-

ide

Calcium Sulfate

Hydrated Calcium Sulfate

Calcium (Fluoro, Chloro,
Hydroxyl) Phosphate

Sodium aluminum silicate

Beryllium Aluminum Sili-
cate

Potassium iron magnesium
aluminum silicate hydrox-
ide fluoride

Potassium aluminum sili-
cate hydroxide fluoride

Magnesium Iron Silicate

Potasium Aluminum Sili-
cate

Silicon dioxide

Succinic acid
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Elements

Gold is a very stubborn element when it comes

Gold to reacting or combining with other elements.
[gov1d] Many people have discovered this unique fea-
ture throughout the ages.
Silver has been mined for eons and has always
Silver !aeen popular in jewelry and for coinage. Only
[silve] in the past hundred years however, has the
need for silver been so great. The reason for
this need is the use of silver in the industry,
Native copper (copper found in a chemically
Copper upcombined stgte) has been mined for gentu-
[kopo] ries and now is depleted as an economically
viable ore. Native copper is still found in lim-
ited quantities in once-active mining regions.
Carbon Diamond is the ultima}te gemstone. It is well
(Diamond known.that diamond is the hardest sqbstance
Graphite)’ fgund in pature, b}lt few people realize that
['da1omond] diamond is four times harder than the next
, o hardest natural mineral, corundum. Graphite is
[grecfait] a polymorph of the element carbon.
Major ore of sulfur is used for chemical pro-
duction. It occurs when water (including hu-
Sulfur midity in the air) mixes with the sulfur and a
['salfo] small amount of hydrogen sulfide (H,S) gas is

produced and has the smell of rotten eggs.
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Sulfides [salfaids]

Cinnabar is a colorful mineral that adds a
unique color to the mineral color palette.
The scarlet red color can be very attractive
in different kind of rocks.

Cinnabar
['s1noba:]

Galena is a common and popular mineral
for rock hounds. The structure of Galena
is identical to that of halite, NaCl. The two
minerals have the same crystal shapes,
symmetry and cleavage. Some Galena
may contain up to 1% silver in place of
lead.

Galena
[go'liinog]

Pyrite's structure is analogous to galena's
structure with a formula of PbS. Galena,
though, has a higher symmetry. The dif-
ference between the two structures is that
the single sulfur of galena is replaced by a
pair of sulfurs in pyrite.

Pyrite
['parrart]

Halides ['halaidos]

Fluorite is well known and for its glassy
luster and rich variety of colors. Fluorite is
the most popular mineral for mineral col-
lectors in the world, second only to quartz.
Fluorite is also rare gemstone.

Fluorite
['flu(o)rait]

Halite, better known as rock salt, can easi-
ly be known by its taste. It was found in
many current evaporative deposits such as
near Salt Lake City, Utah and Searles
Lake, California in the U.S., where it crys-
tallizes out after lakes evaporating.

Halite
['heelait]
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Corundum
[ko'rendom]

Cuprite
['kju:prait]

Hematite
['hemaotait, 'hi:]

Anhydrite
[en'haidrait]

Gypsum
['d3ips(e)m]

Oxides ['oksaids]

Corundum is the third hardest natural
mineral known to science. The hardest
mineral, diamond is still four times harder
than corundum. Aluminium oxide is used
as a gemstone like topaz and aquamarine
[,eekwoma'ri:n].

Cuprite has been a major ore of copper
and is still mined in many places around
the world. Copper oxide is rarely as a
gemstone but not so expensive as a gold
or silver.

Hematite is an important ore of iron and
its blood red color (in the powdered form)
gives itself well to use as a pigmen. Iron
oxide is very important ore of iron

Anhydrite is a relatively common sedi-
mentary mineral that forms massive rock
layers. Anhydrite does not form directly,
but is the result of the dewatering of the
rock forming mineral Gypsum (CaSOy4-
2H,0).

Gypsum is one of the more common min-
erals in sedimentary environments. It is a
major rock forming mineral that produces
massive. Since it forms from saline water,
gypsum can have many inclusions of oth-
er minerals and even bubbles of air and
water.
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Carbonates ['ka:bon(e)it]

It is one of the most common minerals on the
face of the Earth, consists about 4% by weight
of the Earth's crust and is formed in many
different geological environments. Calcite is
even a major component in the igneous rock
called carbonatite and forms the major portion
of many hydrothermal veins. Some of these
rock types are composed of better than 99%
calcite.

Calcite
['keelsait]

Dolomite is a common sedimentary rock-
forming mineral. The rocks which consists
dolomite are also called dolomitic limestone.
Dolomite in addition to the sedimentary beds
is also found in metamorphic marbles, hydro-
thermal veins and replacement deposits.

Dolomite
['dolomart]

Malachite is a famous and very popular semi-
precious stone. Some malachite contains spe-
cial combinations with other value minerals.
Malachite is also popular in jewelry
['d3u:alr1].

Malachite
['maelokait]

Phosphates ['fosfeit]

Apatite is actually three different minerals
depending on the predominance of either fluo-
rine, chlorine or the hydroxyl group Neverthe-
less it is called Calcium (Fluoro, Chloro, Hy-
droxyl) Phosphate. Apatite is widely distrib-
uted in all rock types; igneous, sedimentary
and metamorphic.

Apatite
['epotart]
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Organics [o:'geniks]

Amber is a beautiful stone that is cut and
polished and used as a valuable gemstone
and semi-precious stone. It is very light in
weight which allows it to be used in a
large jewelry piece without discomfort.

Amber
['eemba]

Silicates ['silik(e)its]

Albite by definition must contain no less
than 90% sodium and no more than 10%
of either potassium. Albite is the last
stage of crystallize from molten rock. The
process of crystallization from a molten
rock body serves to isolate rarer elements
in the last stages of crystallization. Thus
albite is often found with some lovely
rare and beautiful minerals

Albite
['eelbart]

Augite is an important rock-forming min-
eral in many igneous rocks, especially in
gabbros and basalts, and is also found in
some hydrothermal metamorphic rocks.
Augite is a part of an important solid so-
lution series of the pyroxene group.

Augite
['0:d3ar1t]

Beryl is often unknown to the general
public, even the gemstone-buying public.
However, it is one of the most important
gem minerals. Large crystals of aquama-
rine and izumrud are available on the
open market and represent perhaps the
largest raw gemstone specimens.

Beryl
['ber1l]

More generally, it refers to the dark mica
series. Like other mica minerals, biotite
has a highly perfect cleavage, and con-
sists of flexible sheets. Biotite is found in
a wide variety of igneous and metamor-
phic rocks.

Biotite
['barotart]
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Hornblende
['ho:nblend]

Muscovite
['maskavait]

Olivine
['oliviin]

Orthoclase
['o: Bkleiz,
-eis]

Quartz
[kwo:ts]

Hornblende is actually the name given to a
series of minerals that are rather difficult to
distinguish by ordinary means. Hornblende is
not often a collection mineral because good
crystals are somewhat difficult to find even
though the mineral is widespread.

Muscovite is a common rock forming miner-
al and is found in igneous, metamorphic and
sedimentary rocks. The sheets of muscovite
also have high heat and electrical insulating
properties and are used to make many electi-
cal components.

Olivine is found in ultramafic igneous rocks
and marbles that formed from metamor-
phosed impure limestones. Mafic is a word
that is used to define igneous rocks with a
high iron and magnesium content.

Orthoclase is a polymorph of other minerals
that have the same chemistry, but have dif-
ferent crystal structures. Orthoclase is extru-
sive igneous rock, forming when the rock
cooled quickly.

Quartz is the most common mineral on the
face of the Earth. It is found in nearly every
geological environment and is at least a com-
ponent of almost every rock type. It frequent-
ly is the primary mineral, >98%. Quartz can
be uses for glass production, electrical com-
ponents, optical lenses, gemstones, ornamen-
tal stone, building stone
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Questions
1. Give a definition of mineral.

2. What is the most widespread chemical element that forms most of
the minerals?

3. What are the differences between rocks and minerals?

4. Which minerals have the same chemical composition but differ in
chemical structure?

5.How many minerals exist in the world?

6. What is the easy way to identify minerals?

7. How many chemical classes of minerals do you know? Name them.
8. What are the common representatives of the element class?

9. What is the hardest mineral?

10. Who are rock hounds?
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periodic
remaining
abundant
aggregate
predominantly
composed
feldspar
referred
tailings
diffraction
pure

slide
interlocking
three-dimensional
currently
species
distinctive
determine
reliably

luster
transparency
cleavage
fracture
specific gravity
streak

anion

mercury
cinnabar
lead

tend
dense
brittle
soluble
hydroxyl
effervesce

Vocabulary

[pi(a)ri'ndik]
[ri'mein]
[o'bandant]
[‘egrigeit]
[pri'dopmonontli]
[kom’pouzd]
['feldspo:]
[ri'f3:]

['teilin]
[di'freek [ (e)n]
['pijve]

[slaid]
[inta'lokin]
[Ori:-d(a)i'men[(e)nal]
['karantli]
['spi:Si:z]
[dis'tin(k)tiv]
[di't3:min]
[ri'laiabli]
['Iastor]
[treen'speeronsi]
['kli:vid3]
['freektSa]
[spi'sifik,'greeviti]
[stri:k]
['eenaion]

['m3:kjori]
['sinabo:]

[li:d]

[tend]

[dens]

['britl]
['pljub(a)l]
[hai'droks(a)il]
[efoves]

HNEepUOTUIECKU
OCTaJIbHOU
pacnpocTpaHeHHbII
COBOKYITHOCTb
MPEUMYIECTBEHHO
CKJIa/IbIBAThCS
IOJIEBOH IIMAT
OTHOCUTb

OTXOJIbI

nudpakius

YHCTHIN, 0€3 mpuMeceit
CKOJIb3UTh
B3aMMOCBSI3aHHbIE
TPEXMEPHBIN

B HACTOSIHHBI MOMEHT
BH/IBI

OTJIMYUTEIIbHBIE
ONpENEATh

Ha/IeKHO

Oneck

MIPO3PaYHOCTh
KJIMBaX, CIIaifHOCTh
TPELIMHOBATOCTh
yZAelibHas MI0THOCTD
YepToUKa

aHMOH (OTPHULIATENBHO 3a-
PSIKEH FOH)

pPTYyThH

KUHOBAaph, pTyTHAs pyaa
CBUHEL

CKJIOHHBII

rycroi

XPYTKUH
pacTBOPUMBII

TUAPOKCHIL, BO}:[HLIfI OCTaToOK
BBIACIIATHCA B BUJAC MTY3bIPb-

KOB
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exposed
marine settings
shell

settle

saline
evaporate
translucent

tungstate
distinguish
tetrahedron
mica
stubborn
eons
coinage
uncombined

depleted
ultimate
gemstone
realize
humidity
palette
scarlet

rock hounds
dewatering
semi-precious
polish
hornblende
insulate

[ik'spavz]
[ma'ri:m, 'setin]
[Jel]

['setl]

['seilain]
[i'vaeporeit]
[treenz'Tu:s(o)nt]

['tansteit]
[dis'tingwi/]
[tetro'hi:dron]
[mika]
['staban]
[ions]
['koinid3]

[an'kpmbain]

[di'pli:tid]
['altimeit]
['d3emstevn]
['riolize]
[hju:'miditi]
['peelit]
['sko:lit]
['rokhavnd]
[de'wo:terin]
['semi,'prefas]
['polif]
['ho:nblend]
['insjvleit]

MOJaBaTh BIIMSHHUIO
MOPCKHE YCIIOBHS

pakymika

MOCEIIAThCS, MafaTh HA JTHO
COJISTHOM

WCTIAPUTHCS
MIPOCBEYUBAIOIIUH, MOTY-
TIPO3paYHbIIA;

BOJIb(ppamar

OTJINYATh

TETpadIp, YSTHIPEXTPAHHUK;
cirona

HENOIaTJINBbII

BEYHOCTh

MIPOU3BOJICTBO MOHET

HE CBSI3aHHBIN (XUMUYECKH),
CBOOOIHBIN
HWCUYEpPIaHHBIN

0oJiee BBICOKAs CTCIICHD
JparoleHHBIN KaMEHb;
0CO3HABATh

BJIa)KHOCTh

MAIATpPa

OarpsHbIH
KOJUICKITHOHEP MIHEPAJIOB
OCyIlIaTh
MOJTYIparoleHHbI A
MIOJIPOBATH

poroBast oOMaHKa
H30JIIPOBAThH
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4.3 CHEMICAL COMPOSITION OF ROCKS

Igneous Rocks
Intrusive and Extrusive Rock Types

Igneous rocks are formed from the solidification of molten rock
material. There are two basic types:

1) intrusive igneous rocks such as diorite, gabbro, granite and
pegmatite that solidify below Earth's surface;

2) extrusive igneous rocks such as andesite, basalt, obsidian, and
peridotite that solidify on or above Earth's surface. Pictures and brief
descriptions with chemical composition of some common igneous rock
types are shown below.

Intrusive Igneous Rocks
Diorite ['daiorit] is a coarse-grained, intrusive ig-

neous rock that contains a mixture of feldspar, py-
roxene, hornblende and quartz Si0, 52-65 %.

Gabbro ['gebrou] is a coarse-grained, dark col-
ored, intrusive igneous rock that contains feldspar
and sometimes olivine and quartz less than 20 %.
This rock is chemically equivalent to basalt.

Granite ['grenit] is a coarse-grained, light col-
ored, intrusive igneous rock that contains mainly
quartz (25-30 %) and feldspar minerals (60-65 %). It
forms from the slow crystallization of magma below
Earth’s surface
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Pegmatite ['pegmetait] is a light-colored, ex-
tremely coarse-grained intrusive igneous rock. It
forms near the field of a magma chamber during the
final phases of magma chamber crystallization. It of-
ten contains different rare minerals. SiO, composition
1s more than 75 %.

Extrusive Igneous Rocks

Andesite ['®ndosalt] is a fine-grained, extru-
sive igneous rock composed mainly of plagioclase
['pleid3ioklois] with other minerals such as horn-
blende, pyroxene and biotite. In a general sense, it is
the rock which consist from silicon dioxide (Si0,) in
ranges from 57 to 63 %

Basalt ['basplt] is a fine-grained, dark-colored
extrusive igneous rock composed mainly of plagio-
clase and pyroxene. By definition, basalt must
be igneous rock with less than 20% quartz (SiO5).

Obsidian [ab’sidian] is a dark-colored volcanic
glass that forms from the very rapid cooling of mol-
ten rock material. It cools so rapidly that crystals do
not form. Obsidian consist from 70-75% SiO, and
MgO, F€304

Peridotite ['peridotait] is a coarse-grained intru-
sive igneous rock that is composed almost entirely of
olivine (Mg, Fe), [Si04] (70-30 %). It may contain
small amounts of feldspar or quartz (30-40 %).
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Metamorphic Rocks
Foliated and Non-Foliated Rock Types

Metamorphic rocks have been modified by heat, pressure and chemical
process usually below Earth's surface. According to these extreme
conditions has different mineralogy, texture and chemical composition of
the rocks.

There are two basic types of metamorphic rocks:

1) foliated metamorphic rocks such as gneiss, phyllite, schist and slate
which have a layered or banded appearance that is produced by heat and
directed pressure;

2) non-foliated metamorphic rocks such as amphibolites, hornfels,
marble and quartzite which do not have a layered or banded appearance.

Foliated metamorphic rocks

Gneiss ['nais] is foliated metamorphic rock that
has a banded appearance and is made up of granular
mineral grains. It typically contains abundant quartz
or feldspar minerals.

Phyllite ['filait] is a foliated metamorphic rock
that is made up mainly of very fine-grained mica.
The surface of phyllite is typically lustrous and
sometimes wrinkled. It is intermediate in grade
between slate and schist.
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Schist [[i:st] is metamorphic rock with well
developed foliation. It often contains significant
amounts of mica which allow the rock to split into
thin pieces. It is a rock of intermediate metamorphic
grade between phyllite and gneiss.

Slate [sleit] is a foliated metamorphic rock that
is formed through the metamorphism of shale. It is a
low grade metamorphic rock that splits into thin
pieces.

Non-foliated metamorphic rocks

Amphibolite [am'fibolait] is a non-foliated
metamorphic rock that forms through recrystalliza-
tion under conditions of high viscosity and directed
pressure. It is composed primarily of amphibole and
plagioclase, usually with very little quartz.

Hornfels [ho:nfls] is a fine-grained nonfoliated
metamorphic rock with no specific composition. It is
produced by contact metamorphism. Hornfels is a
rock that was "baked" while near a heat source such
as a magma chamber.

Marble ['ma:b(9)l] is a non-foliated metamor-
phic rock that is produced from the metamorphism of
limestone. It is composed primarily of calcium car-
bonate.
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Quartzite [kwo:tsit] is a non-foliated meta-
morphic rock that is produced by the metamorphism
of sandstone. It is composed primarily of quartz.

Sedimentary Rocks

Sedimentary rocks are formed by the accumulation of sediments. There
are three basic types of sedimentary rocks:

1) clastic sedimentary rocks such as conglomerate, sandstone, shale
and siltstonethat are formed from mechanical weathering debris;

2) chemical sedimentary rocks such as iron ore, rock salt, dolomite and
flint that form when dissolved materials precipitate from solution;

3) organic sedimentary rocks such as coal, limestone, oil sands and oil
shale which form from the accumulation of plant or animal debris.

Clastic sedimentary rocks

Conglomerate [kon'glbm(o)rit] is a clastic sed-
imentary rock that contains large (greater than two
millimeters in diameter) rounded particles. The space
between the pebbles is generally filled with smaller
particles and/or a chemical cement that bind the rock
together.

Sandstone [s&nd,stovn] is a clastic sedimen-
tary rock made up mainly of sand-size (1/16 to 2 mil-
limeter diameter) weathering debris. Environments
where large amounts of sand can accumulate include
beaches, deserts and deltas.
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Shale [[eil] is a sedimentary rock that is made
up of clay-size (less than 1/256 millimeter in diame-
ter) weathering debris. It typically breaks into thin
flat pieces. Some shales have special properties that
make them important resources. It can be crushed
and mixed with water to produce clays.

Siltstone [silt,stovn] is a clastic sedimentary
rock that forms from size (between 1/256 and 1/16
millimeter diameter) weathering debris.

Iron Ore ['aiond:] is a chemical sedimentary
rock that forms when iron and oxygen (and some-
times other substances) combine in solution and de-
posit as a sediment. Hematite is the most common
sedimentary iron ore mineral.

Rock Salt [rbk so:1t] is a chemical sedimentary
rock that forms from the evaporation of ocean or sa-
line lake waters. It is also known by the mineral
name "halite". It is rarely found at Earth's surface,
except in areas of very arid climate. It is often mined
for use in the chemical industry or for use as a winter
highway treatment.
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Dolomite ['dblomait] is a word that is used by
geologists in two different ways: 1) as the name of
the mineral dolomite; and, 2) as the name of a rock
known as dolomite. Dolomite, also known as “dolo-
stone” and ‘“dolomite rock”, is a sedimentary rock
composed primarily of the mineral dolomite,
CaMg(C02)3.

Flint [fli:t] is a hard, tough chemical or bio-
chemical sedimentary rock that breaks with a con-
choidal fracture. It is a form of microcrystalline
quartz. Flint as a source of fire.

Organic sedimentary rocks

Coal is an organic sedimentary rock that forms
mainly from plant debris. The plant debris usually
accumulates in a swamp environment. Coal is com-
bustible and is often mined for use as a fuel.

Limestone ['laim,stoun] is a rock that is com-
posed primarily of calcium carbonate. It can form
organically from the accumulation of shells, corals,
algals and debris. It can also form chemically from
the precipitation of calcium carbonate from lake or
ocean water. Limestone is used in many ways: pro-
duction of cement, acid neutralization e.t.c.
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Oil Sands [oil s@nds] also known as '"tar
sands" are sedimentary rocks composed of sand, clay
minerals, water and bitumen. The oil is in the form of
bitumen, a very heavy liquid or sticky black solid
with a low melting temperature. Bitumen typically
makes up about 5 to 15% of the deposit.

Oil shale [oil [eil] is commonly defined as a
fine-grained sedimentary rock containing organic
matter that yields substantial amounts of oil and
combustible gas. Some oil-shale deposits contain
minerals and metals that add byproduct value such as
sulfur, ammonium sulfate, vanadium, zinc, copper,
and uranium.
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Questions
1. What types of rocks do you know?

2. What types of igneous rocks do you know and what do you know
about the way they were formed?

3. Give a definition to intrusive and extrusive rocks.

4.  What types of metamorphic rocks do you know and what do you
know about the way they were formed?

5. What types of sedimentary rocks do you know and the way they
were formed?

6. Is coal a rock or a mineral? What is the basic difference between a
rock and a mineral?

7. Please name some of the combustible rocks.
8. Explain what foliated and non foliated rocks are.
9. Which rock looks like a glass?

10. What is another name of hematite?
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solidification
molten
intrusive
extrusive
extremely
foliated
non-foliated
banded
granular
lustrous
wrinkled
schist
significant
split

slate

recrystallization

viscosity
hornfels
baked
marble
quartzite
clastic
dissolved
precipitate
particle
pebbles
bind
sandstone
shale
siltstone

arid
shell
coral
algals
tar

Vocabulary

[soldifi'keiS(e)n]
[mevltn]
[in'tru:siv]
[ik'stru:siv]
[ik'stri:mli]
['foulieitid]
[non,'fovlieitid]
['baendid]
['graenjols]
['lastras]
['rink(9)ld]
[Ji:st]
[sig'ifikont]
[split]

[sleit]
[ri:krist(a)lai'zeif (o)n]
[vis'ksiti]
[ho:nfls]
[beikt]
['ma:b(a)l]
[kwo:tsit]
['klaestik]
[di'zolvd]
[pri'sipiteit]
['pa:tik(9)]]
['peb(a)l]
[baind]
[saend,stovn]
[Seil]

[silt,stovn]

['eerid]
[Sel]
['koral]
[‘eeld3i:]
[ta:]

OTBEpJICHUE
pacIiaBJIeHHBIN
WHTPY3UBHBIN
9KCTPY3UBHBIN
4pE3BBIYANHO

CIIOMCTHIN

HE CIOUCTLIN
MOJIOCAThIN
TpaHyJIUPOBAHHBIIN
OJCCTSAIIMEA, TIISTHIIEBBII
CMOPIICHHBIN, TOMSTHIN
aCHUIHBIN CIIaHeI]
3HAYaIIUHA

packon

acTUAHBIN (TJIMHUCTHIN) claHel]
PEKpUCTAIITU3AIIHS
BSI3KOCTH

POTOBUK

CIICYEHHBIN

Mpamop

KBapIuT

00JIOMOYHBIH
pPacTBOpPEHHBIN

0caJioK, oceaaTh
gacTuIa, Gppakmus
rajbKa

CBSI3BIBATH

MecYaHuK

clIaHell TINIMHUCTHIA
aJIeBPOJIUT, TOHKO3EPHHUCTHIN
MecYaHuK

cyxou

paKymika

Kopajl

BOJIOPOCITH

cMmoda, JeTOTh
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4.4 CHEMICAL COMPOSITION OF FOSSIL FUELS

COAL
Formation

Coal is a fossil fuel. It is a combustible, sedimentary, organic rock,
which is composed mainly of carbon, hydrogen and oxygen. It is formed
from vegetation by the combined effects of pressure and heat over millions
of years to form coal seams.

Coal formation began during the Carboniferous Period — known as the
first coal age — which spanned 360 million to 290 million years ago.

The quality of each coal deposit is determined by temperature and
pressure and by the length of time in formation. Initially the peat is
converted into lignite or ‘brown coal’ — these are coal types with low
organic maturity. In comparison to other coals, lignite is quite soft and its
colour can range from dark black to brown.

Peat — Lignite — Sub-bituminous — Bituminous — Antracite

Over many more millions of years, the continuing effects of
temperature and pressure produces further change in the lignite,
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progressively increasing its organic maturity and transforming it into the
range known as ‘sub-bituminous’ coals.

Further chemical and physical changes occur, until these coals became
harder and blacker, forming the ‘bituminous’ or ‘hard coals’. Under the
right conditions, the progressive increase in the organic maturity can
continue, finally forming anthracite.

Basis of analytical data

Before proceeding to the analysis of the coal, it is important to
understand how the moisture, ash, volatile matter and fixed carbon relate to
one another. It is unfortunately a common problem that analyses are given,
do not indicate on what basis they are presented. Indeed, they are often
listed together on different bases.

Coal analyses may be reported as follows (see table).

Surface moisture
Air-dried moisture
Ash
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4.4 Chemical composition of fossil fuels

The dates are expressed as percentages of coal:

As received (r) — includes total moisture.

Air dried (a) — includes air dried (inherent) moisture only.

Dry (d) — excludes all moisture (beside hydrate).

Dry, ash free (daf) — excludes total moisture and ash content.

Dry, mineral matter free (o) — excludes total moisture and mineral

matter.

Wet, ash-free (af) — excludes ash content.

Components of coal reporting to different bases

Given result

Wanted result of coal

of coal As received Air dried Dry D, el Dry, miner-
1) (@) ) free al-matter-
(daf) free (0)
As received 3 100-W* 100 100 100
(r) 100-W" 100-W* 100-W™—A" | 100-W'-M"
Air dried 100-W* ~ 100 100 100
(a) 100-W* 100-W?* | 100-W*-A? | 100-W*-M?
Dry 100-W* 100-W* B 100 100
(d) 100 100 100-A¢ 100-M¢
Dry, ash-free | 100-W'-A" | 100-W*-A* |  100-A* ~ 100-A*
(daf) 100 100 100 100-M¢
2?1’;;1;;?' 100-W™—M" 1001;[?’ | 100-m¢ 100-M¢
3 . : _
free (o) 100 159 100 100—A'
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W — moisture %; A — ash %; M — mineral matter.

In addition, the following countries have developed equations to
calculate the mineral matter content of their coals.

North America:

M = 1.08-A+0.55-S;

Modified formula: M = 1.13-A+0.47-Spyr+Cl;

United Kingdom:

British Coal Utilization Research Association, BCURA formula:
M = 1.10-A+0.53-S+0.74-C0O,—0.36;

British Coal Association formula:

M = 1.13-A+0.5-Spyr+0.8-CO,—2.8-Sash+2.8-S+0.3-Cl

Chemical analysis

Coal analyses are often reported as proximate analysis or ultimate
analysis.

Proximate analysis is a broad analysis which determines the amount of
moisture, volatile matter, fixed carbon and ash. This is the most
fundamental of all coal analyses and is of great importance in the practical
use of coal.

Ultimate analysis of coal consists of the determination of carbon and
hydrogen as gaseous products of its complete combustion, the
determination of sulphur, oxygen, nitrogen and trace elements.
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Proximate analysis

e Volatile matter, moisture, ash, fixed carbon

Volatile
matter
(VM)

Fixed carbon Ash

(&) (A)

Ultimate Analysis

e (Carbon, hydrogen, nitrogen, sulphur (combustible & total),
oxygen, trace elements

N I H O Trace

Moisture is an important property of coal, as all coals are mined wet.
The terminology used in describing the moisture content of coals can be
confusing and needs to be clarified. The most confusing term is inherent
moisture, which has many different definitions and should be avoided if at
all possible. If used in any tests it is necessary to ascertain the exact
definition.

The coal industry has therefore developed a set of empirically
determined definitions as follows:

1. Surface moisture. This is adventitious moisture which can be
removed by low temperature air drying (40°C). This drying step is usually
the first in any analysis and the moisture remaining after this step is known
as air-dried moisture.
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2. Total moisture. This is all the moisture which can be removed by
aggressive drying (150°C in vacuum or nitrogen atmosphere).

3. Air dried moisture. This is the moisture remaining after air drying
and which can be removed by aggressive drying.

High moisture is undesirable in coals as it is chemically inert and
absorbs heat during combustion. It lowers the calorific value in steam coals
and lowers the amount of carbon in coking coals.

Ash of coal is that inorganic residue that remains after combustion. It
should be remembered that the determined ash content is not equivalent to
the mineral matter content of the coal. An analysis of coal ash may also be
carried out to determine not only the composition of coal ash, but also to
determine the levels at which trace elements occur in ash.

In a steam coal, high ash content will effectively reduce its calorific
value. Recommended maximum ash content for steam coals for use as
pulverized fuels are around 20% (a), but for some stoker-fired boilers,
much lower value are desirable. In coking coals, a maximum of 10-20% (a)
is recommended, as higher ash reduce the efficiency in the blast furnace.

Volatile matter represents that component of the coal except for
moisture that is liberated at high temperature in the absence of air. This is
usually a mixture of short and long chain hydrocarbons, aromatic
hydrocarbons and some sulfur. Volatile matters usually subdivide into
volatile mineral matter and volatile organic matter.

For electricity generation, most boilers are designed for a minimum
volatile matter of 20-25% (daf). For electricity generation, the volatile
matter limits recommended are 25-40% (daf). There is virtually no limit for
the volatile matter for coals used in the production of cement. In coke
production, high volatile matter content will give a lower coke yield so that
the best quality coking coals have a volatile matter 20-35% (a).

Fixed carbon content of the coal is the carbon found in the material
which is left after volatile materials are driven off. This differs from the
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ultimate carbon content of the coal because some carbon is lost in
hydrocarbons with the volatiles. Fixed carbon is used as an estimate of the
amount of coke that will be yielded from a sample of coal. Fixed carbon is
determined by removing the mass of volatiles from the original mass of the
coal sample.

Nitrogen content of coal made influence to atmospheric pollution.
Upon combustion of the coal, nitrogen helps to form oxides and pollute the
atmosphere; as a result, coals which are low in nitrogen are preferred in
industry.

Coal should not as a rule have nitrogen contents of more than 1.5-2.0%
(daf) because of the NOy emission.

Oxygen is a component of many of the organic and inorganic
compounds in coal as well as the moisture content.

It should be remembered that oxygen is an important indicator of rank
in coal.

Oxygen is traditionally determined by subtracting the amount of the
other elements, carbon, hydrogen, nitrogen and sulphur from 100%,

Sulphur content of coals presents problems with utilization and
resultant pollution. Sulphur causes corrosion and atmospheric pollution.

Sulphur can be present in three forms:
1. Organic sulphur, present in the organic compounds of the coal.

2. Pyritic sulphur, present as sulphide minerals in the coal, principally
iron pyrite.

3. Sulphate minerals, usually hydrous iron or calcium sulphate.

The total sulphur content in steam coals used for electricity generation
should not exceed 0.8-1.0% (a). In the cement industry, a total sulphur
content of up to 2.0% (a) is acceptable but a maximum of 0.8% (a) is
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required in coking coals, because higher values affect the quality of steel.

Coal rank

The degree of change of coal from peat to anthracite — known as
coalification that has an important physical and chemical properties and is
referred to as the ‘rank’ of the coal. Low rank coals, such as lignite and
subbituminous coals are typically softer. They are characterised by high
moisture levels and low carbon content, and therefore a low energy content.
Higher rank coals are generally harder and stronger and often have a black,
vitreous lustre. They contain more carbon, have lower moisture content,
and produce more energy. Anthracite is at the top of the rank scale and has
a correspondingly higher carbon and energy content and a lower level of
moisture (see diagrams).
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Mineralogy

Geologists also classify coal types according to the organic debris,
called maceralsl, from which the coal is formed. Macerals are identified
(microscopically) by reflected light — the reflective or translucent properties
of the coal indicating the individual component macerals and the way they
have combined to form the coal.

Coal are typified as either humic® or sapropelic’. Humic coals are
divided into the lithological types: vitrain, clarain, durain and fusian, which
differ in their maceral content, texture and fracture characteristics.
Sapropelic coals are typically fine-grained. They include types known as
cannel coal and boghead coal. The composition of the mineral content of
coal varies; however 60 to 80 per cent of the total mineral content is usually
made up of clay minerals (commonly kaolin). Other significant constituents
may include; iron disulphide (pyrite), calcium sulphate (gypsum), calcium
carbonate (calcite) and sodium chloride (halite).

1 The basic organic constituent of coal made up of the remains of dehydrogenate plant material
2 Predominantly composed of the woody remains of mixed plant debris

3 Predominantly composed of the wax-rich remains of plant spores and algae

OIL

Crude oil — 1s a naturally occurring flammable liquid consisting of a
complex mixture of hydrocarbons of various molecular weights and other
liquid organic compounds that are found in geologic formations under the
Earth's surface.

A fossil fuel is formed from large quantities of dead organisms. The
chemical composition varies widely depending where and how the
petroleum was formed. In fact, a chemical analysis can be used for
determination of the source of the petroleum.
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Elemental Composition

Although there is considerable variation between the ratios of organic
molecules, the elemental composition of petroleum is well-defined:

e (Carbon — 83 to 87%;
e Hydrogen — 10 to 14%;
e Nitrogen — 0,1 to 2%;
e Oxygen — 0,05 to 1,5%;
e Sulfur — 0,05 to 6,0%;
e Metals —<0,1%.
The most common metals are vanadium, iron, nickel and copper.
Hydrocarbons in Crude Oil
There are four main types of hydrocarbons found in crude oil.
e Paraffins C Hyu4o (15-60%);
e Naphthenes C,Hyy,; (30-60%);
e Aromatics C,Hjn6 (3-30%);
e Asphaltics (remainder).

Paraffin is a waxy substance made up of a mixture of alkanes with a
total number of carbon atoms between 20 and 40.

Naphthenes are a class of hydrocarbons received from petroleum.
Naphthenes have the general formula CnHjn.

An aromatic compound is an organic molecule containing a benzene
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ring.

Asphaltic is a term which refers to asphalts, a class of solid to semi-
solid hydrocarbons from petroleum.

NATURAL GAS

Natural gas is a naturally occurring hydrocarbon gas mixture consisting
primarily of methane, but commonly includes varying amounts of other
higher alkenes and even a lesser percentage of carbon dioxide, nitrogen,
and hydrogen sulfide. Natural gas is an energy source often used for
heating, coking, and electricity generation. It is also used as fuel for
vehicles and as a chemical feedstock in the manufacture of plastics and
other commercially important organic chemicals.

Chemical composition

Formula Volume, % LHV, MJ/kg
Methane
'mi:Oein] CH4 70 —-90 50,1
Ethane ['efe1n] C,Hg¢ 48,0
Propane C3Hj 0-20 47.5
['provpein]
Butane [bju:tein] CaHyg 45,8
Carbon Dioxide CO, 0-8 incombustible
Hydrogen sul-
fide H,S 0-5 17,4
Hydrogen H, 0-5 120,9
Nitrogen N, 0-5 incombustible
Oxygen 0)) 0-0,2 incombustible
Rare gases A, He, Ne, Xe traces incombustibles
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Natural gas is found in deep underground natural rock formations or
associated with other hydrocarbon reservoirs in coal beds. Petroleum is also
another resource found with natural gas.

Classification

1) Sour natural gas and sweet natural gas:
e (Contains sour components in problematic concentration;
e (Carbon dioxide: tolerable until 2 vol.-%;

e Hydrogen sulfide: highly toxic, corrosion, only trace tolerable
(ppm);

2) Dry natural gas and wet natural gas:
e Dry natural gas (predominantly methane);

e Wet natural gas (in addition to methane, the gas contains
compounds like ethane and butane);

3) “H” and “L” natural gas:

e LHV of “H” natural gas between 46 and 53 MJ/m’;

e LHV of “L” natural gas between 39 and 46 MJ/m’;
4) Special natural gases;

e Amount of inert gas: more than 3 — 5 vol.-%.
Associated petroleum gas (APG)

Definition;
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Types:

By-product from the petroleum extraction industry;
Occurrence: directly above oil field or diluted in oil;
Gas factor between 3 and 250 m>/t of crude oil;

Composed of methane, propane, ethane, butane, smaller amount
of CO, H,S (different quality);

Composition depends on crude oil composition, geological
formation and kind oil field;

APG with high amount of hydrocarbons (95-100 vol.-%);
Hydrocarbon-APG with CO; (4-20 vol.-%);
Hydrocarbon-APG with N, (3-15 vol.-%);

Hydrocarbon-nitrogen APG (up to 50 vol.-% N»).
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Questions
Questions
1. Give a definition of coal.
2. What is surface, air dried and total moisture?
3. Name the basis of analytical data.
4.  What is the difference between proximate and ultimate analysis?
5. Name basic chemical elements of coal.
6.  What coalification means?
7. What are the differences between steam coal and coking coal?
8. What is the equivalent of forge coal in UN-ECE, USA and UK
coal industry?
9. Does the calorific value increase when volatile matter decreases?
10. Name basic chemical elements of crude oil.
11.  Name basic chemical elements of natural gas.
12. What do LHV and APG mean?
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vegetation
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dry
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property
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absorb

steam coal
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trace

pulverized fuels
stoker-fired boilers

blast furnace
liberate
chain hydrocarbons
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5.1 METHODS OF MINING

The minerals are mined by the following methods:

surface or 'opencast' mining;

underground or 'deep' mining;

in-situ leaching;

borehole underground coal gasification (BUCGQG);
sea deep mining.

The choice of mining method is largely determined by the geology of
the coal deposit. Anyway, underground mining currently accounts for a
bigger share of world coal production than opencast; although in several
important coal producing countries surface mining is more common. For
example, surface mining accounts for around 80% of production in
Australia; while in the USA it is used for about 67% of production.

Surface Mining

Surface mining - also known as
opencast or opencut mining - is only
economic when the coal seam is
near the surface. This method
recovers a higher proportion of the
coal deposit than underground
mining as all coal seams are
exploited - 90% or more of the coal
can be recovered.

Large opencast mines can cover an area of many square kilometers and
use very large pieces of equipment, including: draglines, which remove the
overburden; power shovels, large trucks, which transport overburden and
coal; bucket wheel excavators, conveyors. . In open pit mine up to 90-95%
of the ore body can be removed.
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The overburden of soil and rock is first broken up by explosives; it is
then removed by draglines or by shovel and truck. Once the coal seam is
exposed, it is drilled, fractured and systematically mined, the coal is loaded
on to large trucks or conveyors for transport to either the coal preparation
plant or direct to where it will be used.

Underground Mining

Under certain circumstances surface mining can become prohibitively
expensive and underground mining may be considered. A major factor in
the decision to operate by means of underground mining rather than surface
mining is the number of units of waste material in a surface mine that must
be removed in order to extract one unit of ore. Once this ratio becomes
large, surface mining is no longer attractive. The objective of underground
mining is to extract the mineral below the surface of the earth safely,
economically, and with the removal of as little waste as possible

Underground  oiginal fand _ ~ Surface Mining
Mining Methods  surface _ Dragline removing Methods
; S~ " s __Mmountain top

=, Bulldozer along
. contour bench

In underground mining generally more mineral has to be left behind as
it 1s used fo support the mine roof. The entry from the surface to an
underground mine may be through an adit, or horizontal tunnel, a shaft or a
declined shaft. A typical underground mine has a number of roughly
horizontal levels at various depths below the surface and they spread out
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from the access to the surface. Ore is mined in stopes, or rooms. Material
left in place to support the ceiling is called a pillar and can sometimes be
recovered afterward. A vertical internal connection between two levels of a
mine is called a winze if it was made by driving downward and a raise if it
was made by driving upward.

A modern underground mine is a highly mechanized operation
requiring little work with pick and shovel. Rubber-tired vehicles, rail
haulage and multiple drill units are commonplace. In order to protect
miners and their equipment much attention is paid to mine safety. Mine
ventilation provides fresh air underground and at the same time removes
noxious gases as well as dangerous dusts that might cause lung disease, e.g.
silicosis. Roof support is accomplished with timber, concrete or steel
supports or, most commonly, with reof bolts, which are long steel rods used
to bind the exposed roof surface to the rock behind it.

Shafts, which are generally vertical, but may be inclined depending on
the orientation of the mineral, can be distinguished from adits and tunnels,
which are horizontal. Shafts and adits are the main access routes through
which men, supplies, ore and waste are transported. They are the chief
service openings during the development and operation of a mine, and
provide space for compressed-air pipes or electric cables. By law at least
two access points to the ore body are required for adequate ventilation and
safety concerns.

In-situ leaching

(ISL), also called in-situ recovery (ISR) or solution mining, is
a mining process used to recover minerals such  as copper
and uranium through boreholes drilled into a deposit.

The process initially involves drilling of holes into the ore deposit.
Explosive or hydraulic fracturing may be used to create open pathways in
the deposit for solution zo penetrate. In-situ leach mining involves pumping
of a leaching solution into the ore body via a borehole, which circulates
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through the porous rock
dissolving the ore and is
extracted via a second borehole. g N | EERg—

The solution bearing the
dissolved ore content is then
pumped to the surface and
processed. This process allows
the extraction of metals and
salts from an ore body without

the need for
conventional mining involving
drill-and-blast, open-cut s

or underground mining.

Underground Coal Gasification (UCG) is the gasification of coal in-
situ, which is achieved by drilling boreholes into the coal and injecting
water/air or water/oxygen mixtures. It is both an extraction process (like
coal mining) and a conversion process (gasification) in one step producing
a high quality, affordable synthetic gas that can be processed to provide
fuels for power generation, diesel fuels, jet fuels, hydrogen, fertilisers and
chemical feedstock.

The technique offers many
financial and social benefits
over traditional  extraction
methods, most notably lower
emissions, as no coal is brought
to the surface and the gas can be
processed to remove its CO,
content. It can be used for
heating, power  generation,
hydrogen production, or the
manufacturer of key liquid fuels
such as diesel fuel or methanol.

Proponents of UCG cite the carbon capture and storage prospects of
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UCG, in which the resulting CO, would be pumped back into the cavity left
underground after burning the coal.

Financial Benefits

Capital and operating costs are lower than in traditional mining;
Reduced cost of plant installation - No Surface Gasifier;

Syngas can be piped directly to the end-user, reducing the need
for rail / road infrastructure.

Environmental Benefits

Ocean

UCG may not require an external water source to operate, a
major environmental advantage over water-intensive coal
mining operations;

Lower emissions, because gasification in UCG is underground
thereby reducing environmental management costs;

Lower fugitive dust, noise, visual impact on the surface;

Low risk of surface water pollution;

Reduced methane emissions - coal seam gas is recovered in the
process, rather than lost in the atmosphere as in most
conventional mining;

No coal washing and fines disposal at mine sites.

potential

Rich metallic sulfide deposits on the seabed form when super-
heated water from volcanic hydrothermal vents reacts with
rock;

350 vent fields have been found so far. Mining companies
Nautilus and Neptune are exploring the possibility of
extraction;

Vent sites are biodiverse areas of fascination to marine
scientists;

The United Nations plans to regulate prospecting and
exploration in international waters.
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Some of the minerals like metalliferous
oxides and metalliferous sulfides occur in
the deep ocean. Metalliferous oxides
contain manganese, copper, nickel and
cobalt. Metalliferous sulfides contain
copper, lead, zinc, chromium and gold.

Despite the rather dismal mineral
market conditions, we will become more
dependent on the oceans as a mineral
resource reservoir in the future.

A plume of hot water and minerals venting through the seabed to form

a 'black smoker'

A hydrothermal vent is

Farmation of black smoker

a fissure in a planet's surface from
which geothermally
heated water issues. This water is
rich in dissolved minerals from the
crust, most notably sulfides. When
it comes 1n contact with cold ocean
water, many minerals precipitate,
forming a black chimney-like
structure around each vent. The
metal sulfides that are deposited
can become massive sulfide ore
deposits in  time. Hydrothermal g
vents are commonly found

apart, ocean basins, and hotspots.

Extraction methods of sea deep mining

fas | ]

near volcanically active places, areas where tectonic plates are moving

Recent technological advancements have given rise to the use remotely
operated vehicles (ROVs) to collect mineral samples from prospective mine
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sites. Using drills and other cutting
tools, the ROVs obtain samples to be
analyzed for precious materials. Once
a site has been located, a mining ship
or station is set up to mine the area.

Hydraulic suction mining lowers
a pipe to the seafloor which transfers
nodules up to the mining ship. Another
pipe from the ship to the seafloor returns the tailings to the area of the
mining site.

Questions:

1.How many methods of mining do you know? Name them.
2. What factors influence the choice of mining?

3. What is surface mining? What equipment does it involve?

4. What is underground mining? What is its difference from surface
mining?

5. What is used to support mine roof underground?
6. What equipment is used to transport coal and rock underground?

7. When is in-situ leaching is used? What minerals are extracted using
this technology?

8. What 1s BUCG used for? What benefits does it have?

9. How can we use ocean potential? How do minerals form at the
ocean’s bottom?
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in-situ leaching

borehole underground coal

gasification

sea deep mining
dragline
overburden
power shovel

bucket wheel excavator

soil
fracture
prohibitively

attractive
support

mine roof
adit

shaft

declined shaft
stope

room
pillar

winze

raise

pick and shovel

rail haulage

drill units

noxious gases
silicosis

timber

roof support
concrete

roof bolt

rod

to bind
compressed-air pipes
electric cables
solution mining
hydraulic fracturing
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rITyOOKOBOAHAS TOOBIYA
JipariiaiiH, KaHaTHBINA
BCKpBIIIIa
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POTOPHBIN IKCKABATOP
moYBa
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3aMPEeIIAONINH, TPETsIT-
CTBYIOIIUN
MIPUBIICKATENHHBIN
MOJIIEPIKUBATH (KPETIbIO)
KpOBIISI BEIPAOOTKH
MITOJBHS

CTBOJ

HaKJIOHHBIN CTBOJ
OYHCTHAs BBIPaOOTKa,
OYHCTHOM 32060

KaMmepa

HEJTHUK

Te3CHK
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CBA3BIBATH

TPYOBI € C)KaThIM BO3yXOM
AEKTPUYECKUH Kabesb
n00bIYa pacTBOPEHUEM
TUIPOPA3PhIB
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drill-and-blast
injection
conversion
power generation

jet fuel
benefit
notably
cavity

capital cost
operating cost
reduced
fugitive dust
visual impact
fascination

fines disposal
biodiverse

metalliferous
hydrothermal vent

fissure
hotspot
ROV

nodule

[dril ond bla:st]
[m'dzekfon]
[kon'varzon]

[ peor dzens'rerfon]

['dzet "fju:l]

['bena fit]

[ 'noutabli:]
['kaevati:]

[ 'keepotal "kost]
['apa, rertiy "kost]
[r1' du:st]

[ fju:dzotv "dost]
['vizowal im'paekt]
[ feeso'nerfon]

[ famnz di'spouzal]
[biodiverse]

[ metal'1fros]
[ hardra'Garmal ‘vent]

[ fifor]
[ hot.spot]
[row]

[ 'nadzu:1]

OypOB3pBIBHBIC PAOOTEI
BBOJI, UHBEKIIUS

nepexo/i, MpeBpalieHue
BEIpa0OTKa (ITPOU3BOICTBO)
SHEPTHH

PEaKTUBHOE TOTLIIMBO
BBIT0J1a, MPUOBLIH, MOJTH3a
HCKJIIOYUTEIBLHO, 0COOEHHO
MOJIOCTh

KaluTalbHas CTOMMOCTD
CTOUMOCTbD IKCILTyaTal[|H
YMEHBIIECHHBII
BBIXOJISIIIHE Ta3bl
BHU3YQJIbHBINA YPOH
o4yapoBaHHe, IPUBJICKa-
TEIBHOCTh

JTUKBUIAINA MEJIKUX Ppak-
805051
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ropsgasi Touka
TeJeyIpaBJsIeMbIH TOIBO-
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KOHKpEIIUs, TaTbKa, y3eI0K
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5.2 COMPONENTS OF MINING PRODUCTION

Increase of mineral resources demands contributes to development of
mining sectors. Mineral resources reflect specific form of accumulation in
lithosphere of mineral matters that are the sources of energy, materials,
chemical elements and compounds, that meet technical possibilities and
profitability of the gain, processing and usage.

Mineral raw materials is the subject of labour (ore, coal, oil, gas,
minerals, stones) for other industry sectors and requires following
processing in order to extract useful components located in it.

Remnants of mineral matters during processing and enrichment create
mining wastes.

Terminology

Mine field (ore field) is part of a deposit at which a mining enterprise
extracts minerals.

Mine allotment (mine take) is an area of a surface allocated for
agricultural needs and is given to a mining enterprise.
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Mining sector — basic source of fuel, raw material for ferrous and non-
ferrous industry, chemical industry, fertilizers, building materials for
buildings and roads.

Mining industry — complex of sectors engaged in prospecting of
minerals, their extraction and initial processing — enrichment. Its basic
groups are: oil, gas, fuel (coal, peat), ore, non-metallic minerals, local
building materials, mining-chemical and hydromineral sectors.

Method of mining production — method of minerals extraction with
unification of production forces and relationships.

Extraction of minerals — processes of extraction of solid, liquid and
gaseous minerals from Earth’s interior with help of technical means.

Mining enterprise — technically and organizationally separated
complex of means and resources for minerals extraction, building and
exploitation of the objects with use of mining technologies (mines, open-
cuts, quarries, processing plants and so on)

Mining — branch of science and technique that embraces complex of
processes focused on extraction of minerals and their original processing.

Mining operations - complex of operations directed to drivage,
support and maintenance of the mine workings and extraction of rocks
under conditions of natural balance disturbance, possibility of dangerous
and harmful factors manifestation.
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Dump — pile that is made up of residue from mining operations.

Maintenance shop - work =~
area  where  machinery is
maintained and repaired.

Maritime transport — means
of transport that uses barges to
transport coal over water.

Hoist room — area that houses the hoist (cylinder) on which the
hoisting cables are wound; it controls movement of the elevators and skip
hoists in the shaft.

Winding tower — building that houses the shaft’s hoisting equipment
(including motors and hoisting cables); it provides communication between
the surface and the mine galleries.
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Conveyor — materials-handling device that consists of a conveyor belt
(sturdy belt on rollers); it is used to carry coal to the treatment plant.

Treatment plant — place where all processing activities (including
crushing and washing) are carried out to prepare the coal for market.

Miners’ changing-room — area with sanitary facilities (showers,
toilets) where miners can go mainly to change their clothes.

Loading bunker — reservoir where
processed coal is stored before being loaded
onto freight cars to be transported by rail to
the power plant.

Main fan — Device that ensures air
exchange in the mine; air is drawn through
one shaft and exits through another.

Frosh pir for snres

= Hﬂ!-ﬂ finr




5.2 Components of mining production

237

Coal preparation plant

A coal preparation plant (CPP) is a facility that washes coal of soil and
rock, preparing it for transport to market. A CPP may also be called a "coal
handling and preparation plant", "prep plant," "tipple," or "wash plant".

Use of coal in the world

Coal has four major markets: electric utilities, industrial/retail users,
the steel industry and exports.

In an electric power plant, coal, like oil and natural gas, is burned to
produce heat. The heat is used to change water into steam. The steam then
turns the blades of a turbine, spinning the generator, producing electricity.
Before the coal is burned it is crushed and pulverized to the consistency of
face powder.

Coal's second largest market is industrial and retail users. Among the
industries using coal, the largest consumers are chemical manufacturers,
users of stone, clay and glass, paper mills, primary metal industries and the
food industry. Industry uses coal as a chemical feedstock to make dyes,
insecticides, fertilizers, explosives, synthetic fibers, food preservatives,
ammonia, synthetic rubber, fingernail polish, medicines, etc.
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The third largest market is the iron and steel industry, where coal is
used to be made into coke. Coke is derived from bituminous coal through
heating in airtight ovens. The lack of air prevents the coal from burning and

Chapter §

converts some of the solids to gases leaving coke.

The fourth market segment is exports. The top five foreign markets are

Canada, Japan, Italy, Netherlands and Brazil.

Questions:

1. What is mining industry?

2. What is mining sector?

3. Name methods of mineral extraction?

4. What are the main facilities of a mine?

5. Coal preparation plant — what does it serve for?

How does the world use coal?
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mineral matters
gain
mineral raw materials

mining wastes

mining sector

mining industry
mining production
method of mining pro-
duction

extraction of minerals

mining enterprise
mining

mining operations
underground mining
surface mining

hard coal, black coal
brown coal

ferrous and non-ferrous
metals

gas hydrate

heavy oil
maintenance shop

main fan

treatment plant
headframe

miner’s changing room
hoist room

loading bunker

shaft

galleries

electric utilities

electric power plant
blades of a turbine
chemical manufacturers
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paper mills
dyes
insecticides
fertilizers
explosives
bituminous coal
airtight ovens
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repMETHYHBIC [TeYH



5.3 Mine workings

241

5.3 MINE WORKINGS

Mine working (excavation, driftage, mine roadway, drivage, entry,
opening, road, tunnel, heading) — artificially made cavity in Earth’s crust
that are formed due to mining operations and is used for deposits mining.

A mine working is restricted by the surfaces: top — roof, lower —
bottom, side — sides of the opening.

Face (advance heading, mine face, breast, working face, bottomhole —
ckBaknHbI) — surface that restricting mine working and moving as a result
of mining operations.

Face in rocks is called drifting face
Face in a mineral is called stoping face (longwall face, face).

Part of a working’s area adjacent to a face is called face space (face
area).

Depending on deep angle, there are horizontal, inclined and vertical
openings.

Horizontal openings

Adit — horizontal or inclined opening that has an exit to the surface and
usually 1s designed for extraction of minerals or service of mine workings.
Adit is a basic main opening (Bck. BeIpaboTka) for deposits mining in
mountainous areas.

Drift (drive, road, roadway, coal heading, entry, gateway, gateroad,
head) — underground mine working that does not have direct exit to the
surface and serves for ventilation and transportation.
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Cross-cut (cross-entry, crossdrift, crossway, cross gallery, cross-
tunnel) - permanent working that does not have a direct exit to the surface
and is driven along a host rock (more often perpendicular) to the ore body.
It is designed for a mineral opening, transportation, also for people
movement, ventilation, water sewage.

Gain — opr (cross drift, ort, breakthrough, cross adit) — horizontal mine
working that does not have a direct exit to the surface and driven to the roof
or to the bottom of a seam or from the roof to the bottom. It is designed for
accumulation and transportation of extracted minerals to the main transport
working.

Vertical openings

Shaft — vertical main working that has direct exit on the surface and is
designed for servicing of underground mining operations. Shafts are used
for lowering and hoisting up the minerals, rock, materials, equipment,
people and ventilation of the mine. Depending on the main purpose, mine
shafts are divided into main and auxiliary. Main shaft is used for lifting the
minerals to the surface. Auxiliary shaft — for lifting of the people,
ventilation (incoming air stream).

Top part of the shaft that exits on the surface is called a collar. Lowest
part of the shaft is called sump (sunk basin, dibhole). Diameter of the shafts
reaches 9 meters, depth — 3-3.5 meters (the world’s deepest mine in 3.9 km
long — in South Africa).

Pit-hole (delve, exploratory shaft, prospecting shaft) — wvertical
(sometimes inclined) working that is driven from the surface for
exploration of minerals, ventilation, dewatering (pumping), materials
transportation, lifting of people and for other purposes.

Blind shaft (way shaft, dummy shaft) - vertical mine working that
does not have exit to the surface and is designed for transportation of
minerals, people, loads from underlying levels to the above situated ones,
also for ventilation.
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Winze — underground vertical or inclined mine working that does not
have a direct exit to the surface. It connects different levels in a mine. It is
used for transportation of the mineral to the underlying level by its gravity
weight, ventilation. Usually it is equipped with a stair case.

Inclined workings

Incline (ramp, dipping drift, sloping tunnel) — inclined underground
mine working that does not have a direct exit to the surface, driven
downdip of a mineral. During mineral extraction is used for lifting of the
loads from lower to upper level.

Inclined winze (drift) — (6pemc6epr), (dukeway, rope incline, gravity
incline, brake incline — underground inclined mine working that does not
have a direct exit to the surface, as a rule is driven along the seam (along
deep line) and serves for lowering of minerals in mine trolleys from
overlying to underlying levels. If a gravity incline is driven along the rock it
is called rock incline (mmoneBoit).

Raise — an opening that does not have an exit to the surface and driven
bottom-upwards at any angle.

Inclined shaft — an inclined underground mine working that has a
direct exit to the surface and has the same purposes as the vertical shatft.
Usually it is driven along a seam, rarely along a rock.

Usually equipped with rails, conveyors (depending on the incline
angle), cable hoist.

Drop, chute, ramp, millhole, downward slope, descent (ckat), — an
inclined underground mine working that does not have a direct exit on the
surface, driven along a seam or rock and designed for transportation of a
mineral by its own weight.
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Manway (pass, traveling way) — mine working driven parallel to an
inclined winze (6pemc6epr) or to an incline and used for people movement
and transportation of loads, ventilation. Depending on its purpose, there are
people and freight manways.

Rise entry, set-up entry, raise — an inclined underground mine working
driven along a seam and designed for coal, freight transportation,
ventilation, people movement.

Rise entry driven along a mineral between haulage and ventilation
(air) drifts for a longwall development is called face entry (paspesnas

neyn).

Other mine workings

Longwall (long face) — underground mine working of a significant
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length (up to hundreds of meters), one side of which is formed by a coal
massif (longwall face) and the other one — by a backfill and caved rock of a
goaf. It has exits on haulage and air drifts.

Borehole — mine working of a circular shape, drilled from the surface
or from an underground working without access of a man to the face, with
diameter not bigger than 2 meters.

Cross slit (connection) — underground mine working (horizontal or
inclined), that connects two adjacent workings, for example, drifts.

Chamber (room, stall) — mine working that is not very long (compared
to its cross-section) and is designed for equipment and materials placement.

Shaft bottom (pit bottom) — aggregate of openings serving for
connection of the shaft with all the rest mine workings and for placement of
some mine facilities (water sewage system, power substations, electric
locomotive garage, storage of fire-prevention tools).

Level: All of the horizontal openings which connect to a shaft at a
specific point

Ramp: An inclined rubber wheeled access opening between horizontal
openings at different elevations.

Sub-Level: A set of horizontal openings immediately above the main
horizontal access openings.

Sump: An excavation for the purpose of collecting water so that it may
be transferred to a pump. This often is the bottom most portion of a shaft.
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1 — Adit; 2 — Crosscut; 3 — Crossdrift; 4 — Drift; 5 — Gain; 6 — Incline Brake slope; 7 —
Crossheading; 8 — Cundy; 9 — Incline shaft; 10 — Slope; 11 — Stenton; 12 — Airshaft;
13 — Blind pit; 14 — Prospect hole (shaft); 15 — Shaft; 16 — Winze

Fig. 5.1 Scheme of underground mine workings location
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Questions

Fill in the gaps in the picture

1.
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adit

crosscut
crossdrift
drift

gain

brake slope
crossheading
cundy
incline shaft
ramp

slope
stenton
entry
airshaft
blind pit
prospect hole (shaft)
raise

shaft

winze
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5.4 MINERAL PROSPECTING AND EXPLORING,
EVALUATION OF THE DEPOSITS

Introduction

Mineral explorat ion is the process undertaken by companies in the
endeavor of finding ore (commercially viable concentrations of minerals) to
mine.

Objectives

The principal objective of
mineral exploration is to find
an economic mineral deposit
that will appreciably increase
the value of the company’s
stock on a continuing basis.

The exploration program should be designed to find and acquire a
maximum number of acceptable mineral deposits at a minimum cost and
within a minimum time period.

Area selection

Area selection is a crucial step in professional mineral exploration.
Selection of the best, most prospective, area in a mineral field, geological
region or terrain will assist in making it not only possible to find ore
deposits, but to find them easily, cheaply and quickly.

Area selection is based on applying the theories behind ore genesis, the
knowledge of known ore occurrences and the method of their formation, to
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known geological regions via the study of geological maps, to determine
potential areas where the particular class of ore deposit being sought may
exist.

Area selection is also influenced by the commodity being sought.

Often a company wishing to enter mineral exploration may conduct
market research to determine, if a resource in a particular commodity is
found, whether or not the resource will be worth mining based on projected
commodity prices and demand growth.

Methods of exploration
Geophysical methods

The most effective and widespread method of gathering geophysical
data is via flying airborne geophysics.

The basic concept remaining the same: collecting data from equipment
aboard a low flying 80m above ground aircratft.

Geiger counters are used to
determine the amount of
radioactivity.

Airborne  magnetometers are
used to search for magnetic
anomalies in the Earth's magnetic
field.

Ground-based geophysical prospecting in the target selection stage is
more limited, due to the time and cost. The most widespread use of ground-
based geophysics is electromagnetic geophysics which detects conductive
minerals such as sulfide minerals within more resistive host rocks.
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Remote sensing

Aerial photography gives the explorer orientation information -
location of tracks, roads, fences, habitation etc. Aerial photography was
first used post World War II and was adopted in the 1960s onwards.

Geochemical methods

Involve studying of chemical elements’ distribution in Earth’s crust.
Special attention is paid to detection of increased and decreased
concentrations of separate chemical elements and boundaries that have
abrupt differences of these concentrations.

Once the geochemical analyses are returned, the data is investigated for
anomalies (single or multiple elements) that may be related to the presence
of mineralisation.

The presence of some chemical elements may indicate the presence of
a certain mineral. Chemical analysis of rocks and plants may indicate the
presence of an underground deposit.

Geological Methods

Geological maps provide
exploration agencies or companies
with regional geological and
geophysical information so that
target areas that are considered to
have a better prospect in terms of
mineral deposits may be identified.

Geological methods rely on the identification of rocks and minerals
and an understanding of the environment in which they formed. These
surveys aim to find what rock types occur at or close to the surface and how
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these rock types are related to each other i.e. their boundaries, ages, and
structure.

Drilling

Drilling is used to obtain very
detailed information about rock
types, mineral content, rock fabric
and the relationships between rock
layers close to the surface and at
depth.

Applicability

Investigators can drill into only the uppermost crust, and the high cost
of drilling severely limits the number of holes that can be dug. In recent
years data returned by Earth satellites have led to several notable
discoveries. The main methods of mineral exploration and their
applicability (whether surface or subsurface) are listed hereunder:
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METHOD APPLICABILITY

Geological Mapping Surface (sometimes in
underground mines also)

Remote sensing Surface

Geophysical methods Surface

a)  Gravity Surface

b)  Magnetic

Surface and subsurface

c) Electrical and
Electromagnetic

Surface and subsurface

d)  Seismic

Surface and subsurface

e) Radiometric

Surface and subsurface

Geochemical

Surface and subsurface

Drilling

Subsurface

1 — layers of loose sediments; 2 — limestone; 3 - ore deposit; 4 — granites;

5 — exploring channels; 6 — exploring boreholes

Fig. 5.2 Scheme of mineral exploration
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Questions

1. What is mineral exploration and what is its purpose?
2. Why is area selection so important?

3. Name all the methods of exploration?

4. Describe the geophysical method of exploration.

5. What is remote sensing?

6. Describe geochemical method?

7. What is geological method used for?

8. What is drilling used for?
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development
sinking of shaft
drainage

metallic ores
blasting

loading
transportation
hoisting

power transmission
pumping

storage

air contaminants
flooding

explosion
convenience
stability
assembled
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to gain
underground mining
strength

wall rock
exploitation

aerial photography
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5.5 DEVELOPMENT MINING

Development of underground mine consists of three main stages: the
opening, preparation and extraction of ore. During the construction of the
mine, these steps are performed sequentially, and after the introduction of
the mine in operation - in parallel.

The autopsy reveals the deposit is being workings; their conduct is
called the mining works. The scheme of the autopsy should provide a
rational execution of the following operations:

e The rise of ores and rocks;
e Launching and recovery of people and equipment;

e Descent of materials and supply a bookmark (if applicable
system development with mined-out space);

e Ventilation, water drainage, power supply and other mine.

It reveals the workings include vertical and inclined shafts, adits,
crosscuts, pit bottom, capital ore passes, the main drifts connecting
revealing production; pits; and ramps serving the main horizons, etc.

Revealing production by position relative to the surface are divided
into two groups:

e Basic (have direct access to the surface - vertical and inclined
trunks for any purpose, galleries);

e Underground (have no direct access to the surface).
By function revealing production are divided into:

e The main serving for transport and lifting of ore;
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e Auxiliary (all other output).

Funds are also revealing a group of additional developments. They are
blind vertical and inclined shafts, providing lifting ore from the lower to the
upper horizons.

The following basic layout revealing the workings.

1. Central, in which all of the major revealing production are located in
the middle of the field or across the middle. This scheme can be performed
in two ways:

e Approaches to Central
location revealing the
workings of the mine at a
production site or mine;

e Referred to the central
location of revealing the
workings in which they are
located on two industrial sites
on opposite sides of the field.

Central location Approaches
revealing the workings widely used
in the development of horizontal and
gently sloping fields, and the
development of lean ore production
in the middle of a mine field
(Fig. 5.3).

In developing this scheme steep
deposits is less common: usually
with a small stretch of the deposit
(less than 1 km) and the possibility

of applyigg the reverse order of its Fig. 5.3 Central location approaches
mining (Fig. 5.4). trunks in the development of horizontal
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Fig. 5.4 Central location approaches trunks in the development of steep deposits

The obvious disadvantage of the central location of the main-approach
is the difficulty in revealing the workings airing remote mining sites.
Somewhat simplified, but the process is quite complex ventilation in
Central attribution of the scheme, in which the air supply and ventilation
shafts are located on opposite sides of the field (Fig. 5.5).

N

Fig. 5.5 Central location otherwise trunks in the development of steep deposits
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2. Flank, where the main revealing production are located on different
flanks of the deposit (Fig. 5.6).

Fig. 5.6 Flank openings revealing the location of the development of steep deposits

When flank simplified scheme airing of all mining sites and power, but
significantly increased (almost doubled) the cost of underground transport
ore to the main trunk, which is not in the middle of the field or in front of
the middle, and on its flank. This scheme is often used in the development
of steep deposits at low productivity of the mine. This increases the cost of
underground transport, but eliminates the need for the sinking of the barrel
in front of the middle third of the deposit. Application flank scheme
(Fig. 5.7), unlike the central, it is advisable for the development of flat
dipping ore deposits, since in this case not needed leaving protective pillar.
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Fig. 5.7 Flank openings revealing the location of the development
of gently sloping fields

3. Combined, in which reveals the main production center is located in
front of the field, and on each side are placed ventilation generation
(Fig. 5.8).

Fig. 5.8 Combined location revealing the workings
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This scheme provides a minimum cost of underground transportation
and creates favorable conditions for the ventilation of mining blocks and
parcels. However, unlike the above-described scheme in which required at
least two revealing output, combined with their arrangement must be at

least three.

Often the number of the basic workings revealing than the above
values. The reasons for increasing the number of openings can be:

¢ for top revealing the workings:

Large production capacity of the mine;
The need for the issuance of ore from several horizons;

The need to issue several types of ore skip hoists, etc.;

¢ support for revealing the workings:

The need for tunneling near the skip shaft auxiliary shaft for
lowering and lifting people and fresh air;

The need for additional air intake and sinking air revealing the
workings at the mine using a self-propelled diesel-powered
equipment;

The need for penetration inclined or vertical shafts, equipped
with overhead cranes for lowering and lifting of bulky mobile
equipment;

The need for sinking shafts for launching special backfill
material;

Excavation at major mines dedicated trunk to work
independently mine sinking organization.

Thus, the large number of major mines revealing the workings may be

10 or more.
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Revealing the location of the excavation must meet the following
requirements:

e Revealing the production need to have outside the displacement
of rocks that can be generated after the full development of the
deposit;

e Will address the development of air intake must be located on
the windward side of the dusty roads, dumps, steel mills, etc.;

e Will address the main production at the central or combined
scheme for sustained opening circuits of the ore deposit should
be placed in the center of the field or in front of its center, and
with unrestrained - in front of the center of gravity of the field
for the lowest cost on the underground transport of ore;

e The development of steep deposits revealing the workings, as a
rule, have a footwall of the deposit, which significantly reduces
the length of crosscuts. Inability to revealing the workings of
such an arrangement may be due to the presence of nearby
bodies of water, settlements, nature reserves, etc.

By revealing the location of the mouths of mines to meet the following
requirements:

e In the mountainous terrain mouth revealing the workings must
be located above the maximum water elevation in the rivers and
in the landslide risk areas.

e A platform for placement of buildings and structures should be
comfortable, with a slope surface within it no more than 5 - 6
degrees.

It is generally classified methods of opening ore deposits in their
underground development by revealing the main type of production (which
is to the issuance of the ore to the surface). If an autopsy is carried out
excavations of the same type, it refers to a group of simple ways, as if to lift
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ore from the lower levels used by the blind trunks - then the group
combined. The rise of the trunks of the ore and its transport to the galleries
can be done in different ways.

Classification opening methods is as follows.
I. Simple ways of opening:
1) vertical shafts :
e A lift cage ore ;
e With skip lifting of ore;
e With conveyor lift ore;
2) inclined shaft :
e With the rise of ore into the car ;
e With skip lifting of ore;
e With conveyor lift ore;
e With the rise of ore dump;
3) galleries :
e For clectric vehicles with the ore;
e With conveyor transport of ore;
e To transport the ore dump.
II. Combined methods of opening:

1) vertical blind and vertical shafts;
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2) the vertical and inclined shafts blind;
3) galleries and blind vertical shatft;
4) galleries and blind inclined shatft;

5 ) inclined and vertical shafts blind.

Questions
1. Name basic stages in a mine development.
2. What is underground mining? Its purpose?

3. What is surface mining? Its purpose?

4. Explain how you understand what mine development is.
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5.6 MINE DEVELOPMENT

Mine development is drivage of mine working after opening of mine or
its part that provides possibility of stoping execution. At development of
coal (shale) deposits differs panel, horizon and level methods of mine
development, and also combinations. Basic factors that determine choice of
rational method of mine development are following: dip angle, water
abundance of seam situation of developed part of mine towards hoisting
horizon (tabl. 1).

Table 1. Characteristic of mine development methods

Rational method of mine develop- Application conditions
ment

Water abun-
dance of
seam

Inclined drift stair Slope stair of mine Dip angle Seam thick-
of mine ness

Horizon with coal Horizon with coal 3-12 Less than | Non water
extraction down extraction upwall 2 abundant
dip
Panel Horizon with coal Water
extraction upwall abundant
Horizon with coal Horizon with coal More than 2 Non water
extraction down extraction down dip abundant
dip
Panel Panel Anyone Water abun-
Panel 10-25 dant
Panel
Level Level More than Anyone
25

The basic preparatory workings at mine development method are the

main and level drifts; main inclined and panel drifts, slopes and footways.

At panel development method mine in the range of horizon stair
divides on sequence developed districts — panels with length along the
strike 800-3000 m. Each panel prepared with help of main transport and
ventilation drifts and also panel inclined drifts or slopes with footways that
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drives from main drifts in the middle of panel or on its wings (Fig. 5.9).

% e
R
war sl e

1 — wing footway; 2 — deck transport drift; 3 — deck ventilation drift; 4 — main
ventilation drift; 5 — main ventilation inclined drift; 6 — main transport inclined drift; 7 —
main transport drift; 8 — conveyor inclined drift; 9 — manway; 10 — footway.

Fig. 5.9 Panel development method of inclined drift part of mine field

Panel divides on consistently developed decks 120-250 m that prepared
by means of drivage of panel inclined drifts (slopes) of deck transport and
ventilation drifts on coal seam.

For panel development is significant pillar mining method with reuse
of deck drifts (at steady site rocks), straight-through arrangement
ventilation of extraction face, position of main preparatory workings in
rocks of seam soil. At non gas-bearing seams development wing gains not
drives and apply U-ventilation of extraction face. If adjacent rocks
unsteady, decks preparing by means of decks drifts drivage with cutting to
work-out area. In panels with extended length along the strike, when
drivage of deck drifts of great length by end cut is inconveniently (gas-
bearing seams, poor adjacent rocks) and foresees intermediate footway for
next decks preparation.
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At development of self-ignition seams for avoidance of great air losses
in worked-out area, usage of panel with length along the strike equal to
1000-1200 m is recommended. Panel mine development applies in all coal
basins of country during thin seams development, i.e. in conditions that are
favourable for belt conveyors working in panel inclined drifts (slopes).
Advantage of panel development is possibility of supplying high level of
stoping concentrations by means of simultaneous development of several
panels on seam and few decks in each panel. Disadvantages: complexity of
mine workings arrangement in mine field due to presence in transport
system intermediate link, such as panel inclined drifts (slopes). Also
difficulty of execution simultaneously with stoping, great volume of
preparatory workings in panel, especially inclined.

Application of horizon development method caused by specialties of
long pillars seam development with longwall advance upwall or down dip.
At this method mine field within stair (horizon) of inclined workings 800-
1200 m is divided into sequentially developed extraction pillars with width
120-250 m (Fig. 5.10, 5.11)

1 — adjusting drift; 2 — conveyor inclined drift; 3 — ventilation drift; 4 — main
ventilation drift; 5 — main ventilation cross-cut; 6 — main transport cross-cut; 7 — main
transport drift; 8 — dismantling chamber

Fig. 5.10 Horizon development method of inclined drift part of mine field during
seam development by longwalls down dip
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1 — conveyor slope; 2 — ventilation slope; 3- main transport drift; 4 — main ventilation
drift; 5 - main ventilation cross-cut; 6 — main transport — cross-cut; 7 — supportive footway;
8 — manway; 9 — drainage drift; 10 — adjusting drift.

Fig. 5.11 Horizon development method of slope part of mine field during seam
development upwall

The last one prepared with help of transport and ventilation slopes
(inclined drifts). Extraction pillars developed, as a rule, by advance mining
in inclined drift part and backward in slope part of mine field. The most
simple and reliable arrangement of preparatory workings achieved in
inclined drift part of mine field during seam extraction by longwalls down
dip and in incline part during extraction by longwalls upwall. In these cases
creates more favourable conditions for from stoping face along adjoining to
it transport inclined drift (slope) immediately on the hoisting horizon of
mine to shaft. For providing direct flow ventilation of extraction faces
transport incline drift (slope) protects behind stoping face by artificial
constructions (breaker rows, strips from cube spar, phosphogypsum and
concrete blocks). During development of seams with high gas content
variants of horizon development with backward ventilation of extraction
face and position of main ventilation drift on one level with main transport
drift are the most rational. In all cases of horizon development with seam
extraction by longwalls upwall constructs drainage horizon with pump
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station. Fringe or sheet drainage drift connects with hoisting horizon by
supportive slopes (Fig. 5.11).

On practice well-known variants of horizon development that differs
by main drifts position towards seam (fringes or sheets), scheme of
extraction faces preparation (with reuse of conveyor inclined drifts and
slopes or it drivage with cutting to worked out area).

Horizon method of mine development is more widespread during thin
seams development in Donetsk, Karaganda and Pechorsk coal basins. On
work conditions of complex mechanization equipments in horizontal
stoping face area of its usage is limited by seam dip angle 0 - 12°. Horizon
method of mine development with longwall advance upwall applies on
seams with thickness to 2 m (at higher thickness coal drawing intensifies
and increases danger of people work in face). But with longwall advance
down dip on non-water-abundant seams (presence of congregate water in
longwall complicates work of mechanized support).

Basic advantages of horizon method of mine development are less than
at other methods specific volume (on 1000 tone of extracted coal) of works
on drivage of preparatory workings, possibility of providing stable length of
longwall for all time of extraction pillar development. Disadvantages:
difficulties of supportive transport implementation on long (800-1200 m)
inclined mine workings; impossibility of reaching high level of mine works
concentration (all mine field wing must have one stoping face).

At level development method mine field within the stair (horizon) is
divided into sequentially developed strips-levels of incline height equal to
100 m and more, that prepared with help of level transport and ventilation
drifts that drivage from level cross-cuts or main inclined drift (slope). On
practice well-known different variants of constructive execution of this
method of mine development depending on dip angle and sizes of mine
field.

For development of flat seams level method of mine development with
subdividing into 2-3 sublevel is more significant. In level creates one-wing
extraction fields with length along the strike 300-1200 m, These wings
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prepared with help of district inclined drift with footway. In cases of great
sizes of mine field stair down dip (400-600 m) on seam or bearing rocks
drives main inclined drift (slope) with footways. These mine workings
supposed for coal drawing from levels on hoisting mine horizon, also for
ventilation and supportive operations.

Level development method is more significant for development of
inclined and vertical (edge) seams. Levels of inclined extraction have
length 100-150 m and developed by longwalls that advance along the strike
of down dip. On practice applies mine development without subdividing
level into sub-levels with grouping of several seams on sheet or group
fringe level drifts (variant “longwall-level”, Fig. 5.12).

1 — ventilation sheet drift; 2 - interbedded cross-cut; 3 — group level ventilation drift;
4 — level ventilation cross-cut; 5 — level transport cross-cut; 6 — footway (ventilation) face
entry; 7 — group level transport drift; 8 — transport sheet drift

Fig. 5.12 Level development method of coal field during development
of vertical (edge) seams

Stoping on seam conducted in extraction field with length along the
strike of 400-600 m that prepared with help of transport and ventilation
sheet drifts.
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Level method of mine development applies everywhere during
development of inclined and steep seams and in particular cases during
extractions of flat seams on mines of Donbass, Karaganda and Kusnetsk
basins with less (3-4 km) sizes of mine field along the strike. The main
advantage of this method is simple of arrangement of mine workings,
Disadvantages: difficulty of providing high concentration of stoping on
mine, increased exploitation expenses on drivage and supporting of mine
workings.

In practice of coal deposits exploitation is not a common, when within
mine field one seam or group of seams developed with application of
different development methods. Combinations of panel and level, panel and
horizon, level and horizon methods applies on Donetsk and Karaganda
basins during extraction of flat seam with changing mine-geological
conditions of occurrence within mine field.

Mine development of ore deposits includes drivage of transport
preparatory workings (ore drift and cross gates) and upwall. Intersected ore
deposits are separated into on levels (or panel). Development methods
agree with relevant development systems and ore transport methods.

Transport by preparatory mine workings along the strike are divided on
levels with height, usually 100 m (primarily 50-80 m) In the depending of
dip angle and thickness of ore bodies, deposit can be prepared one (without-
level) mine development or few (2 and more) levels. By transport
preparatory workings upwall or along the strike deposit is subdivided on
blocks and panels at flat occurrence of ore bodies. Length of blocks along
the strike is 100 m and more.

Preparation of horizontal deposits realizes by main or main and panel
drifts: flat, inclined and steep deposits, level drifts or level drifts and cross
gates.
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Questions

1.

2.

What is the mine development?

Name the basic preparatory mine workings

. Where is horizon method of mine development more widespread?
. What combinations of mine methods do you know?

. What is advantage of panel development method?
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5.7 DEVELOPMENT OF COAL DEPOSITS

Mode of occurrence of coal seams differs by great variety. This, and
also economic reasons determine appliance of different mining
technologies. As a rule, for coal breaking use mechanical items or
explosives. More rarely, hydraulic (hydraulic coal mining) and chemical
(underground coal gasification). Stoping technology assumes from one side
continuous presence of miners in longwall or on the other side manless
mining. There are different methods of coal extraction: by shearers, ploughs,
pick hammers and explosives. The most perspective method of extraction is
usage of shearers or ploughs in combination with mechanized supports.

Mining methods can be with long or short faces.

Mining method with long face can be longwork, pillar and combined.
Each of these mining methods has variants in terms of direction of longwall
advance towards elements of seam occurrence (along the strike, down dip
and upwall), preparation method of level or deck to stoping, but during thick
seams mining from method of its extraction: with and without division into
layers (incline, horizontal, cross-incline).

Longwall mining method. Synchronism of preparatory workings
drivage and stoping in level or panel is significant for this mining method.
Preparation of stoping face is realized (Fig. 5.13) at distance not less than
25-50 m from inclined (inclined drift, slope, shaft with footway) or
horizontal mine workings by means of transport and ventilation workings
drivage and face entry between them. Mechanized equipment is installed in
face entry to begin coal stoping. Stoping face moves from inclined
(horizontal) mine working boundaries of level (deck). Behind the face in
worked-out area drives all adjacent mine workings. Also other variants are
applied that depend upon dip angle and differs by development methods,
drive of mine workings, etc. Longwall mining method is characterized by
less primary volume of drivage of workings during preparing of new
longwall. Its main disadvantages are as followes: hard conditions of drifts
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supporting, great air losses through worked-out area, possibility of
unforeseen faulting and longwall stops for this reason. Longwall mining
method embarrasses using of high-productivity complexes and devices. That
is why its usage must be limited by thin seams that bedded on big depths
and single unguarded seams, which are dangerous on sudden coal and gas
outbursts or pressure bursts.

1 — inclined mine workings; 2 — level belt drift; 3 — gain; 4 — stoping face
(longwall); 5 — level ventilation drift; 6 — face entry.

Fig. 5.13 Longwall mining method «longwall—level»

Pillar mining method. For pillar mining method is significant drivage of
preparatory workings before start of stoping. These mine workings square
up coal deposits within level, deck, extraction pillar.

Variant of pillar mining method along the strike at panel development
method represented on Fig. 5.14. Near main haulage drift at incline mine
workings constructs acceptance-sending bay that provides acceptance and
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forwarding of loads from shaft bottom to stoping faces and vice versa. From
bay to upper (or lower) panel boundary drives inclined mine workings:
inclined drift (slope) and gains that uses for air delivery, relieving transport,
descend-hoist of people. Coal transported by belt conveyors on inclined drift
(slope). From inclined mine workings on both sides drives deck drifts
(transport and ventilation) with service mine workings (cross slits).
According to development, prepares next deck and drives new drifts. Pillar
mining method removes disadvantages that longwall mining method has.
However, it significant by great losses (on 5-7%) of coal in pillars and
increased primary volume of preparatory mine workings drivage. It usage
allows to increase load on stoping face and improve basic technical-
economic indices.

1 — haulage drift; 2 — conveyor deck drift 3 — face entry; 4 — ventilation deck
drift; 5 — provisional acceptance-sending bay; 6 — lower acceptance-sending bay

Fig. 5.14 Mining method with long pillars along the strike
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Expansion receives mining method by long pillars with stoping face
advancing down dip (Fig. 5.15) or upwall. From mine working that
intersecting seam drives main fringe haulage drift. Parallely to fringe drift
drives sheet drift and two inclined mine workings to ventilation horizon
where connects them with face entry. Mining method with face
displacement down dip allows to providing decreasing specific volume of
drivage and supporting mine workings; steadying length of longwall in the
range of extraction pillar (that especially necessary during fitting of stoping
face by mechanized complex of equipment or device); simple and reliable
scheme of underground transport; straight-through arrangement of
ventilation with air delivery to methane emission source (stoping face, coal
on conveyor, preparatory mine working). Disadvantages: great volume of
inclined mine workings. It drives and exploitation is more expensive than
horizontal. At high water abundance uses analog mining method with
stoping face displacement upwall. Both variants of mining methods thanks
to technical economic advantages are more progressive for extraction of thin
and average thickness seams with dip angle to 12—15°.
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1 — sheet drift; 2 — main haulage fringe drift; 3 — conveyor inclined drift;
4 — ventilation gain; 5 — face entry; 6 — main ventilation fringe drift.

Fig. 5.15 Mining method by long pillars down dip
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Mining method with short faces divided on chamber and chamber-
pillar. At chamber mining methods length of chambers can be 200 — 300m;
width 4 — 15m, rib pillars from 2 to 6m, zonal — 5 — 10 m. Collapse of roof
must had place after its development, so sizes of face on thin seams equal to
50— 150 m.

Chamber-and-pillar method differs from chamber by that rib pillars
partially reclamates (Fig. 5.16) whereby increases efficiency of coal
extraction. Between conveyor and ventilation drifts drives one or two
chambers with width 3,5 — 5 m, after that filling rib pillar with width 15 —
20 m. Rib pillars filling by entry ways on 3,5 — 7 m with technological
pillars leaving between them with width 0,6-1 m. Drifts and chambers
supporting by anchor support; entry ways do not supporting. Basic
conditions of usage technology with short faces are following: low quality
of coal (usually energetic with increased ash content); seam thickness 0,8 —
3,5 m; dip angle of seam to 15° (determines by possibility of mobile
equipment work); rocks of medium and above-medium steadiness; volume
of gas to 15 m3 on 1 tone of extraction; depth of mine works to 300 m (as
with depth distinctly increases losses of coal in deposits), etc.
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1 — shearer; 2 — shuttle car; 3 — telescope conveyor; 4 — mechanically wagon drill

Fig. 5.16. Chamber-and-pillar mining method with pillar extraction by entry ways
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In European countries primary expansion receives mining methods with
long stoping faces. On mines of USA, Canada and Australia uses mining
methods with short faces. It’s connected with favourable geological
conditions.

Questions

1. What mining methods do you know?

2. Name the disadvantages of pillar mining method
3. Mining method with long face can be...

4. What is the difference between chamber and chamber-pillar
methods?

5. In what countries mining methods with short faces are use?
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6.1 STAGES IN THE LIFE OF A MINE

The overall sequence of activities in modern mining is often compared
with the five stages in the life of a mine:

e prospecting; Exploration & Bl "

e exploration; * discovery, sampling

e development; of mining

e cxploitation;
e reclamation. * closure plan

Prospecting and Codostion
exploration, precursors to
actual mining, are linked and
sometimes combined.

. .. Operations * crushing, grinding, concentrating
Geologists and mining 5 mmr“,.,,m
. * t
engineers often share s T
v

responsibility for these two
stages. 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. Reclamation has been added to these
stages since the first edition, 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. The overall process of developing a mine with the
future uses of the land in mind is termed sustainable development.
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Prospecting

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

Air : aerial photography, Surface : ground geophysics, geology
airborne geophysics, satellite

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 that have weathered away from the outcrop.
Geologic studies of the entire area augment this simple, direct technique.
By means of aerial photography, geologic maps, and structural assessment
of an area, the geologist gat hers 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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Exploration

The second stage in the life of a mine,
exploration, determines as accurately as ©
possible the size and value of a mineral E
deposit, utilizing techniques similar to but §
more deeply than those used in prospecting. ©
The line of demarcation between !
prospecting and exploration is not sharp; in
fact, a distinction may not be possible in
some cases. Exploration generally shifts to = e :
surface and subsurface locations, using a variety of measurements to obtam
a more positive picture of the extent and grade of the ore body.

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.

The feasibility study includes an economic analysis of the rate of return
that can be expected from the mine at a certain production rate

After suitable deposits have been found and their worth proved,
development, or preparation for mining is necessary. It requires careful
planning and layout of access openings for convenience, safety, and
stability. For underground mining, the sinking of shafts, driving of adits and
various other underground openings, and providing for drainage and
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ventilation. For all this, equipment must be provided for such purposes as
blasting, loading, transporting, hoisting, power transmission, pumping,
ventilation and storage.

Development

In the third stage, development, the work of opening a mineral deposit
for exploitation is performed. 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 is 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.

In either case, certain preliminary development work, such as acquiring
water and mineral rights, buying surface lands, 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 such as access of
roads, power sources, mineral transportation systems, mineral processing
facilities, waste disposal areas, offices, and other support facilities must
precede actual mining in most cases.

Some nonmetallic mines have no overburden to remove; the mineral is
simply excavated at the surface. Development for underground mining is
generally more complex and expensive. It requires careful planning and
layout of access openings for efficient mining, safety, and permanence. The
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principal openings may be shafts, slopes, or adits; each must be planned to
allow passage of workers, machines, ore, waste, air, water and utilities.
Many metal mines are located along steeply dipping deposits and thus are
opened from shafts, while drifts, winze and raises serve the production
areas. Many coal and nonmetallic mines are found in nearly horizontal
deposits. Their primary openings may be drifts or entries, which may be
distinctly different from those of metal mines.

Exploitation

Exploitation, the fourth stage of
mining, is associated with the actual
recovery of minerals from the earth in
quantity.  Although development may
continue, the emphasis in the production
stage is on production. Usually, only
enough development is done prior to
exploitation to ensure that production, once
started, can continue  uninterrupted
throughout the life of the mine. The mining
method selected for exploitation is
determined mainly by the characteristics of
the mineral deposit and the limits imposed
by safety, technology, environmental
concerns, and economics. Geologic
conditions, such as the dip, shape, and
strength of the ore and the surrounding
rock, play a key role in selecting the
method. Traditional exploitation methods
fall into two broad categories based on
locale: surface or underground.

Surface mining includes mechanical excavation methods such as open
pit and open cast (strip mining) and aqueous methods such as placer and
solution mining. Underground mining is usually classified in three
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categories of methods: unsupported, supported, and caving.

Exploitation is associated with the actual recovery in quantity of
minerals from the earth.

The mining method selected
for exploitation is determined
mainly by the characteristics of
the mineral deposit and the
limits imposed by safety,
technology, and economics.

Geologic conditions, such as
deposit dip and shape and
strength of the ore and wall rock,
play a key role in selecting the
method.

The safety, health and welfare of people engaged in work or
employment is crucial. The goal of all occupational health and safety
actions is to develop a safe work environment.

Protection of the health and safety of employees from excessive or
undesirable stresses in the occupational environment is all important. These
hazards include reduced natural ventilation and light, difficult and limited
access and exits, exposure to air contaminants, fire, flooding, and
explosion.

Reclamation

Mine reclamation is the process of restoring land that has been mined
to a natural or economically usable purpose. Although the process of mine
reclamation occurs once mining is completed; the preparation and planning
of mine reclamation activities occur prior to a mine being permitted or
started. Mine reclamation creates useful landscapes that meet a variety of
goals ranging from the restoration of productive ecosystems to the creation
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of industrial and municipal resources. In the United States, mine
reclamation is a regular part of modern mining practices. Modern mine
reclamation minimizes and mitigates the environmental effects of mining.

Closing and liquidation of mines is only possible when their balance
coal reserves are exhausted and mining operations are executed on beyond-
the-balance reserves with very low labour productivity and technologic and
economic results.

The purpose of the land reclamation is to:

e Stabilize abandoned mined areas to decrease erosion and
sedimentation, support desirable vegetation and improve offsite
water quality and or quantity;

e Maintain or improve landscape visual and functional quality;

e Protect public health, safety and general welfare.

Questions

1. Name basic stages in a mine development.

2. What is geological prospecting? Its purpose?

3. Explain how you understand what feasibility study is.

4. What do development and building of a mine incorporate?
5.By what parameters is mining method defined?

6. Why is health protection of the workers so important? What are the
main dangers that a miner can encounter?

7.When should a mining enterprise be closed? What is land
reclamation? Its purpose?
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6.2 PROSPECTING

Prospecting is the first stage of the territory geological analysis (second
- exploration): physical search for minerals, fossils, precious metals or
mineral specimens.

Prospecting is a small-scale form of mineral exploration which is an
organized, large scale effort undertaken by mineral resource companies to
find commercially viable ore deposits.

Prospecting is physical labour, involving traversing (traditionally on
foot or on horseback), panning, sifting and outcrop investigation, looking
for signs of mineralisation. A prospector must also make claims, meaning
they must erect posts with the appropriate placards on all four corners of a
desired land they wish to prospect and register this claim before they may
take samples.
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Prospecting is the first stage in the utilization of a mineral deposit. It is
the search for ores or other valuable minerals (coal or non-metallic).
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 that have weathered away from the outcrop.
Geologic studies of the entire area augment this simple, direct technique.
By means of aerial photography, geologic maps, and structural assessment
of an area, the geologist gets 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.

Geophysical prospecting

Geophysical  prospecting combines the
sciences of physics and geology to locate ore
deposits. Familiar examples of geophysical
prospecting include the use of geiger counters for
detecting radioactive uranium deposits and
magnetic surveys to find iron deposits.

Five major geophysical methods—magnetic,
gravimetric, electrical, radiometric, and seismic—
are successfully utilized in mineral exploration.
Some of these methods require complex and costly
instruments and highly trained operators. Others,
however, are relatively simple and inexpensive.

The purpose is to locate favorable locations by means of:
Air : aerial photography, airborne geophysics, satellite

Surface : ground geophysics, geology
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Geophysical prospecting is the process of investigating geological
formations with the use of various observational tools to collect data about
their composition, size, and nature. Geologists use specialized equipment to
look into the earth and learn more about petroleum deposits, rock, soils, and
other objects that may be present. Mining and petroleum companies rely on
this process to identify sites of interest and evaluate them to determine if
they are worth further exploration.
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In geophysical prospecting, people can use a variety of sensors above
and below the ground for data collection. This can include flying in planes
over the site to snap aerial photos, taking samples to collect data, using
sonar to map out underground formations, and measuring the electrical
conductivity and other physical characteristics of the soil. The goal is to
collect as much information as possible to help people determine whether
the site contains useful materials, so they do not have to invest in
development of the site only to find that it is not useful.

Geologists focus on searches for specific materials of interest at a site,
although they will document incidental findings along the way. Specialists
working for a diamond company, for example, want to find diamonds or
indicator minerals commonly associated with diamonds. The site may have
other materials of use, and geologists could determine if the site should be
sold to another company for resource exploitation in the event that it does
not contain minerals of interest to their employers.
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Exploration

The second stage in the life of a mine, exploration, determines as
accurately as possible the size and value of a mineral deposit, utilizing
techniques similar to but more deeply than those used in prospecting. The
line of demarcation between prospecting and exploration is not sharp; in
fact, a distinction may not be possible in some cases. Exploration generally
shifts 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.
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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.

The feasibility study includes an economic analysis of the rate of return
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that can be expected from the mine at a certain production rate.

After suitable deposits have been found and their worth proved,
development, or preparation for mining is necessary. It requires careful
planning and layout of access openings for convenience, safety, and
stability. For underground mining, the sinking of shafts, driving of adits and
various other underground openings, and providing for drainage and
ventilation. For all this, equipment must be provided for such purposes as
blasting, loading, transporting, hoisting, power transmission, pumping,
ventilation and storage.

Questions

1. What types of prospecting do you know ?

2. What is geological prospecting? Its purpose?

3. Explain how you understand what aerial photography is.
4. Explain how you understand what airborne geophysics is.

5. Explain how you understand what ground geophysics is.
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6.3 METHODS OF MINING

Surface mining (also commonly called strip mining) is a type
of mining in which soil and rock overlying the mineral deposit
(the overburden) are removed. It 1s the opposite of underground mining, in
which the overlying rock is left in place, and the mineral removed through
shafts or tunnels.

Surface mining is used when deposits of commercially useful minerals
or rock are found near the surface; that is, where the overburden is
relatively thin or the material of interest is structurally unsuitable for
tunneling.

To expose and mine the ore, it is generally necessary to excavate and
relocate large quantities of waste rock. The main objective in any
commercial mining operation is the exploitation of the mineral deposit at
the lowest possible cost with a view of maximizing profits. It is generally
conceded that surface mining is more advantageous than underground
mining in terms of recovery, grade control, economy, flexibility of
operation, safety, and the working environment.

Open pit terminology

The following are terms that commonly occur in open pit mine
planning and are used throughout this chapter. These terms are illustrated in
Figure 1, which shows a pit section through an idealized ore body.

A bench may be defined as a ledge that forms a single level of
operation above which mineral or waste materials are mined in a bench
face. The mineral or waste is removed in successive layers, each of which is
a bench. Several benches may be in operation simultaneously in different
parts of the open pit mine. The bench height is the vertical distance between
the highest point of the bench, or the bench crest, and the bottom of the
bench.
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Fig. 6.1 Pit section through an idealized tabular ore body

The bench slope is the angle, measured in degrees, between the
horizontal and an imaginary line joining the bench toe and crest.

Pit limits are the vertical and lateral extent to which the open pit
mining may be economically conducted.

In order to enhance the stability of a slope within the pit and for safety
reasons berms may be left. A berm is a horizontal shelf or ledge within the
ultimate pit wall slope. The berm interval,

berm slope angle, and berm width are governed by the geotechnical
configuration of the slope.

For the duration of open pit mining, a haul road must be maintained
into the pit. A spiral system is an arrangement whereby the haul road is
arranged spirally along the perimeter walls of the pit so that the gradient of
the road is more or less uniform from the top to the bottom of the pit.

Haul road width is governed by the required capacity of the road and
type of haulage unit.

The angle of repose or angle of rest is the maximum slope at which a
heap of loose material will stand without sliding.
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Fig. 6.3 Photo of a quarry
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Geotechnical investigations

The behavior and stabilities of rock masses are controlled mainly by
the nature and orientation of the discontinuities. A successful exploration
program culminates in drilling
and sampling information,
useful in establishing mine
operation parameters,
geotechnical design,
geohydrologic conditions, and
mineral processing or
metallurgical extraction.

bench {

Drilling must be

Fig. 6.4 Block model of an ore body supervised by an experienced

exploration geologist to record

hole depths, core losses, and any other significant aspects (e.g., water

losses) during drilling. Continuous liaison between the exploration

geologist and the mine planning engineer is important to ensure that all
mining-related data are collected.
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Fig. 6.5 Open-pit: flat-lying seams
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Geohydrologic investigations

By far, the most important effect of the presence of groundwater is the
reduction in stability resulting from water pressures within discontinuities
in the rock mass.

Open pit feasibility studies

After a mineral deposit has been discovered and evaluated sufficiently
to be considered an ore deposit, the problem then becomes how to mine and
process that ore body in a way that maximizes the net present value (NPV)
within a practical operating format.

Pit Development

Clearing and grubbing. This involves clearing the property of trees
and shrubs and then removing the stumps and roots to insure a
homogeneous topsoil. Grubbing is often done with rake-like grubbing
attachments on agricultural tractors or dozers.

Topsoil removal. Regulations dictate that the topsoil be removed and
ultimately replaced upon graded spoils. Topsoil can either be stockpiled at
the side of the pit area for later redistribution or hauled immediately to the
graded area for redistribution.

Selection and sizing of excavating equipment

The main operations in a surface mine - ground preparation, excavation
and loading, transport, and mineral treatment are interdependent, and the
optimum cost per ton may not be obtained by attempting to minimize each
of the individual operational costs.
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The selection of the excavator or loader is of prime importance because
it largely determines the other equipment required and the mode of
operation; it is the key to low-cost production but is not usually the starting
point in planning.

Environmental and health issues

Mining companies are required by Federal, State, and local laws to
restore the mined land after surface mining is completed; as a result, the
overburden and topsoil are stored after removal so that they can be replaced
and native vegetation replanted.

Structure of underground mining technology

Surface technological complex of a mine

d

., Schemes and opening methods of
minerals by mine workings

Mine field opening

Schemes and development methods of

Mine field development minerals by mine workings
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Basic conception of mineral deposits underground mining

Underground mining — extraction of the minerals in the Earth’s
interior without damage of the land surface by way of drivage the system of
mine workings.

Materials recovered by mining include base metals, precious metals,
iron, uranium, coal, diamonds, limestone, oil shale, rock salt and potash.

Modern mining processes involve prospecting for ore bodies, analysis
of the profit potential of a proposed mine, extraction of the desired
materials and finally reclamation of the land to prepare it for other uses
once the mine is closed.

The overall sequence of activities involved in modern mining can be
expressed as stages in the life of a mine.

There are three stages in underground mining: opening, development
and extraction.

Extraction of the minerals by underground method is carried out by
mining enterprises at allocated for them deposits or areas.

Mine field (ore field) is part of a deposit at which a mining enterprise
extracts minerals.

Mine allotment (mine take) is an area of a surface allocated for
agricultural needs and is given to a mining enterprise.

Mine is a mining enterprise that mines a deposit by underground
method or its part and that is consist of one or several mines, adits or other
production units.
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Structure of mining

Underground mining is something that is carried out when the
mineral deposit is located deep down under the surface of the earth. Most
coal seams are too deep underground for opencast mining and require
underground mining, which method currently accounts for about 60% of
world coal production.

When an underground mine is in development, miners start out by first
digging two or more openings, or tunnels, deep inside the earth close to the
place where they think the precious minerals are situated.

1
2.
i
4.
4. Coal preparation plant
6. Coal storage bms 11. Coal pill
7. Gas dramnage system
12. Underground coal bin
& Longwall face equipment -
13, Man roadway or heading
9. Coal seam

14. Coal skips 10 carry coal 10 the surface
10, Contmuous miner nanit
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Depending on where the vein of ore is in relation to the surface, tunnels
can either be vertical, horizontal, or in some cases even slope. An opening
allows the miners to move around the mine and in and out with the tools
they use and these openings can also be utilized as a path for carrying the
rock that has been mined by conveyor belts to the outside.

Principal methods of underground mining (technologies of
stoping)

Technology of stoping — aggregate of production processes, operations
and actions that are carried out in a definite consequence in space and time
and directed to gaining of marketable coal.

Longwall mining accounts for about 50% of underground production.
The longwall shearer has a face of 300 m or more. It is a sophisticated
machine with a rotating drum that moves mechanically back and forth
across a wide coal seam. The loosened coal falls on to a pan line that takes
the coal to the conveyor belt for removal from the work area. Longwall
systems have their own hydraulic roof supports which advance with the
machine as mining progresses. As the longwall mining equipment moves
forward, overlying rock that is no longer supported by coal is allowed to
fall behind the operation in a controlled manner. Once the coal is removed
the roof is allowed to collapse in a safe manner.

Continuous mining utilizes a machine with a large rotating steel drum
equipped with tungsten carbide teeth that scrape coal from the seam.
Operating in a “room and pillar” (also known as “bord and pillar”) system —
it can mine as much as five tons of coal a minute. Conveyors transport the
removed coal from the seam. Remote-controlled continuous miners are
used to work in a variety of difficult seams and conditions, and robotic
versions controlled by computers are becoming increasingly common.
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Shortwall mining, a method
currently accounting for less than
1% of deep coal production,
involves the use of a continuous
mining machine with movable roof
supports, similar to longwall. The
continuous miner shears coal panels
40-60 m wide and more than 1 km
long, having regard to factors such
as geological strata.

Retreat mining is a method in which the pillars used to hold up the
mine roof are extracted; allowing the mine roof to collapse as the mining
works back towards the entrance. This is one of the most dangerous forms
of mining owing to imperfect predictability of when the ceiling will
collapse and possibly crush or trap workers in the mine.

There are two main methods of underground mining: room-and-
pillar and longwall mining.

Room & Pillar Mining

In room-and-pillar mining, coal deposits are mined by cutting a
network of “rooms” into the coal seam and leaving behind “pillars” of coal
to support the roof of the mine. These pillars can be up to 40% of the total
coal in the seam — although this coal can sometimes be recovered at a later
stage. In room and pillar mining coal seams are mined by a “continuous
miner” that cuts a network of “rooms” into the seam. As the rooms are cut,
the continuous miner simultaneously loads the coal onto a shuttle or ram
car where it will eventually be placed on a conveyor belt that will move it
to the surface. “Pillars” composed of coal are left behind to support the roof
of the mine. Under special circumstances, pillars may sometimes be
removed or “pulled” toward the end of mining in a process called “retreat
mining”. Removing support during retreat mining can lead to roof falls, so
the pillars are removed in the opposite direction from which the mine
advanced: hence the term “retreat mining”.
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The key to the successful room 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.

Longwall Mining

Longwall mining involves the full extraction of coal from a section of
the seam, or “face” using mechanical shearers. The coal “face” can vary in
length from 100 —350m. Self-advancing, hydraulically-powered supports
temporarily hold up the roof while coal is extracted. When coal has been
extracted from the area, the roof is allowed to collapse. Over 75% of the
coal in the deposit can be extracted from panels of coal that can extend 3km
through the coal seam.
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Pillars support
roof

<« Longwall shearer
cuts coal face

Questions

1. What is a bench?

2. Describe how would you measure a bench height?
3. What is a safety berm made for?

4. What is a bench face?

5. What is a haul road used for?

6. How do you understand what an overburden is?

7. How would you measure a haul road width?
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power transmission
storage

air contaminants
flooding
stability
feasibility study
rate of return
pumping
explosion
employ
expected

flow

Vocabulary
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CHJIOBas mepejaya, repeaada SHEPruu
XpaHECHHE, COXPAHEHUE
BEIIECTBA, 3arPA3HAIOIINE BO3IYX
3aTOIUIEHHE, OOBOJHEHHE
CTa0UIBHOCTD, YCTOUYHBOCTh
TEXHUKO-DKOHOM. 000CHOBAaHHE
HOpPMa TPUOBLIH, TOXO/

OTKa4yKa BOJbI, 10JJa4a HACOCOM
B3pbIB, B3pbIBAHHE

MPUMEHSTh, YIOTPEOJIATH
0KUTaEMBIA

ITOTOK
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6.4 PROCESSES ASSOCIATED WITH COAL
EXTRACTION, LOADING AND TRANSPORTATION

General information

Coal extraction can be carried out by the following ways:

Mechanically — shearers, plows, pick hammers, drilling methods,
drilling-and-blasting operations;

Hydraulic method — using hydraulic monitors that have high-pressure
nozzles installed on them to disperse water jet on a seam, destroying it. The
pulp which is thus formed moves to shaft on special trenches by chute.

Extraction process includes not only seam destruction, but also
loading of a broken mineral. (On steep seams there is no necessity for
loading operations).

Coal extraction schemes
There are wide-web and a narrow-web types of mining.

Sheares with a web width more than 1 m are classified as wide-web
shearer, less than 1 m — narrow-web shearer.
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The extraction type during which the cutting member processes all
surface of working face, and a coal extraction direction coincides with a
longwall advance direction, is called as frontal.

The extraction type during which destruction of a coal strip is made by
the shearer moving along the working face perpendicularly to its advancing
direction is called as flank.

L

The narrow-web shearers working under the flunk scheme, can extract
coal using the one-way scheme with cleanup after a strip extraction, and
under shuttle scheme, extracting in both directions.

Characteristics of shearer

Shearers with screw (auger,
worm) cutting member, such as
1K101, T'I68, K103, K105, K120,
PKVY10, PKVY13, I'lI-600, YK/I-300
etc. They are quite simple by
construction  and  capable  of
separating the coal off the massive at
various thickness. Such shearers have
simple adjustment system of cutting
members position, high efficiency,
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can self-cut in a coal seam and load bigger part of the broken coal on a face
conveyor. However the disadvantage of these shearers is that they can
effectively be applied only on seams with resistibility to cutting not more
than 300 kN/m, produce big-size cuttings with size of 0 — 6 mm.

Strong and viscous coals with
resistibility to cutting more than 400
kN/m and are capable to be destroyed
by the shearers that have drum-type
cutting members with a vertical
rotation axis. Shearers KA80, KA90,
KA200 separate coal from the massive
with less energy consumption, can
improve extracted coal quality, quite

' stable on the conveyor. The main

disadvantage is a complex adjustment
system of the cutting member along the
seam thickness fluctuations.

Shuttle scheme of coal extraction

Using shuttle scheme of coal extraction the coal is extracted from the
haulage drift to ventilation drift and in a reverse direction.

The main advantages: the best use of a shearer in terms of consumed
time due to reduction of cycle duration; higher efficiency of the stope.

The main disadvantages:

1. Considerable volume of unloaded coal behind a shearer;
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2. The workers performing operations connected with the conveyor
advancing, longwall supporting, cleanup of coal during movement of
shearer against an air current are exposed to extremely unfavorable dust
circumstances;

3. The shuttle scheme of coal extraction is prohibited at coal mines
developing seams prone to sudden outbursts of coal and gas;

One-way scheme of coal extraction

LI

At one-way scheme of coal extraction the coal is extracted during
movement of shearer towards ventilation drift (bottom-up) and the loading
of the broken rock mass onto conveyor is implemented during movement of
the shearer towards haulage drift (top-down). Conveyor is moved behind
the shearer.

The reasons of using the one-way scheme are as follows: unfavorable
dust conditions during shearing, caving of “false” roof, intensive coal
sloughing, high gas content in the rock seams which are prone to sudden
outbursts, changeable thickness of coal seam, viscous and strong coal, soft
and prone to heaving bottom, high water content.

Disadvantages of the one-way scheme of the coal extraction are as
follows: regrinding of coal during its loading onto the conveyor and low
coefficient of shearer usage when extracting.
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Coal loading on the conveyor

For improvement of loading the coal on the conveyor, the cutting
members of narrow-web shearers are supplied with additional loading
devices.

All loading devices are divided into the aggregated with a shearer
(colters, strut and loading shields) and aggregated with a conveyor (static

loaders).

Colters are used for loading the coal over the conveyor edge.

Colter

The colter is located at a considerable distance from cutting heads -
from 0.3 m and more. In some case.

Strut and loading shields also reduce a part of unloaded coal on the

conveyor creating the closed space around a screw that allows to load coal
better on the conveyor.
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Strut and loading
shields

Shields and colters are applied in longwalls with stable roof rocks and
with an insignificant coal sloughing. Thus, colters and shields have limited
scope of usage and do not provide mechanized loading under all conditions.

Static colters are installed on the conveyor and provide bottom cleanup
between a face and the conveyor. These loaders are simple in design,
reliable during usage, do not demand reinstallation at preparation of a
shearer for extracting the new strip of coal, and the coal sloughing does not
restrict their application.

Static colters are successfully applied in the longwalls with even and
strong bottom.

1 — static colter; 2 — face conveyor; 3 —advancing thruster (jack);
4 — powered support console

Fig. 6.6 Structure of the static colter
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Questions

1. What equipment is used for coal extraction?

2. What coal extraction schemes do you know?

3. What shape of a cuting tool does a shearer have?

4. What is the difference between one-way extraction scheme from
shuttle scheme?

5. How is coal loaded onto the face conveyor?
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hydraulic monitor
high-pressure nozzles
water jet

wide-web shearer
narrow-web shearer
web width

coal strip

cutting tool

self-cut

viscous

drum

rotation axis

air current

prone to sudden out-
bursts of coal
one-way extraction
scheme

shuttle extraction
scheme

coal sloughing
bottom heaving
colter

scope of usage

to restrict

even
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6.5 BASICS OF LABOUR PROTECTION

Protection of the health and safety of employees from excessive or
undesirable stresses in the occupational environment is all important. These
hazards include reduced natural ventilation and light, difficult and limited
access and egress, exposure to air contaminants, fire, flooding, and
explosion.

i e

Ventilation is an important common denominator in most health and
safety design considerations in mines. In addition to the supply of fresh air
to the miners, the overall control of gas, dust, heat, and humidity problems
is achieved through the proper design of the ventilation system. Fresh air
must be supplied to all underground work areas in sufficient amounts to
prevent any dangerous or harmful accumulation of dusts, fumes, mists,
vapors, or gases. If natural ventilation does not provide the necessary air
quality through sufficient air volume and air flow, the employer must
provide mechanical ventilation to ensure that each employee working
underground has at least 5.7m’ of fresh air per minute.
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Open flames and fires are prohibited in underground construction areas
except as permitted for welding, cutting, or other hot work operations.
Smoking is prohibited unless an area is free of fire and explosion hazards.

Special air monitoring requirements

The employer must assign a
“competent person” to perform air
monitoring. If this individual
determines that air contaminants
may present a danger to life at any
time, the  employer  must
immediately take all necessary
precautions and post a notice at all
entrances to the underground site
about the hazardous condition.

Test for oxygen first

The competent person charged with air monitoring must test for
oxygen content before testing for air contaminants. All underground work
areas must be tested as often as necessary to verify that the atmosphere at
normal atmospheric pressure remains within the acceptable parameters of
19.5 and 22 percent oxygen.

Problems of noise and illumination, always a matter of concern in
underground workings, are being addressed through the identification,
development, and incorporation of specific design requirements for mine
machinery and mining environment.

Ground support of underground areas

A competent person must inspect the roof, face, and walls of the work
areas at the beginning of each shift and as often as necessary to ensure
ground stability. The ground conditions along all haulage ways and travel
ways must also be inspected as frequently as necessary to ensure safe
passage and loose ground considered to be hazardous to employees must be
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scaled, supported, or taken down.

Employees involved in installing ground support systems must be
adequately protected from the hazards of loose ground. Any dislodged or
damaged ground supports that create a hazardous condition must be
promptly repaired or replaced. The new supports must be installed before
removing the damaged supports.

Hazards, accidents, and disasters

The term hazard is used here to HiFEE
describe an unsafe situation in a mine. $
This may be an unsafe physical condition §
or unsafe acts of miners. For example,
methane is a source of hazard.

An accident is the realization of a @
hazard. If a large number of people are in &
fact killed, it is deemed a disaster.

Hazard control approaches

As distinct from practices in many other industries, the mine working
environment cannot be precisely controlled. Also the environment is
constantly changing. It is virtually impossible to foresee all the possible
hazards and therefore, to take precautions against each of them.

Medical examinations

Pre-employment physical examinations and periodic continuing
examinations are required to assure that employees’ health and physical
conditions are routinely monitored and documented. These examinations
may reveal physical problems such as hearing loss, loss of vision, heart
problems, arthritic conditions, lung impairment, etc.

Miner training must emphasize both general and job-specific health
and safety aspects and improvement of production and maintenance skills.
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The enhancement of personnel health and safety in mines requires an
understanding of the hazards and the requirements for their control. In
addition to the learning experience from the lamentable history of accidents
and disasters in mines, there is a critical need to reduce the risks of mine
hazards and resulting accidents through the application of such proactive
analysis techniques as systems safety analysis and disaster simulations for
the identification of new hazards.

Personal protective equipment

All underground workers must wear special
equipment which is: head protection — caps or
hats, cap lamps, eye and face protection — safety
spectacles or facepiece respirators; respiratory
protection (against dust); hearing protection — ear
plugs; foot protection — boots; clothing — cotton
overalls (sometimes with strips of reflective
material); belts — to carry lamp battery, self-
rescuer — respiratory protection which will help
the miner escape dangerous place in case of a
mine fire; gloves.

Fig 6.7 Self-rescuer

ﬁ.ﬁ

g

Fig. 6.8 Respirator Fig. 6.9 Cap-lamp Fig. 6.10 Ear-plugs
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Threats to life and health

Threats to a miner’s safety may arise from many sources: from falls of
roof, face, or side; from haulage or other machinery; from electrical
equipment, explosives, or ignitions or explosions of gases and dust; from
sudden inundations of water and gas; or from mine fires.

Consequences of inadequate control can be sudden and catastrophic —
such as injuries and loss of life through suffocation, heat strokes, and
explosions or slow and long-enduring such as lung diseases including coal
worker’s pneumoconiosis (CWP) or black lung.

Diseases such as silicosis, asbestosis, and pneumoconiosis are
associated with long-term exposure to high concentrations of silica,
asbestos, and coal dust, respectively. Bad water quality and the lack of
adequate lighting have also been associated with such diseases as
dermatitis.

Training requirements

All employees involved in underground construction must be trained to
recognize and respond to hazards associated with this type of work. The
following topics should be part of an underground construction employee
training program:

1. Air monitoring and ventilation;

2. [llumination,;

3. Communications;

4. Flood control;

5. Personal protective equipment;

6. Emergency procedures, including evacuation plans;

7. Check-in/check-out procedures;
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8. Explosives;
9. Fire prevention and protection;

10. Mechanical equipment.

Questions
1. What is ventilation?
2. Explaine what a “hazard” is?

3. What kind of protection do underground workers have to wear?
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safety
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Vocabulary

['letba pra'tekf(o)n]
[kon'vi:nton(t)s]
['serftr]

[o'sembl]

[1, velju'erf(o)n]
[pro'dakf(o)n rert]
[tu: gem]

[‘eartol fo'togrofi]
[sa'fif(o)nt]
[dar'lu:t]

[r'mu:v nokfos geeses]
[ions]

[rert ov rr't3:n]

oXpaHa Tpyaa
yI00CTBO, IPEUMYIIECTBO
0e30IaCHOCTD, HAIEKHOCTh
coOpaHHbIN, COCTaBHOM

OIICHKA, OTpe/IeIIeHrue(KauecTBa)
MPOHU3BOAUTEIBHOCTh

MoJIy4aTh, JOOBIBATH
a’podoTocreMKa

JIOCTATOYHBIHN, aJIeKBATHBIN
paz0aBiATh
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6.6 MINE ABANDONMENT

Mine, like other companies, has 3
these periods of development: -
design, building an-TSS, :

development of design capacity,
maintenance, fade-outs, pit closure '
and liquidation. All periods of s
activity followed by mine design.
Almost every period developed
relevant project documentation. In
practice, often use the notion of “pit
closure” and “mine abandonment”,
understanding one and the same
meaning. But these are different
concepts.

Define the concept of closed and abandonment mine

Closed mine — stop any processes that
ensure coal. Depending on the machinery,
equipment, cables and piping dismantle or
leave them in the workings. Isolates near
wellbore  yard all revealing and
development workings concrete bridges.
Works during the closure of the mine — a
preparatory work for the elimination of the
mine shafts or create near wellbore in the
workings of the court facilities freelance
destination if defined project. Some surface
objects can be reconstructed to create a
production of the relevant products. Other
objects are eliminated, and free the
industrial area of mine ordered.
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Abandonment mine — s
completely eliminated all mine
workings, including shafts and
surface mine sites and industrial
area orderly and can be used to
construct other objects.

The decision to close the mine develop pre-feasibility study “On the
feasibility of further work mine” or FS “further development of the mine”.
In doing feasibility analysis of residual coal reserves, technical and
economic performance of mine for the last 2 — 3 years, the strength of all
the workers at the mine qualifications. Identify measures to granulated
residual inflammation sat coal and negative impact of the mine on the
environment.

Structure and Content of supplying
and making design decisions standing
orders relevant regulations, “Safety in
Coal Mines” (SCM), Standard ministries
project to the coal mines of Ukraine.
“Structure and content of the project”
(REB), “Rules for the elimination of
% barrels of coal mines” (instruction)
(SPLM), “of ensuring explosion while
filling barrels of coal mines” (Manual)
(Sv). Following along with the full name
! of the instrument will wuse the
- abbreviations listed in parentheses.

Basic terms and concepts adopted in the regulations

1. Mine abandonment companies involves measures to stopping
economic activity , bringing its assets to a state that guarantees the safety of
people, property and the environment, social protection of displaced
workers, as well as addressing other social and economic issues.

2. The waiting period — the period of construction (expansion)
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dewatering the mine. During this period the mine liquidation objects that
are not work-related low tide.

3. Abandonment pit shaft — of
the work of filling the free volume
of logs or backfill material,
construction of bridges (slabs),
jumper, other means to stop the
drag due to the existing mine
workings, as well as ensuring long-
term stability of underground

Lol

structures and designs (attachment)
to prevent dangerous strains the /,!/ '
earth's surface. £

4. Physical elimination of mining companies involves performing work
on deinstallation of machinery and equipment, power lines and
communication technology, backfilling shafts, pits and down hole and other
mining, demolition of buildings, structures and the implementation of
measures aimed at solving the problems of drainage.

5. Assessment of environmental impact (AEI) — scoping and decision
impact on the environment and economic activity that is planned , and
developing measures to prevent or mitigate the identified impacts design
decisions in terms of security environment.

6. Dangerous deformation of the
earth surface — a sudden draft, failures at
the earth's surface around the collar of
the liquidated pit shaft to form the bell-
= pit (crater), which was formed as a
¥ result of the destruction of underground
facilities and structures barrel, which
eliminated.

7. Area of permanent control — part surface in the placement eliminated
collar, which over time can cause a dangerous strain of the earth's surface.
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8. Backfill material — dry, lumpy (250 mm) nonflammable material,
which is used to fill the collar (non-flammable rock piles, rubbly material,
grit of building materials, concrete structures).

9. The jetty (board) ceiling barrel — solid concrete unattended design
(diaphragm), which is constructed in vertical and steep shafts and relies on
bedrock or barrel mounting and is designed to provide long-term quasi-
static equilibrium overlying rocks and underground structures.

10. The platform (board) ceilings orifice barrel — solid concrete slab
with an angle of inclination of more than 35°, which is built on the mouths
of the barrel to isolation and exclusion of access to abandonment mines. At
the collar of the platform floor Barrel establish permanent signs, rappers,
discharge, and vapor pipes.

11. Isolation Maintenance-free jumper — tubular air no penetrating
structure that is erected in the barrel at an angle up to 60°, completely
covers the roadway cross-section and is designed to prevent displacement
backfill material and aerodynamic connection with the termination of the
current workings of the mine or abandonment.

12. Area gas mode — the mines, hazardous gas, plot the surface of the
earth within a radius of at least 25m from the center of the liquidated barrel.
Equipment, machinery and mechanisms that operate in the area of sleep
logs should be explosion-proof.

These terms and their meaning defined
regulations that use the development of project
documentation. The project developed after the
appropriate authority decided to eliminate mine.
The project not only developing technical
solutions and measures to reduce social and
economic tensions owing to elimination mine.
The elimination of the mine causes social and
moral and psychological stress in the
surrounding population, and especially in the
former mine workers. Therefore, the feasibility
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study “On the feasibility of further work-you mine” to develop measures to
mitigate the tension between collective mine and the surrounding
population. Therefore, these activities after approval of feasibility study,
but necessary to bring employees to the mine, and they will form the basis
for further expansion of and justification for the project. In addition, after
approval of the project, prior to the liquidation of the mine to the mine site
and other public places to show a larger scale master plan for orderly
industrial area drop-out mine. In addition, you must publish the draft
measures designed to mitigate the social and psychological stress in the
mine workers and the surrounding population.

Developed based on research design solutions and rigorous execution
of their significantly reduce the negative effects of the elimination of the
mine.

To develop the project closure
and liquidation of  specific
designers you learn detailed
mining and  hydro-geological
conditions of existing adjacent
mines, a system of mine workings L
of each mine and the relationship
between them, the values of barrier
pillars between mine territory
fields, inspect the surface structure
and buildings and equipment
which they have placed. Based on
the analysis made determine the
type of mine that closed.

The first type. Mine wound up completely: all abandonment mining,
construction and liquidated building industrial site of mine;

Second type. Mine wound up partially disposed shafts, one shaft sump
fitted as water storage tank, mounted two pipelines, which are artesian
pumps for pumping mine water, removed the buildings and building
industrial site other than those intended for maintenance of pumping mine
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water;

A third type. Mine is on the dry conservation (with or without
reconstruction reconstruction and excavation equipment): industrial mining
process stopped nearwellbore workings isolated from all revealing and
development workings, as well as those nearwellbore developments that are
designed for long-term or short-term pumping of mine water. Objects mine
surface eliminated except those served by the water pump system.

Type the mine closed establish
on the basis of analysis of the
impact of full elimination of mines
adjacent to  existing mines,
establish  the  possibility of
receiving the flow of water
abandonment  mines  adjacent
applicable. In this case, determine
the need for reconstruction of the
relevant groundwater and surface
pumping units.

The first step is to prepare the liquidation of mine to eliminate
revealing and development workings.

Eliminate revealing and narrow roadway

From excavation equipment dismantled for re-uses after repair or sit in
the scrap. Economic calculation established that this type of formulation is
not reasonably repay, they should be left in the condition in which they are
at the time of liquidation of the mine. Therefore, the estimate of supplying
not expected savings from the sale of metal coal mines.

Eliminate pit workings

Eliminate pit excavation begins construction of concrete bridges that
protect wellbore yard of excavation combined with it. Hardened jumpers
constructed of reinforced of concrete or concrete blocks to high-strength
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solution for combinations revealing the workings of the mine field
excavations wellbore court.

Explosionproof
jumper

Shaft Ne2

, Explosionproof
jumper

Isoleted
Jamper ‘
Isoleted

jamper
E*{ plosionproof

Jumper

Fig. 6.11 Location of concrete jumpers at liquidation pit-bottom the pit shaft
Layout of plan mine abandonment pit shafts

In the “Rules of Safety in Coal Mines” indicates that vertical and
cragged pit-shafts and boreholes with a diameter of 200 mm or more, which
have access to the surface must fully backfilled non-combustible, non-toxic
materials. One of the important problems of elimination pit shaft — is to
ensure their long-term sustainability. Ways to eliminate barrels should
ensure their safe long-term resistance to impact processes that occur during
deboning rocks across the mine field.

Eliminate day-eye

In accordance with slanted and horizontal excavations that have exits
to the surface, removed in the construction of insulating formulation of two
abutments (brick, stone or concrete) and the space between them is filled
with rock.
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1 — jumper in day-eye, 2 — place the construction of day-eye in the collar of the pit
shaft; 3 — burr mill and classifier rock 4 — compressor or air blast, 5 — electrical distribution
point, 6 — ducting to transport fragmentary roche, 7 — a device for determining the
direction of ore laying, 8 — brush guard, 9 - ducting and installation for irrigation dispersed
crushed breeds, 10 — vent ducting, 11 — ducting drainage of gas, 12 — concrete floor estuary

Fig. 6.12 Technological scheme the elimination day-eye trunk with the use complex
manufacture "Titan"

The first jumper constructed at depths of Earth's surface to the hanging
layer of roadway at least ten times the height of the rough workings, and the
second - at 10m from the collar of the roadway. After the construction of
the first bridge roadway feed breed presented in the surface. Fixing day-eye
trunk between the ridges and the surface is not dismantled, and in some
cases strengthen.

The elimination of day-eye

With the elimination of day-eye trunk have the option of full control
over the quality of foundation roche roadway. With the liquidation of day-
eye the process of filling his breed almost uncontrollable.
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In the regulations provides for the possibility of use of two methods of
elimination pit shaft of concrete, reinforced concrete and circular closed
support: complete filling of free volume pit shaft and incomplete filling —
just between the pit shaft and the collar of the pit shaft. According to the
“Rules of elimination pit shafts of coal mines” states that the decision by
the method of elimination of pit shaft received a committee based on
assessment of the actual state of pit shaft and lasting stability pit-bottom
solid.

According to the current norms we

7 6 consider a model with a full pit shaft liquidated
5 his sleep free volume (Fig. 6.13). For flowing
free volume pit shaft 1 is recommended to

g apply loose, lumpy (250 mm) non-flammable

::-;: ! material, grit piece construction materials and

o concrete structures. When falling asleep pit

shaft rules stipulated in the zone of conjugate 2

it ; with horizontal and crut generate thrust gravel

4. s layer 3 of the strength of not less than 20 MPa,
S and the battle of building materials lumps up to

S 250 mm. The purpose of thrust bed - preventing

R the spread of the filling material in the

. 3 EmE__ excavation that filling with the barrel. Bearing
- \ ; : PS.0 M layer — is the amount of material which fills pit
o nn < >hc shaft in the zone interface, and material that

— 'y fills in the fall of conjugation. Height anchor
B \ /113 layer as the sum of the depth of dib-hole h3

- lower horizon, high coupling HC plus 5m over

Fig. 6.13 Model of it. At intermediate horizons sole thrust layer is
liquidated pit shaft created on the material plane 4, which poured

all the free volume of pit shaft in addition to the
zone interface. As the regulations are not defined a way to monitor
compliance with the above values and whether to exercise such control.

Floor slab pit shaft 5 — a reinforced concrete structure, which should
provide a perception of a uniformly distributed static load weight material.
Between the floor slab pit shaft 5 and collar 7 covered with material 6
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fraction less than 10 cm after backfilling material is desirable to make
tamping cavity cement-sand mortar. In calculating the parameters of plates
taken factor of 2 for the mass of material. After filling pit shaft of the floor
slab to construct collar iron-concrete slab floor hatch for 7 fill up to backfill
material in the event of subsidence.

6

)
9
Lo

2

[ 9

1 — Pit shaft; 2 — equipping; 3 — platform of overlaping collar; 4 — dolly way;
5 — flow defile; 6 — hauler; 7 — drift material; 8 — de-stressed zone

Fig. 6.14 Design of pit shaft

When designing slabs collar 7 calculations performed on uniformly
distributed load of at least 10 kPa.
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As mine liquidation projects used mainly two ways to sleep pit shafts.
Transportation prepared material (selected from large lumps) of the
flyovers dump dump in pit shaft (Fig. 6.15);

1 — natural spoil dump 2 — bucket excavator 3 — point training rocks, 4 — pit shaft,
5 — Gas-pipe, 6 — dump 7 — bulldozer, 8 — rock loader machine; 9 — transport pan.

Fig. 6.15. Backfill technology using pit shaft assembly.

Eliminate pit shafts without full filling

The elimination process pit shaft without fully laying consists of the
construction of reinforced concrete slabs pit shaft at around bedrock, fill
backfill material free volume of the slab erected to day surface and
construction of reinforced concrete slabs mouth of the barrel.

The decision on how to eliminate pit shaft without fully sealing adopts
special commission, which examines pre barrel. According to a survey
commission is an act that project developers have the original data to make
technical decisions in the development of the project.

Design liquidation of objects surface mine complex

Type closed mine determines appropriate solutions to eliminate objects
as the industrial area and beyond. Depending on the condition and
maintenance of the project structures of defined sequence and how to
eliminate them: Partial disassembly, collapse or explosion.

With buildings dismantled equipment, and then eliminate them.
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Surface buildings and facilities planning dismantled following markings
industrial area of at least 0.3 meters from the industrial area located
underground concrete or reinforced concrete channel blocking off
construction, dismantle or leave them in the pipes and cables, and then they

fall asleep (Fig. 6.16, 6.17).

After the elimination of all surface facilities site ordering and transfer
to local authorities for further use.

Fig. 6.16. Headframe elimination of mine "Kocheharka"
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Fig. 6.17. Dilapidated buildings remaining on the abandoned mines

Questions

1.

2.

Explain the concept of closing a mine.
What is the procedure for liquidation of a mine?
What is the main reason of mining companies liquidation?

Explain the concept of physical abandonment of mining
companies.

Explain what dangerous deformation of the earth surface is.
Expand the concept of zone control.

Expand the concept of backfill material.
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Pit shaft
equipping
platform
dolly way
flow defile
hauler

drift material
de-stressed zone
transport pan
backfill
day-eye
ducting
narrow

case off
abutment
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6.7 LAND RECOVERY

The development of the mining
industry, as well as reclamation of
disturbed areas and re-use them, on the &
one hand depends on the natural .=
conditions, and on the other side — from " z&
a modern technology state ,technology,
the level of knowledge in the field of

environmental management, ecology &
and mining. Influence of the mining
industry on the environment depends =555 s
from the level of science and equipment, pubhc regulations, and other
natural conditions. In addition, the results of mining operations should be
separated in space and time.

Impact of the adoption of the
mining method of development on
the atmosphere and hydrosphere
essentially depends on the area of
the surface outcrop slopes and
ledges, i.e. the parameters of the
space  generated during the
operation of a career, and
~ = consequently the residual gob after
o = - 5T the development of the field, which
depends on the apphed equlpment hlS parameters and the accepted mining
method.

In liquidation, reorganization or conservation, the general provisions,
consistent with the economic state of the state, as well as the following
features open-pit mining:

e Mining refers to the base because all the final products, translational
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coming to the consumer is directly used or modified form products
processing industries;

e The object of labor mining industry is by design, regardless of the
people and was not created by their labor as opposed to
manufacturing and other industries;

e Minerals are not reproducible, mineral deposits other than large
variety of nature and their position in space, are initially
uncontrollable factor in the sense that it cannot be altered by man,
and he is forced to adapt to them.

The above gives reason to believe that the termination of the mine
(closing it) can occur under the following conditions:

e Depletion of mineral resources;

e Technical difficulties of operation,
leading  to a significant
deterioration of economic results
of the company for a long time;

e The lack of demand for the
products of a career now and the
foreseeable future;

e The appearance on the market of
cheaper products for the same
purpose and the quality (or a high-
quality) and the inability to make
their products more competitive;

e The emergence of substitute products (substitutes), so that the
products of a company is losing market;

e The negative impact on the environment, which cannot be prevented
or significantly mitigated by known methods, or their
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implementation is associated with very large costs;

e The deterioration of the natural qualities of the mineral, which
causes it to uncompetitive, and the production makes ineffective.

The reason for the suspension of a career (conservation reserves) may
be the following circumstances:

e Technical difficulties and = A ———
quarrying (as long as it will
be found effective means to
overcome oOr mitigate to
acceptable limits);

e A temporary lack of demand
for manufactured goods,
when there is reason to
believe that such demand
will resume;

e The negative impact on the
environment, provided that a
certain time, it can be neutralized
or mitigated to acceptable limits;

e The deterioration of the quality
of natural mineral if there is
reason to hope for the emergence
of new  technologies  of
production, processing or use of
minerals that will raise its in the
effective production.

Duration of conservation of stocks depends on the specific conditions
of each company: the current situation and the degree of influence of the
factors that determine the closing of quarries.
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Socio-economic and environmental impacts of conservation and
closing career

Closure of the business must : - —_—
be preceded comparing the socio- . 1@»“
economic  and  technological ; - .- =, -
options assessment closing with =L
opportunities to continue working
for the selected payment reference
period — the minimum length of
time over which can take into
account all the main features of the
options under consideration. In
particular, the current period should include of time on the performance of
all work and organizational measures to close a career, as well as events
that require significant or have a significant impact on the amount of
current investment costs. For example, if it turns out that the extension of
the mine requires replacement of major equipment, a large amount of
overburden removal or will occur in the changed mining activities
conditions, etc. The calculation period have to be selected so as to be able
to assess these factors. At the same time the reliability of events
considerably distant in time is reduced, it is desirable for practical reasons
to establish the duration of the calculation period in the range 10 — 15 years
and only under especially difficult and abruptly dynamic process, this time
can be increased to 20 — 25.

S -

In the feasibility study is to be
determined the value of all work
related to the closure of career,
according to the above list. And if
necessary, it cannot reasonably be
changed, including the cost of the
time (within the billing period),
when the quarry virtually will not
work, such as environmental
monitoring, benefits, etc., as well as the main technical and economic
performance of the Company if it will continue.
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After the approval of feasibility studies are developed to the extent
necessary working drawings and construction documents.

The term “preservation stock” is not
sufficiently unique, it requires verification,
as well as its relation with the closing of
mines. The suspension of operations of the
mine pit or may occur for a variety of
reasons, including, for example, due to a
drop in demand for the products. In the
conventional understanding stopping short
of the mine or mines do not consider .
conservation reserves, but the boundary @
between the “short-lived” and “long” length
of time is highly conditional and uncertain.

But suppose that it was equal to five years, then it turns out that if the
mining in the quarry suspended for 5.5 years, it is — conservation reserves,
and 4.5 years if it stops working, not preservation. To exclude these
different interpretations should be possible to distinguish between the close
of his career and conservation reserves. Obviously, the most distinctive
feature of delimiting — the renewal or non-renewal of the mine. This is a
necessary condition but not sufficient. If we imagine that pit stops for two
days, according to the above condition is that it “preserves” their holdings
at the same time, with what can hardly be accepted. Preservation of stocks
involves their reactivation, that is, the performance of two work packages
aimed respectively at making careers prepare to stay in working order, and
then bring it back to working condition, and not necessarily in the form of a
replica of the enterprise, which was suspended.

Reclamation planning framework

Earth mining sites in mining are subject to change on the structure of
the relief, ecological state of soils, parent material and are subject to
reclamation.
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Areas of land reclamation depends on the types of future land use. Is
divided in six main areas:

e Agricultural land areas —
arable land, hayfields,
pastures, perennial planted
by the Board;

o Forest land areas —
afforestation general
economic and climbed the
protective purpose;

e Ground water management areas — ponds for domestic, industrial
purposes, irrigation and ponds;

e Recreational land areas — recreation and sports, parks and forest
parks, ponds long recreational purposes, hunting grounds, tourist
centers and sports facilities;

e Land conservation and sanitary
areas — or sodded areas of floods,
erosion forest stands, enshrined or
preserved by technical means,
overgrowth areas — especially not
being landscaped for use in
commercial or recreational
purposes;

' e Building land areas — areas for
- industrial, civil and other
construction, including the
placement of waste dumps (rocks,
building the dirt, tailings, etc.).

In line with its strategy of sustainable development, the Laws “On
Land” and “On the natural-reserve fund” and other laws of Ukraine
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disturbed land, are not suitable for traditional agricultural use (if they are
translated into this category requires a lot of site restoration costs) should
be phased out as intended and are classified as land for the restoration of
other land uses.

It disturbed lands are no longer in the original value, all of the land
with the removed or blocked off humus horizon, not suitable for use
without restoring fertility.

Process industries Types of Violations (man-made objects)
I. Excavation Career

Trench

Dish

Interceptor ditch

Utility lines (piping, road i.e.)
II.  Storage of Warehouse minerals
minerals, day lighting  Conditional ore dumps
breeds and enrichment Overburden dumps
waste Tailing and sludge depository
Enrichment waste / processing of minerals
Disposal area
Dumps placer working off dredges

By the nature of the disturbance by mining the upper layers of the
Earth's crust can be divided into three main types:

e A career, a variety of trenches and pits,
ditches and other open-pit expression
processing , as well as the collapse,
cracks, etc.;

e With the bulk soil — dry waste dumps,
disposal area, tailings dams, expensive-
gi, areas covered with overburden or
waste rock production;
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e Flooded by groundwater — septic tanks and reservoirs for various
purposes, axial trough Denmark, as well as the residual space
developed with subsea.

Quantify the degree of disturbance of the surface can be characterized
by the volume of seizures, Dumping per unit area, as well as the size of the
area of violation, the depth of excavation or subsidence, soil descents,
linear violations — the length and width of disturbed area.

The main influencing factors are: the method of production, the system
design, physical and mechanical properties of rocks, angle, power and
depth of mineral resources; terrain within the career field, etc.

Reclamation objects in the quarries are:

e Developed space mining;

e Internal and external waste dumps;

e Embankments, dams, drainage
ditches and upland;

e Septic tanks and tailings processing plants;

e Areas of land occupied by railways and roads, highways and
pipelines, etc.;

e Industrial sites and other facilities that after the liquidation of the
mining enterprise cannot be used in the national economy.
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Strategic directions reclamation

The main strategic directions of mining companies in the reclamation
areas disturbed by mining, they
are:

e Science-based transforma-
tion of recovery patterns of
land disturbed by mining
activities in order to create
a Dbalanced relationship
between different types of
land  (ecosystems) and
environmental safety;

e Increasing the proportion of farmland extensive use (hay and
pasture) with respect to evidence-based indicators and taking into
account regional and local singularities;

e Expansion of the areca of forest
shelter belts and other loess
protective plantings with respect to
evidence-based indicators and
taking into account the livelihoods
and health of the population in the
region;

e The creation of new areas and the
expansion of existing areas, objects
of nature reserve fund;

e Creation of conditions for the continuity of natural areas and the
formation of environmental corridors;

e The creation of ecologically balanced living space near human
settlements by increasing the share of public green space (at least
20 m? per resident);
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e Ensure the development and diffusion of new environmentally
sustainable land management technologies;

e Development and implementation of economic instruments
promoting subsoil users to conduct environmentally sustainable
activities at all stages of the life cycle of birth — place operation.

When addressing these issues, special attention should be paid to the
soil as important a resource for everyday life, as well as the need to
convince the public that the soil needs for the Protection and careful use.

Questions

1. What disturbed areas reclamation depends on?
2. What lands are called disturbed?

3. What are main directions of reclamation?

4. What are objects of reclamation in an open-pit?
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pit shaft
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platform
dolly way
flow defile
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drift material
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transport pan
backfill
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Chapter 7

7.1 DRILLING

Drilling is a cutting process that uses
a drill bit to cut or enlarge a hole in solid
materials. The drill bit cuts by applying
pressure and rotation to the workpiece,
which forms chips at the cutting edge.

Rock drilling, in the field of blasting,
is the first operation carried out and its
purpose is to open holes, with the
adequate geometry and distribution within
the rock masses, where the explosive

initiating devices.

The systems of rock drilling that have been developed and classified
according to their order of present day applicability are:

e Mechanical: Percussion, rotary, rotary-percussion.
o Thermal: Flame, plasma, hot fluid. Freezing.

e Hydraulic: Jet. erosion, cavitation.

e Sonic: High frequency vibration.

e Chemical: microblast, dissolution.

e FElectrical: Electric arc, magnetic induction.

o Seismic: Laser ray.

e Nuclear: Fusion, fission.
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One of the most used method for drilling of deep boreholes, i.e.
mechacical: rotary.

The main components of a drilling system of this type are: the drilling
rig which is the source of mechanical energy, the drill steel which is the
means of transmitting that energy, the bit which is the tool that exercises
that energy upon the rock, and the flushing air that cleans out and evacuates
the drilling cuttings and waste produced.

The principal physical rock properties that have influence upon
penetration mechanisms and, as a consequence, on choice of the drilling
method are:

e hardness

o strength

o clasticity

o Dplasticity

e abrasiveness

® fexture

® Structure

A drilling rig is a machine which creates holes (usually called bore-
holes) and/or shafts in the ground. They sample sub-surface mineral
deposits, test rock, soil and groundwater physical properties, and also can
be used to install sub-surface fabrications, such as underground utilities,
instrumentation, tunnels or wells. Drilling rigs can be mobile equipment
mounted on trucks, tracks or trailers, or more permanent land or marine-
based structures (such as oil platforms, commonly called 'offshore oil rigs'
even if they don't contain a drilling rig). The term "rig" therefore generally
refers to the complex of equipment that is used to penetrate the surface of
the Earth's crust.
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1 — Mud tank; 2 — Shale shakers; 3 — Suction line (mud pump); 4 — Mud pump;
5 — Motor or power source; 6 — Vibrating hose; 7 — Draw-works; 8 — Standpipe;
9 — Kelly hose; 10 — Goose-neck; 11 — Traveling block; 12 — Drill line; 13 — Crown block;
14 — Derrick; 15 — Monkey board; 16 — Stand (of drill pipe); 17 — Pipe rack (floor);
18 — Swivel (On newer rigs this may be replaced by a top drive); 19 — Kelly drive;
20 — Rotary table; 21 — Drill floor; 22 — Bell nipple; 23 — Blowout preventer (BOP)
Annular; 24 — Blowout preventers (BOPs) pipe ram & shear ram; 25 — Drill string;
26 — Drill bit; 27 — Casing head; 28 — Flow line.

Fig 7.1 Drilling rig
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Drill rig with basic structural components

crown block

derrick

traveling block
lifting hook

kelly

rotary table

drilling dravworks

substructure

tengine

vibrating & mud pump

mudscreen |
]

impervious rock

Mud injection hose. Flexible hose that introduces the drilling mud into
the swivel.

Anticline. Geologic stratum that results from the convex folding of
rock formations; large pools of oil often accumulate in it.

Impervious rock. Layer of impermeable rock that covers and protects
the oil deposit; it prevents hydrocarbons from migrating into other rocks.

Oil. Flammable, relatively viscous oily liquid that is used as an energy
source; it 1s made up of various hydrocarbons resulting from the
decomposition of plant life over millions of year.
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Gas. Mixture of gaseous hydrocarbons (mainly methane) that are
found in underground deposits, which sometimes also contain crude oil; it
is used mainly as a fuel.

Engine. Device converting the combustion of fuel and air into
mechanical energy.

Substructure. Metal infrastructure that supports the derrick, engines
and auxiliary equipment.

Traveling block. Movable mechanical device with pulleys; it is
attached by cable to the crown block and fitted with a lifting hook.

Drill pipe. Hollow steel rods that are joined together according to the
depth of the excavation; their rotation activates the bit.

Drill collar. Heavy steel tube immediately above the bit that applies a
certain weight to the bit to help it cut into the rock.

Bit. Rotating drill bit with toothed steel or diamond wheels; it bores
into rock to break it up and drill a hole.

Rotary system. Drilling device in which a kelly is attached to a rotary
table; with the help of powerful motors, it transmits the rotative movement
to the kellies.

Rotary table. Circular table that is moved by powerful motors; it
transmits its rotative movement to the drill pipes by means of the kelly.

Kelly. Special square rod that is screwed to the top of the drill pipes
and driven by the rotary table.

Offshore drilling

In a broad sense, operators drill two basic types of wells—exploratory
(to find new oil or gas deposits) and development (to prepare the discovery
for production)
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Before drilling an exploratory well,
an operator will conduct geologic
surveys of an area to determine the
potential for oil or gas deposits and to
identify  specific targets. The oil )
company chooses the location and | : B B e
supervises the operation, which may take ZEEzis SR
as little as 15 days or as long as 12 S
months, of round-the-clock, seven-days-
per-week operation to drill a single well
depending on the complexity of the

project.

Exploration diamond drilling is used
in the mining industry fo probe the contents
of known ore deposits and potential sites. By
withdrawing a small diameter core of rock
from the orebody, geologists can analyze the
core by chemical assay and conduct
petroilogic, structural and mineralogic
studies of the rock.




7.1 Drilling

361

Drill pipe

tracted
k core

Diamond
. drill bit

The effectiveness of a drill bit
varies by formation type. There are
three types of formations: soff,
medium___and __hard. A  soft
formation includes unconsolidated
sands, clays, soft limestones, red
beds and shale. Medium
formations include calcites,
dolomites, limestones, and hard
shale. Hard formations include
hard shale, calcites, mudstones,
cherty limestones and hard and
abrasive formations.
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Questions

1.

2.

What is drilling?

What types of drilling do you know?

. What is the most widespread drilling method?
. Name major properties of rocks.

. What is a drill rig?

. Explain the meaning of an impervious rock.

. What is gas?

. What is bit used for?

. What is exploration diamond drilling used for?

10. Explain what core of rock is.
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cutting process
drill bit

work piece
chips

cutting edge
explosive charge
percussion drilling
rotary drilling
rotary-percussion
drilling

mechanical
thermal

flame
hydraulic

jet

sonic

high frequency
vibration
chemical
micro blast
dissolution
electrical
electric arc
magnetic induction

seismic

laser ray
nuclear

fusion

fission

drilling rig

drill steel

bit

flushing air
drilling cuttings
as a consequence
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[m1 kaenikl]
[Bomml]
[flerm]
[hat'dro:l1k]
[d3et]
['sonik]
[har 'fri:kwans1
var breifon]
‘kemikl]
bla:st]
diso'lu;fon]
1'lektrikl]
1'lektrik a:k]
meg netik]
m'dakfon]
‘sarzmik]|
‘lerzar rei]
‘njuklror]
‘fjuizon]

‘fifon]

“drilm r1g]

dril sti:1]

bit]

flaf ear]

‘drilm "katig]

&z o 'konsikwans]

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

mpoIiecc pe3anus, pyoku
OypoBoe cBepio (OypoBast Ko-
pOHKa, J0JIOTO), TOJIOBKa Oypa
3aroTOBKa, 00padaThIBaeMast
JIeTab,

OypoBas ctpyxka (syn. drilling
cuttings)

pexylias KpoMKa, Kpa
3apsij B3pbIBUATOrO BEIIECTBA
ymapHoe OypeHue
BpalaTeabHoe OypeHue
yAapHO-BpamiaTesbHoe Oype-
HHe, BpalaTeIbHo-yJapHoe
OypeHue

MEXaHUYECKHUI

TEIJIOBON, TEPMUYECKUI
Iams

TUPABINICCKUAN

CTpysI

aKyCTHYECKH, 3ByKOBOU
BBICOKOUACTOTHAsI BUOpAIUs

XUMHUYECKUH

MHKpOOJIacT

pacTBOpPEHUE, pa3yloKeHHE
3IEKTPUUECKUN
JJEKTpUYECKas Ayra
MarHuTHas MHIYKUIUS

CENCMHYECKUH

Ja3epHBIN Ty4

SIEPHBINA

TUTaBJICHHE, TJIAaBKa
paclieruieHue, JefieHne (sapa)
OypoBasi ycTaHOBKa, Kapera
OypoBas mTaHra

KOpOHKa

MIPOTyBOYHBINA BO3ITYX
OypoBas cTpykKa

B pe3yJibTaTe



364

Chapter 7

hard ness
strength
elasticity
plasticity
abrasiveness
texture
structure
bore hole

fabrications
underground utilities

marine-based structure
oil platforms

flexible hose
extensive dimensions

to expose
conventional

to penetrate

down hole instrument
to transmit

assembly

rotational torque
wire line

logging
to steer

employment
to obtain

down hole motor
Mud tank

Shale shaker

Suction line
mud pump

[ha:d]

[strenO]

[1laes tisttr]
[plaes tistti]
[2'breisivnos]
[ 'tekstfor]
['straktfar]
[bo:r houl]
[faebrt ketfons]
['andograund]
[ju: trlrtr]
[ma'ri:n bers]
['straktfor]

[o1l 'pleetfoms]

['fleksabl houz]

[1ks tensiv]

[dar' menfons]

[tu: 1ks pouz]
[ken'venfonl]

[tu: ‘penttrett]

[daun houl 'mstrumont]
[tu: treenz ' mit]
[o'sembli]

[rou 'terfonl to:k]
[ waroar lain]

[logm]

[tu: stror]
[1m'plormont]
[tu: ob'tein]

[daun houl 'moutor]
[mad tenk]

[Je1l feik]

['sakfon lam]
[mad pamp]

TBEPJOCTb, KPETOCTh
MPOYHOCTH

yIpPYrocThb

[UIACTUYHOCTh

a0bpa3suBHOCTh

TEKCTypa

CTPYKTypa

ckBaxxuHa (syn. hole; well —
OypoBasi CKBa)XKHHA, UCTIOJIb3Y-
eMas pu 1o0brde HeTH)
KOHCTPYKIIMH

oI3eMHOE 000PYIOBaHUE,
yCTpOWCTBa

waTgopma Ha Boze (He(Ts-
HBIC BBIIIIKH)

HeTAHBIE MTaTGOPMBI, BBIII-
KU

THOKWH UTaHT
OOIIMPHBIE/IIMPOKUE pa3MEPhI

00OHaKaTh

CTaHJAPTHBIN, OOIETPUHSITHIN
MIPOHUKATh, TPOHU3HIBATH
3a00UWHBI HHCTPYMEHT
TepenaBaTh, MOCHLIATH
MOHTaX, cOOpKa, arperar,
YCTpPOMCTBO

KPYTAIIAA MOMEHT
MPOBOJIHAS JIMHUS, BCIIOMOTa-
TEILHBIN KaHAT

KapoTaxK, TeOPU3NIECKOE UC-
CIICIOBaHUE B CKBAYKHUHE
YIPAaBIISATh, PYKOBOJWTD
MPUMEHSTH, YIIOTPEOIIAThH
oJIy4aTh, 100BIBATh, IPHOO-
peraTh

3a00MHBIN JBUrATEIb
pesepByap A1 0ypoBOro pac-
TBOpa

BHOPAITMOHHOE CUTO TS 0Y-
POBOTO pacTBopa

BCACBIBAIOMIHNHA TPYOOTIPOBOT
[IUIaMOBBI Hacoc, OypOBOA
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vibrating mud screen

debris
swivel

derrick
pipe rack
drill line

crown block
standpipe
pulley
goose-neck
mud pit

Kelly drive

Drill floor
Blow out preventer

Drill string

Casing head
Rotary system
drawworks
kelly

traveling block
drill collar

rotary table
rotative movement
round-the-clock

to probe
withdrawing

core of rock
chemical assay
formation type
unconsolidated
red beds
impermeable rock

[var brertmy mad skri:n]

['debri:]
[swivl]

['derik]
[parp raek]
[dr1l lain]

[ 'keelr drarv]

[dr1l flo:r]
[blou aut pr1'vente]

[dr1l strim]

‘kerst hed]
‘routart 'sistom]|
‘dro:ws ks]
‘keelr]

‘traevolm blok]
dril "kolor]

routart ‘terbl]
mu:vmant|

5
[
[raund &9 klok]
[tu: proub]
[w10'dro:]

ko:r ov rok]
‘kemikl o'ser]

o 'meifon taip]
An kon'solidertid]
red bedz]
1m'p3:mjabl rok]

—

Hacoc, TpsI3eBOil Hacoc
BHOpaMOHHOE CUTO

00JIOMKH TIOPO/T, 00JIOMOYHBIH
MaTepHuan

IIAPHUPHOE COCAMHEHUE, MPO-
MBIBOYHBIN CATbHUK
MAauTOBBIN KpaH

CTeJUIax Ui TpyO

OypoBoii kKaHaT, pabounii Ka-
HAT

KPOH-0JI0K

BOJIOHANOpHas Tpyda

POTHK

KOJICHO

OTCTOHHUK, ambap aiist Oypo-
BOTO PacTBOpa

nepenaya BpamieHus: 6ypoBomMy
CHapsIy TP TIOMOIITH BETY-
et OypoBoit TpyOsI

OypoBas ruromiaka
MIPOTUBOBLIOPOCOBEII MPEBEH-
TOp

OypuiibHast KOJIOHHA, KOJIOHHA
OypHIIBHBIX TPYO

TOJIOBKa 00CaTHOM KOJOHHBI
POTOpPHBII cr1oco0 OypeHust
OypoBas Jiebenka

BeyIIas OypribHas Tpyoa
TaJeBbIi OJIOK

BOPOTHHUK 0ypa, yTsKeICHHAS
OypunbHast TpyOa (ITaHra)
OypoBOi poTOP/CTON
BpamaTeIbHOE IBIKCHHE
CKPYTIBIC CYTKN

Opatb po0y, UcCIIeIOBATh

— BeiHUManwue (to withdraw —
OTJICprUBaTh, BBIHUMATD, OT-
BOJIUTH)

KEPH MOPOIBI

XUMHUYECKUI aHAIN3

THTT 00pa30BaHus (THIT TTOPOJT)
PBIXIIbIHN, HEYTUTIOTHEHHBIHN
KpaCHBIH ITHHUCTHIN TeCYaHuK
IUIOTHAS [OpoJia
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flammable

decomposition
red bed

cherty

crude oil

converting
auxiliary equipment

directional drilling
kickoff point

entry point
Hydraulic fracturing
Fracture

Ultimate

To prevent

Porosity
Permeability

[

[
[

[
[

[0:g z1l1orT 1 kwipmont]

[
[
[
[
[
[
[
[
[

‘flaamabl]

di:kompa'zifon]
red bed]

kru:d o1l]

‘konva:ton]

dr'rekfonl "drilig]
kikof point]

entr1 point]
har'dro:l1k ' fraektfor]
‘fraektfor]

‘Altimat]

tu: pr1'vent]

po: 1osItI]

p3:mja bilrtr]

OIACHBIH, JIETKOBOCIJIAMEHSI-
IOLUHCS

pacmas, pa3nokeHue
[JIMHUCTBIM KPacHbII IeCYaHUK
KPEMHUCTBIN
HeoOpaboTaHHas (ChIpast)
HeTh

npeoOpa3oBaHue, peBparie-
HHE

BCIIOMOTaTeNsHOe 000pyI0Ba-
HUE

HampaBJeHHOE OypeHue
HadaJbHast TOYKa

TOUYKa BXOJa

THIPOpPa3phIB

TpELUHA, Pa3phIB

MOJIHBINA, OKOHYATEIbHBIN
MPeAOTBpaIIaTh

MOPHUCTOCTb, TIOPUCTAs cpena
MIPOHUIIAEMOCTh, IPOXOH-
MOCTh



7.2 Underground coal gasification 367

7.2 UNDERGROUND COAL GASIFICATION

Underground coal gasification
1. Gasification
Definition

Gasification is a process that converts organic or fossil carbonaceous
materials into carbon monoxide, hydrogen and carbon dioxide. This is
achieved by reacting the material at high temperatures (>700 °C), without
combustion, with a controlled amount of oxygen and / or steam. The
resulting gas mixture is called syngas (from synthesis gas or synthetic gas)
or producer gas and is itself a fuel.

— Thermo-chemical conversation o fuels

Gasiﬁcatiu-::l_ _; - with a reactant to a combustible gas
X Y
CO+H:2
(CHa)
Coal Electricity
Peat Heat
Wood Methanol
Domestic wastes Transportation fuel
Sludge Ammonia
Liquid hydrocarbons Reducing gas
Residues Town gas
Chemical wastes SNG

Natural gas Hydrogen
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Application

Fuel gas for power and / or heat generation:
o fuel gas for industrial processes, e.g. hard coal coking;
e town gas and SNG for local heat supply;

e fuel gas for turbines and engines for power generation or for
driving of motor vehicles.

Synthesis gas for different syntheses (e.g. of ammonia, methanol,
transport fuels, alcohols).

Hydrogen for hydrogenation processes (e.g. in petrochemical
industries) or for fuel cells.

Reducing gas for metallurgical processes (e.g. in blast furnaces to
produce iron).

Further applications:
e energetic and non-energetic use of wastes and residues;
e recycling of chemical raw materials;
e (asification as sub-process:
e in use in reduction processes in the metallurgy;

e for the production of carbonaceous adsorbents, activated
carbon.
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Fuels for gasification process

Exhaustible Fuels Inexhaustible Fuels
(non-renewable) (renewable)
Fossil Fuels Biomass

APG

Combustion Extraction

Gas Treatment
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Delimitation against other thermo-chemical processes
Pyrolysis
(HT) Cook- (LT) Car- Hydrogenation Gasification Combustion
ing boni-sation
. . coal, biomass,
. . coal, plastic coal, biomass, waste,
coal, biomass, waste, liq- L .. waste, coke,
Feedstock . waste, liquid char, liquid hydrocar- | . .
uid/gas hydrocarbons liquid/gas hydro-
hydrocarbons bons
carbons
. air (hyper-
Reactant without H, Qz/a}r (SUb._ stoichiometric)
stoichiometric) (0,)
2
Chemical process decomposition by heat catalytic hydro- partial oxidation complgte oxida-
genation tion
Temperature °C 700-1100 400-700 350-500 700-1600 800-2200
Pressure, MPa 0.1 20-70 0.1-8 0.1-2.5
coke tar/oil low/medium
Lo (fuel gas) (char) hydrocarbons H, CO, CH, heat
tar/oil, BTX, fuel gas, liquid gas, phe-
By-products NHs, S, H, phenols S nols, NHs, S ash/slag, tar ash/slag, flue gas
- entrained flow - pulverized coal
gasification; combustion;
Hard coal Lurgi liquid-phase - fluidized bed gasi- | - fluidized bed
Examples - . o o
coking, process hydrogenation fication; combustion;
- fixed bed gasifica- | - grate combus-
tion tion
Classification of gasification
Authotermic gasification Allothermal gasification  Hydrogenating gasification
CaHm + 2 02 + n CO + mz Hz CoHuw + n H20 » (n+ m2) H2 + n CO C+2Hz+ CHa

o i T
\f \ \,
i v
~ Solid GF Liquid hydrocarbons Solid GF
Liguid hydrocarbons Gaseous hydrocarbons Liquid hydrocarbons
Gaseous hydrocarbons  Oz/air + Steam Solid GF Steam Gaseous hydrocarbons Oz + Steam
800 - 1600°C Heat 7500 - 950°C TO0 - 900 °C
0.1 - 6 MPa 0.l -4 MPa =14 MPa
» 4 » Y T Y
Ash [ Slag Gas (Hz, CO, CHa) Ash Gas (Hz rich, C0O) Residual char Gas (CH4)
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Fundamental terms

. . - solid (ash < 30wt%) - coal, coke, biomass, wastes
SERITEd ) ] liquid - liquid hydrocarbons, refinery resi-
feedstock ’
(GF) - gaseous dues
- natural gas, refinery gas
- with exothermic reaction: O,, technically greatest importance:
Gasification H, - H,0/0,, H,0/air, technical O,, air
agent (GA) - with endothermic reaction:
H,0, CO,
components
- combustible gases - CO, H,, CH,4, C,H,
- diluents -N,, CO,, H,O
- trace gases (pollutant compo- | - S-, N-, Cl- compound,...
nents)
by-products/impurities tar/oil, phenol, benzene, naphthalene,
organic acids, organic sulphur, soot,
dust, ammonium salts, volatile met-
als,...
designation
- raw gas/purified gas - until gas purification/after gas purifi-
- sour gas/sweet gas cation
Gasification - until H,S removal/after H,S removal
gas (GG) application
Synthetic gas | - fuel gas
(Syngas) low calorific value (lean gas) LHV < 8 MJ/m’
medium calorific value (fown | LHV = 8-25 MJ/m’
gas) LHV > 25 MJ/m’
high calorific value (rich gas)
- synthesis gas Methanol CO/H, = /5, COy/H, = /5
Fisher-Tropsch synthesis CO/H2 =
Y17.25
Methanation (SNG) CO/H, = '/,
Oxo-alcohol synthesis CO/H, = U
- hydrogen ammonia synthesis
hydrogenation process (fuel cells)
- reducing gas for blast furnace process CO + H, > 90
vol%
- ash (bed ash, fly ash) - not molten
Gasification | - slag - solidify
residue (GR) | - residual char - carbon-containing ash (incomplete

gasification)
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2. Coal gasification
What is Underground Coal Gasification

Underground Coal Gasification (UCG) is a process by which coal is
converted in-situ to a combustible gas.

UCG can provide energy from coal seams where traditional mining
methods are either impossible or uneconomical.

In order to carry out this technology we need two boreholes. One of
them is an injection well, the other one is production. Boreholes are bored
towards the coal seam. It is an in-seam directional drilling.

UCG gases can be used for industrial heating, power generation,
hydrogen production and chemicals like sodium, ammonia, char and other
raw materials, because coal is a source of rare chemical elements. From
coal we can also produce petroleum in the large volumes.

1 — coal seam; 2 — injection (inlet) boreholes; 3 — production (outlet) borehole; 4 —
controlled retracting injection point; 5 — air injection pipeline; 6 — gas production pipeline;
7 — heat exchange utilizator; 8 — combustion face (reaction channel); 9 — goaf; 10 —
pipeline sitting.

Fig. 7.2 The principle flow sheet of underground gas generator
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Why Underground Coal Gasification

1. Lower operational costs then in conventional mining:

Mining cost;

Surface area;
Transportation and storage;
No surface gasification;

2. It can be used to exploit the offshore coal reserve which is unsuitable
for utilization by conventional mining:

Safety in mining;

Unminable coal deposits;

Dip coal seams;

Thin coal seams;

Coal seams with disjunctive and plicative geological
dislocations

3. Environment advantages:

e controlled greenhouse gas emission GHG (CO2, NOx, SOx);
e carbon capture and storage CCS.

%n | !
S 04 |
1] T T

Brown Coal  Hard Coal Qi Natural gas

Environmental degradation is becoming a national priority.
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The history of Underground Coal Gasification

The idea of underground coal gasification was proposed by Dmytro
Mendelejev in 1880.

Underground coal gasification is a technology that has been discussed
and experimented with for over 150 years. It was used at several sites in the
former USSR, including a facility in present-day Uzbekistan that has been
in operation since 1961. Interest in UCG was high after World War II, and
a number of pilot projects were started across Europe. Most of these
projects were abandoned in the 1960s due to falling energy prices.

The first project was offered by W. Ramsen in 1912 (not realized). The
project of the station of «Pidzemgaz» was developed by I.P. Kirichenko in
1928.

I. Korobchanski, V. Matveev, V Skafa and other developed first
industrial installation “Pidzmgaz”, Lisichansk coal basin in Donbas (1933).

In Ukraine

Lisichansk station UCG had operated from 1933 till 1966 with
annually productivity nearly 1,7 billion m3, (loses of coal reserves nearly
18%).

AirBlast Gas
/:/Air Blast

a) 1 —coal seam; 2 — daylight surface, 3 — gas outlet direction;
4 — syngas outlet; 5 — air supply direction;
b) 1,3 —air blast wells; 2 — grid point; 4 — gas outlet wells;

Fig. 7.3 Flow sheets of UCG:
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In Gorlovsk experimental station «Pidzemgas» (1935 — 1941) the
method of gasification on coal seams with the angle of incidence 70-75°
and thickness 1-1,9 m was tested.

In Sinelnikov experimental station “Pidzemgas” research with gas
transporting goaf was conducted.

Flow sheets of UCG

During last years in Ukraine was determinate the parameters and
developed project documents for experimental area of the BUCG station
«Pivdeno-Sinelnikovska». Project document was developed by the
employees of NMU and project institute of Dniprodiproshakht. A project
was realized to the stage of generator gases reception, but from economic
confusions, the station did not go out on the level of production.

Two building project for the stations of "Pidzemgaz" was developed
for the stock company "Pavlogradcoal”, Western-Donbas coal deposits and
Tarnavsk brown coal deposit. A project was stopped on the stage of
introduction because the absence of financing.

Flow sheets of experimental gas generator was developed for the
conditions of Barbara mine during implementation the general project of
«HUGEY. Financing carries out the European fund of «Coal and steel».

Abroad

The first experiments of UCG were conducted after the Second World
War. After World War II, the shortage in energy and the diffusion of the
Soviets' results provoked new interest in Western Europe and the United
States. In the United States, tests were conducted in 1947-1960 in Gorgas,
Alabama. From 1973-1989, an extensive test was carried out. The United
States Department of Energy and several large oil and gas companies
conducted several tests. Lawrence Livermore National Laboratory
conducted three tests in 19761979 at the Hoe Creek test site, Hanna, Rock
Hill.

In Europe, the stream method was tested at Bois-la-Dame, Belgium, in
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1948 and in Jerada, Morocco, in 1949. The borehole method was tested at
Newman Spinney and Bayton, United Kingdom, in 1949-1950. A few
years later, a first attempt was made to develop a commercial pilot plan, the
PS5 Trial, at Newman Spinney in 1958—1959. During the 1960s, European
work stopped, due to an abundance of energy and low oil prices, but
recommenced in the 1980s. Field tests were conducted in 1981 at Bruay-en-
Artois and in 1983-1984 at La Haute Deule, France, in 19821985 at
Thulin, Belgium, and in 1992-1999 the El Tremedal site, Province of
Teruel, Spain.

Last time UCG has been tested and investigated in:

China (12 experimental station);

Australia pilot (Linc Energy, Carbon Energy, Cougar Energy);
South Africa (Escom and Sasol);

Hungary, Poland, Belgium, Canada, GB, NZ, USA.

The first major plant was at the Yerosticaz facility in Angren, in
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Uzbekistan, which started in 1961, works a brown coal deposit and is now
run by Linc Energy. The plant produced 35 million cu ft of synthetic gas a
day, which is fed into the local power plant.

Difference between gasification and combustion

Gasification is a process by which coal 1s converted in-situ to a
combustible gas primarily carbon monoxide (CO) and hydrogen (H5).

Combustion is a conversation of coal into carbon dioxide (CO;) and
water (H,0).

Gasification (CiHp) +1/20, - CO + H;
Combustion (CmHm) + O, — CO, + H,O

Combustion is the total oxidation of carbon, hydrogen and other
elements, which releases thermal energy. Combustion is generally less
thermally efficient than gasification. As shown by the typical combustion
reactions below, combustion (as carried out in incinerators) produces higher
concentration of pollutant gasses such as SOy and NOx.

Combustion (Oxidation) Reactions

C+ QO «— CO> Oxidation of carbon
%2 02 + Hy <« H0 Oxidation of hydrogen
N + Oz «——NO2 (NOX) Oxidation of Nitrogen
S+ O «—=>S0, (SOx) Oxidation of Sulfur

Gasification is a much cleaner process than combustion (incineration)
for converting carbonaceous materials to energy. In gasification, the fuel is
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first converted to a clean-burning gas (syngas) at high temperatures. This
gas can be used as a clean fuel or converted to chemicals such as ammonia
for industrial or agricultiral use.

The differences between gasification and combustion are best
understood by comparing the chemical reactions involved in each process.

Gasification Reactions
C +%02«—CO (Gasification with Oxygen)
C + CO2 «—— 2CO (Gasification with Carbon Dioxide)
C+ H,O0«——CO + Hy (Gasification with Steam)
C + 2Hy «——> CHy4 (Gasification with Hydrogen)
CO + H2O «——Hz + CO2 (Water-Gas Shift Reaction)

S+H, «=— H;S (Sulfur forms H2S - not SOx)

Fundamentals of coal gasification & chemical reactions

«Gasification» is a general term used for various reactions, besides
combustion, that result primarily in a gaseous mixture of CO, H, and CHa.
In both conventional and underground gasification processes, the chemical
and physical changes are similar; however, the in-situ coal naturally has
higher methane and moisture contents.
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The combustion gases generated from in-situ coal under specific

Water

conditions and according to the following reactions:

Drying:
Pyrolysis:

COMBUSTION

GASIFICATION

)

2).
3).
4).
5).
6).

7).

. C+0,=CO0O,
2C+0,=2CO
CO,+C=2CO
H,O0+C=CO +H,

2H20 +C= C02 + H2

C+ 2H2 = CH4

Synthesis/ Fuel gas
H, CH;, CO

Coal Tar

Heat

Wet Coal — Dry Coal + H,O + 394 kJ/mol

Dry Coal — Char + Volatile matter ~ 0 kJ/mol

+ 394 kJ/mol
+ 221 kJ/mol
— 173 kJ/mol
— 130 kJ/mol

— 80 kJ/mol

CO + 3H, = CH4 + H,O + 205 kJ/mol

+75 kJ/mol
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The water-gas reaction is the most important for generating the gas fuel
mixture of mainly H, and CO, known also as ‘water-gas’ product. Note that
the enthalpy of reaction is positive, which means that this reaction is
endothermic. As a result, the preparation of the water-gas reaction typically
involves alternating blasts of steam and either oxygen or air through a
heated coal seam.

The exothermic reactions between coal and oxygen to produce CO and
CO; provide enough energy to drive the reaction between steam and coal.
Additional steam in the injection blast generally lowers the temperature of
the reaction zones and thus improves the efficiency of the gasification. Too
much steam, however, can stop the gasification process, then it is need to
provide a new coal ignitionn.

Factors affecting UCG Designs
1. Coal seam geology:

e Thickness and depth;
e Permeability to gas, liquid;

2. Coal properties:

e Rank (ash, volatile, carbon content);
e Chemical composition (hydrogen, sulphur, oxygen);

3. Strata / overburden properties:

Geology;
Hydrogeology;
Geomechanics;
Drilling properties;
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4. Product gas:

e Required volume;
e Composition, calorific value;

5. Process efficiency:

e Thermal;
e Chemical;
e Resources recovery;

6. Interaction with the environment:

e Subsidence effects;
e Water contamination.

Advantages of UCG over conventional mining and surface
gasification

Nowadays classic mining methods are expensive and have economic
and environmental disadvantages. Problems in traditional technology
promote creation of a new technology. Such technology is underground
coal gasification. Why?

Process of mining is eliminated;

Lower capital costs;

No human labor underground;

Lower surface distraction,;

Much higher coal extraction up to 95 %;

Loss of methane during mining and transporting is avoided;

No ash of coal and solid wastes at the surface;

Direct use of groundwater;

Cavities formed as a result of UCG can be used for CO2
capture and storage;




382

Chapter 7

e The economics of UCG look promising as capital expenses
should be considerably less than surface gasification;

e Generator gas suitable for high-efficiency power generation;

e Syngas is source of hydrogen, liquid fuel and chemicals;

e Positivities of transport of medium calorific value gas over a
distance of 100 km;

e Safer;

Disadvantages and potential problems of UCG

Difficulties in linking the injection and production wells;
Variation of product gas composition;

Lower heating value of the produced gas;

Groundwater pollution;

Subsidence and rock mass deformation;

Public concerns about potential loss of controllability of the
reaction.

Environmental Impact

e Ground water contamination is preventable;

e UCG leaves environment largely untouched;

e Piping is removed and boreholes are cut off and filled;

e  Only trace elements of contaminants are left underground ;

e Air is used not only once, instead of using air for mining
ventilation;

e In comparison to conventional CTL process it is safer
technology.

Compared to traditional coal mining and processing, the underground
coal gasification eliminates surface damage and solid waste discharge, and
reduces sulfur dioxide (SO,) and nitrogen oxide (NOy) emissions. For
comparison, the ash content of UCG syngas is estimated to be
approximately 10 mg/m?* compared to smoke from traditional coal burning
where ash content may be up to 70 mg/m?. However, UCG operations
cannot be controlled as surface gasifiers. Variables include the rate of water
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influx, the distribution of reactants in the gasification zone, and the growth
rate of the cavity. These can only be estimated from temperature
measurements, and analyzing product gas quality and quantity.

Subsidence is a common issue with all forms of extractive industry but
UCQG leaves the ash behind reaction channel in goaf.

Underground combustion produces NOy and SO, lowers emissions,
including acid rain. The process has advantages for geologic carbon
storage. Combining UCG with CCS technology allows re-injecting some of
the CO2 on-site into the highly permeable rock created during the burning
process. Contaminants, such as ammonia and hydrogen sulfide, can be
removed from product gas at a relatively low cost.

Aquifer contamination is a potential environmental concerns. Organic
and often toxic materials (such as phenol) remain in the underground
chamber after gasification and, therefore, are likely to leach into ground
water. Phenol leachate is the most significant environmental hazard due to
its high water solubility and high reactiveness to gasification. Some
research has shown that the persistence of such substances in the water is
short and that ground water recovers within two years.

Criteria for UCG

A wide variety of coals are amenable to the UCG process. Coal grades
from lignite through to bituminous may be successfully gasified. A great
many factors are taken into account in selecting appropriate locations for
UCG, including surface conditions, hydrogeology, lithoglogy, coal
quantity, and quality.

Also UCG requires other special properties of coal seam:

e C(Coal seam lays underground between 100 and 1400 meters
(preferably more than 300 meters);

e Thickness is more than 0,8 meters;

e Ash content is less than 60 %;

e Minimum geological dislocation;
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e No good water aquifers;

e Minimum distance of 1,6 km from rivers;

e Minimum distance of 1,6 km from abundant mines and
minimum distance;

e of 3,2 km from active mines;
e Floor and roof conditions need be examined.

How does UCG work

Step 1: Finding the coal

Step 2: Drilling boreholes

Step 3: Linking the boreholes underground
Step 4: Igniting the coal

Step 5: Injecting the O, and steam

Step 6: Extracting the syngas

Rock mass deformation

The most important factor in this process is rock mass behavior at
underground coal gasification. It is known that the mechanism of rock mass
behavior at underground coal gasification is in a great extent alike the
processes which accompany the wallface coal extraction in mining.
Therefore it is necessary to conduct research for determination the
deformed state of rock mass moving around an underground gas generator
in the mine conditions.
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Nevertheless we cannot stop deformation, and if impacts cannot be
managed, we must abandon the site for UCG.

Products of UCG

UCG product gas is used to fire combined cycle gas turbine (CCGT)
power plants, with a combined UCG/CCGT process efficiency of up to
43%. CCGT power plants using UCG product gas instead of natural gas can
achieve higher outputs than pulverized-coal-fired power stations (and
associated upstream processes, resulting in a large decrease in greenhouse
gas emissions. It can be also used in IGCC power plant.

UCG product gas can also be used for:

Synthesis of liquid fuels;

Manufacture of chemicals, such as ammonia and fertilizers;
Production of synthetic natural gas;

Production of hydrogen.
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In addition, carbon dioxide produced as a by-product of underground
coal gasification may be re-directed and used for enhanced oil recovery.

Underground product gas is an alternative to natural gas and potentially
offers cost savings by eliminating mining, transport, and solid wastes. The
expected cost savings could increase given higher coal prices driven by
emissions trading, taxes, and other emissions reduction policies.
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Questions
1. Give a definition of gasification.
2. Name the renewable and non renewable fuels for gasification.
3. What is the temperature regime of gasification process?
4. What does partial and complete oxidation mean?
5. What types of gas according to heating value do you know?
6. Give a definition of underground coal gasification.
7. What are the main parts of UCG flow sheet?
8. What was the first UCG station?
9. What is the UCG station that is now run since 19617?
10. Name the main reactant of UCG process.
11. What is the difference between exothermic and endothermic
chemical reactions?
12. What are the main products of UCG power plant?
13. Expalain the following abbreviations: CCT, SNG, IGCT, CTL,

CRIP, GF, LHV, BUCG, GHG and CCS?
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gasification
syngas
thermo-chemical
conversion
reactant
combustible gas
sludge
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methanol
reducing gas
engine

vehicle

alcohol
hydrogenation
fuel cell
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recycling

chemical raw materials
heavy oil
biomass
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straw

energy crops
landfill gas

rout

liquefaction
pyrolisis

crude gas

gas treatment
coke

char

delimitation
against

feedstock
substoichiometric
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7.3 GAS HYDRATES AS AN ALTERNATIVE SOURCE
OF ENERGY

1. Relevance of gas hydrates and their essence

The nature for millions of years has accumulated a huge amount of
mineral deposits that are successfully used by the humanity as energy
sources during many centuries. But recently there is an acute question rises
concerning the period of time which such resources as coal, oil and natural
gas will be enough for. According to various scientists’ calculations, their
amount will be enough for 250-300 years at current consumption rates: oil
— for 40 years, natural gas — 70 years, coal — 200 years, uranium — 85 years
(Makogon 2010) (Fig.7.4)
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Fig. 7.4 Energy resources consumption:

One of the perspective, and, according to most scientists, the most
perspective alternative source of energy on the planet is gas hydrates. Gas
hydrates represent specific combination of two widely spread matters —
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water and natural gas. Gas hydrate is a crystalline compound-clathrate in
which gas molecules are trapped in cavities that are located in so-called
“carcasses” formed by water molecules and connected between each other
by firm hydrogen bonds. Water molecules in such compounds are called
“hosts” and molecules of other matters stabilizing the crystalline lattice —
“guests” (hydrate formers). Gas molecules (guests) are located in internal
cavities of crystalline lattice of water and are held by Van der Waals forces
(Fig. 7.5).

Molecules-guests stabilize the system, since the crystalline lattice
itself, if it is not filled with minimal number of gas molecules, is
thermodynamically metastable.

METHANE
ICECRYSTAL G ECULE

Fig. 7.5 Gas hydrates structure: molecule of methane in “carcass” formed by water
molecules by means of hydrogen connections

General formula of gas hydrates — , where — gas molecule, — water
molecules number per one included gas molecule. As a result of molecules
compaction, 1 m® of natural methane hydrate in solid state contains 175 m’
of methane! (Fig. 7.6)
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1 M® of methane 164 M’ of methane 0.8 M’ water
hydrate

Fig. 7.6 Content of water and gas in gas hydrate

2. Conditions of formation and dissociation

The first discovered gas hydrates were created with help of people
although not intentionally. Gas industry workers know hydrates because of
their property to create plugs in pipelines decreasing pipes cross-section
needed for gas movement (Leksakov and Kudryavtseva 2010).

In order to have natural gas hydrates formed, the following conditions
are re-quired: pressure — from 1 to 200 atm. and temperature — from -30°C
to +40°C depending on formation conditions and composition of a hydrate.

On the planet gas hydrates form in continental shelf zones, since 90%
of all organic matter in the ocean is concentrated exactly in those areas,
decomposition products of this matter is the source for methane creation.

Also, gas hydrates form in permafrost areas where rocks temperature
does not rise above 0 °C. Percentage of gas hydrates content in marine
sediments is 95% and in permafrost zones — only 5% (Fig. 7.7).
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Fig. 7.7 Deposits of gas hydrates located in marine sediments and permafrost areas

Gas hydrates formation conditions, in particular, pressure and
temperature, have wide range. Gas hydrates form in sea water at depths of
more than 500 meters in low and middle latitudes, and in more than 150-
200 meter-depth in high latitudes. Also they can form under the sea bottom
creating layers from dozens to hundreds meters thick. Range of stability
zone fluctuates depending on temperature, pressure, hydrate-forming gas
composition, geological conditions (porosity, density of hydrate-containing
rock), depth and other factors (Fig. 7.8).
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Fig. 7.8 Conditions of hydrates formation in marine environment
and permafrost areas

It 1s worth mentioning that insignificant concentrations of other gases,
for example, 5% of propane, can decrease gas hydrate formation pressure in
two times (Deaton and Frost 1964). This is an extremely important fact
which should be taken into account during further research of gas hydrates.

3. Amount of gas hydrates in the black sea

In 2002 the studies conducted by Bulgarian scientists showed that the
average depth at which the hydrates begin to form is 620 m embracing
territory of about 288100 km?” that presents near 68.5% of the Black sea

total area.

Based upon the research of the same scientists, thickness of the hydrate
stability zone (HSZ) in the Black sea reaches 160 m at depth of 1000 m. At
depth of 1500 m the layer thickness makes up 260 m in average (from 110
to 650 m) and at 2000m-depth — 350 m. If to calculate the amount of gas
contained in gas hydrates of the Black sea (volume of gas hydrates makes
up about 0.35 x1012 m’) then this number would make 40-50 x 1012 m’ of

methane!

Based upon the expeditions conducted in the 90’s in the USSR, the
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amount of methane in the whole Black sea resulting from drilling and
lifting samples of the sea bottom soil in more than 400 cores is not less than
100 trillion m’. With that, regions of the Sea of Azov still remain to be
unexplored.

4. Formation conditions of gas hydrates in the black sea

When talking about formation conditions of gas hydrates the attention
should be paid to composition of gas forming the hydrate, temperature and
pressure of the forming media, sediment porosity and other.

Usually, hydrates form under temperature below +30°C and high
pressure. For example, at 0° C methane hydrate forms at pressure of 3 MPa,
and carbon dioxide at 1 MPa. If the temperature is +25°C, methane hydrate
forms at pressure of 40 MPa. Density of the Black sea’s gas hydrates is
within 0.9-1.1 g/em’.

Water temperature in the Black sea below the seasonal temperature
variations increases with depth and consequently the water surface tempera-
ture grows from 8.7 to 8.8°C at sea depth being 400-500 m; and at sea
depth of 2100-2200 m - to 9.05-9.1°C. It allows to make a conclusion that
in bot-tom sediments at sea depth of 620-650 m, favorable thermobaric
conditions exist all over the place for formation and stable existence of
methane hydrates (Fig. 7.9)
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Fig. 7.9 Stable zone of gas hydrates formation in the Black Sea
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It is seen from this picture that gas hydrate formation within the shown
zone of the Black Sea begins from the depth of about 750 m under the
water surface and ends at the depth of about 2350 m. At this maximal
thickness of the layers reaches around 400m.

The Black sea water, especially in shallow layers is far less salty than
the oceans water. In average, 1000 grams of the Black sea water contains
18 grams of salt. Whereas, in Atlantic Ocean 1000 grams of water contains
35 grams of salt, Red sea water contains 39 grams of salt. So, exactly
relatively low content of salt in the Black sea has a favorable influence on
gas hydrates formation.

Basic amount of these deposits are allocated to Ukraine and Romania,
less — to Turkey, Bulgaria, Russia and Georgia.

Fig. 7.10 shows one of the most perspective gas hydrate deposits. Its
depth is around 2000 m.

1 — highly perspective zone of gas hydrate formation; 2 — Western Black Sea trough;
3 —Eastern Black Sea trough; 4 — outline of the Black Sea trough

Fig. 7.10 Map-scheme of gas-bearing zones suitable for hydrates formation in the
Black Sea trough
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5. Types of gas hydrate deposits

There are four possible ways of gas hydrate formations in sea
sediments: scattered cement components, thin interlayers (nods), veins and
massive solid layers (Fig. 7.11).

dispersed cement nods veins massive layers

Fig. 7.11 Possible forms of gas hydrate.

And, in addition, there are two mechanisms of gas hydrates creation in
the pore space of sediments. First, gas hydrates are formed at the contacts
of rock grains. In that case, hydrates play cementing role in sediments.
According to the second mechanism, the formation of gas hydrates occurs
in pores outside contacts between grains, and hydrates have practically no
effect or no effect at all on rock particles cohesion which reduces porosity
of sediment. 7

6. Existing technologies

The selection of suitable technology
of gas extraction is fully based on the
geological conditions and properties of gas
hydrate deposits. At present there are three
basic methods for gas extraction from a
hydrate layer are taken into account:
heating hydrate-bearing formations above
equilibrium temperature, artificial pressure
decrease withing the layer and inhibitors
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introduction. They are all based on dissociation — process during which a
compound decomposes into more simple components: gas and water.

Heat carrier introduction method is based on heat delivery inside the
gas hydrate crystal lattice to increase temperature and speed up dissociation
process. During the heating process an exothermal catalytic reaction occurs
with specific heat liberation exceeding solid gas hydrate dissociation heat
(Equation 7.1).

CH, (H ojn > CH

) +n-H yO-AH =54.49 KJ/mole (7.1)

4 2

But, as the study’s results show, heat influence through the borehole
face 1s low efficient.

It is connected with the fact that gas hydrate dissociation process is
followed by heat absorption with high specific enthalpy 0.5 MJ/kg (for
example, ice melting heat makes up 0.34 MJ/kg). As the dissociation front
moves away from the borehole face more and more energy is spent to heat
up host rocks hence heat influence zone on hydrate is calculated by the first
meters.

When an inhibitor is introduced inside the gas hydrate its composition
changes. In multiple works it is established that a definite concentration
inhibitor injection into gas hydrate leads to hydrates formation equilibrium
conditions shift, notably to equilibrium temperature shift leading to
dissociation and methane release. The notion “inhibitor” here denotes to not
only a matter that slows down any process but also a matter that can
actually speed it up. Concentration is what plays the major role in
establishing an inhibitor influence behavior.

Use of inhibitors has a line of disadvantages: high toxicity (during
vapors influence, contact with skin and internal body organs), high
flammability risk.
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Questions

1) Gas hydrate is ... .

2) Basic conditions for gas hydrates formation are ... .

3) The main components of a gas hydrate are ... .

4) What does the composition of a gas hydrate influence on?

5) Give an approximate value of gas that can be recovered from 1 m’
of gas hydrate.

6) What are the places on the planet that can be suitable for gas
hydrates for-mation?

7) What is the relation between pressure and temperature during
formation of a gas hydrate?

8) Why is the Black Sea very favorable for the formation of gas
hydrates?

9) What are the main types of gas hydrate formations?

10) Briefly describe existing technologies for gas hydrates
extraction.
11) Why do you think CO, injection into the hydrate layer is

considered to be the most perspective extraction technology?
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molecule
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marine sediments
high latitudes

to fluctuate
scattered
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particles cohesion
specific heat liberation

heat absorption

high toxicity

high flammability risk
molar mass
reactionary capability
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7.4 MINERAL PROCESSING

Digging ore from the earth is only half the battle. Often just as
challenging and costly is the processing of the ore, which takes place in
mills, smelters and refineries.

Mineral processing methods
are critical to the profitability of a
mine operation, particularly as
customers demand higher
production, reliability, efficiency
and new features from processing
equipment. The term mineral |
processing is used to analyze and
describe the operations involved
in upgrading and recovering
minerals or metals from ores.

Goals and basics of mineral processing

In the traditional sense, mineral processing is regarded as the
processing of ores or other materials fo yield concentrated products. Most
of the processes involve physical concentration procedures during which
the chemical nature of the mineral(s) does not change.

The ultimate goal in the production of metals is to yield minerals in
their purest form, that is, to recover the valuable minerals locked up in the
ore. Mineral processing plays an integral part in achieving this objective.



7.4 Mineral processing 403

vilbwaling feeder
szoeape bin

Y
—

ne | =4 -+ =

: ﬁ i

worew separst ing:

0 8 i

Flow process

Fig. 7.12 shows a generalized flow diagram for metals extraction from
mining (step 1) through chemical processing. Steps 2 and 3 involve
physical processing and steps 5 and 7 involve low-temperature chemical
processing (hydrometallurgy). All four steps are considered part of mineral
processing. High-temperature smelting and refining, steps 4 and 6, are not
included under the heading of mineral processing.

Mining (1)

|

Size Reduction (2)

l

Physical Separation (3)

High-temperature
Processing (4)

Low-temperature
Processing (5)

l

High-temperature Low-temperature
Refining (6) Refining (7)

\/

Pure metal (8)

Fig. 7.12 Generalized flowchart of extraction of metals
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e
n:%- Blasting .Ln c-i

Grinding

Unit operations

Mineral  processing  can
involve four general types of unit
operation:

e comminution — particle size
reduction,;

e sizing—  separation  of
particle sizes by screening
or classification;

e concentration by taking advantage of physical and surface chemical
properties; and
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e dewatering — solid/liquid separation.

Comminution is particle size reduction of
materials. Comminution may be carried out on
either dry materials or slurries. Crushing and
grinding are the two primary comminution
processes.

Sizing is the general term for separation of particles according to their
size. The simplest sizing process is screening, or passing the particles to be
sized through a screen or number of screens.

There are a number of ways to increase the concentration of the
wanted minerals: in any particular case the method chosen will depend on
the relative physical and surface chemical properties of the mineral and

the gangue.

Historically the earliest method used, particles can be classified based
on their specific gravity.

Separation by frroth flotation relies on the differing surface potentials
of the particles.

Electrostatic separation: Non-conducting particles maintain an
electrostatic charge induced electrically, and so remain pinned to a charged
drum. Conducting particles do not maintain the electrostatic charge and so
fall off the drum.

Magnetic separation: Minerals

such as magnetite is [= TR \
naturally magnetic, and so can be &= / \\“\\\ .l\\“

separated  from  non-magnetic _
. . Y b et
particles using strong magnets. n Magnetic separator

Dewatering: since many size
reduction and separation processes
involve the use of water, solid-liquid
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separation processes are also a subject of mineral processing.
Efficiency

One of the most important and basic FEg
concepts in mineral processing is efficiency. }
Two terms are commonly used fo describe
the efficiency of processes: recovery and F&f
grade. Note that obtaining the highest
possible recovery is not necessarily the best
approach in a concentration process. High
recovery without acceptable grade will lead
to an unsalable product and is therefore &
unsatisfactory.

Economic concerns

Most metals are present in extremely small concentrations in nature,
and none of these metals can be recovered economically at these
concentrations. An average copper ore, for example, may contain 0.3% to
0.5% copper.

Questions

1. What is mineral processing done for?
2. Briefly describe the flow process.
3. Describe what comminution, sizing, concentration and dewatering

arc.
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mills

smelters
refinery
profitability
reliability
upgrading
recovering

to yield

pure
achieving
chemical pro-
cessing
smelting
refining
comminution
sizing
dewatering
slurries
crushing
grinding
screening
gangue
gravity

froth flotation
non-conducting
charged drum
efficiency
concepts
grade

to obtain
unsatisfactory
unsalable

Vocabulary

[mils]

[smelters]
[r1' famnorr]
[profits bilitr]
[rilaro " bilitr]
[ap'grerdig]
[rrkavory]
[ji:ld]
[pjus]
[o'tfi:vin]
[ ' kemik(a)l
pra(u)'sesig]
smelt]
11 farnin)
komi'nju:fon]
saizin|
dewo:toriy]
sla:rres]

fro0 flou'terfon]

non kon'dakt]

tfa:dzd dram]

1' fifonsi]
konsept]
greid]

ob'tein]

An setis’ faektort)
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MeJBHUIA, IpoOMIKa, 000oTraTUTEIbHAS
¢babpuka,

TUTABHJIbHAS TI€Yb, TUIABMIIBITUK
OUYHCTHUTENBHEIA 3aBOJ]
peHTabebHOCTh, MTPUOBUTEHOCTh
HA/ICKHOCTh

oborarmieHue, MOBBIICHNE Ka4eCTBA
W3BJICYCHUE (PYIbI)

J00BIBaTh, U3BJICKATE

YUCTHIN, OeCIIPUMECHBII
JOCTIDKEHUE

XUMHUYecKast 00paboTka

TUTaBKa, BHIIIABKA, IJIABJICHUE
OYHUCTKA, 001aropakuBaHue
pasapoOiieHne, pa3MellbueHue
COPTHUPOBKA 10 KPYIMHOCTH, pa3Mepy
OCYyIICHHUE, TeTUAPATALINS
TUJPOCMECH, JKUJIKUH PACTBOP
Jpo0JieHHne, U3MEIbUYCHHE
nepeMabIBaHue, H3MEILUCHUC
I'POXOYCHHE, OTCCHBAHHE

mycTas Mopoja, MOpOAHBIA TPUMECH
BEC, CHJIa TSHKECTU

neHHAs (hIOTAIHS

HETMPOBOASIINI

3apsDKeHHBIN OapabaH

3¢ GEKTHBHOCTD, PE3yIBTATUBHOCTh
MOHSTHE, TIPEICTABIICHUE, Ul
Ka4ecTBO, COPT

MOTy4aTh, JOOBIBATH

HEYIOBJICTBOPUTEIILHBII
HENpPUroJHbIN K poAaXke, He MOJb3YIo-
UIUICS CIIPOCOM
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7.5 LABOUR PROTECTION

Basics of labour protection

Protection of the health and safety of employees from excessive or
undesirable stresses in the occupational environment is all important. These
hazards include reduced natural ventilation and light, difficult and limited
access and egress, exposure to air contaminants, fire, flooding, and
explosion.

Ventilation is an important common denominator in most health and
safety design considerations in mines. In addition to the supply of fresh air
to the miners, the overall control of gas, dust, heat, and humidity problems
is achieved through the proper design of the ventilation system.

Fresh air must be supplied to all underground work areas in sufficient
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amounts to prevent any dangerous or harmful accumulation of dusts, fumes,
mists, vapors, or gases. If natural ventilation does not provide the necessary
air quality through sufficient air volume and air flow, the employer must
provide mechanical ventilation to ensure that each employee working
underground has at least 5.7m3 of fresh air per minute.

Drifts
Headframe

Stope

Ventilation B Chute

shaft
Raise

Skip

Miner's
Cage

Pump

Skip filling
station

Open flames and fires are prohibited in underground construction areas
except as permitted for welding, cutting, or other hot work operations.
Smoking is prohibited unless an area is free of fire and explosion hazards.

Special air monitoring requirements

The employer must assign a “competent person” to perform air
monitoring. If this individual determines that air contaminants may present
a danger to life at any time, the employer must immediately take all
necessary precautions and post a notice at all entrances to the underground
site about the hazardous condition.
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Test for oxygen first

The competent person charged with air monitoring must test for
oxygen content before testing for air contaminants. All underground work
areas must be tested as often as necessary to verify that the atmosphere at
normal atmospheric pressure remains within the acceptable parameters of
19.5 and 22 percent oxygen.

Problems of noise and illumination, always a matter of concern in
underground workings, are being addressed through the identification,
development, and incorporation of specific design requirements for mine
machinery and mining environment.

Ground support of underground areas

A competent person must inspect the roof, face, and walls of the work
areas at the beginning of each shift and as often as necessary to ensure
ground stability. The ground conditions along all haulage ways and travel
ways must also be inspected as frequently as necessary to ensure safe
passage and loose ground considered to be hazardous to employees must be
scaled, supported, or taken down.

Employees involved in installing ground support systems must be
adequately protected from the hazards of loose ground. Any dislodged or
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damaged ground supports that create a hazardous condition must be
promptly repaired or replaced. The new supports must be installed before
removing the damaged supports.

Hazards, accidents, and disasters

The term hazard is used here to
describe an unsafe situation in a mine.
This may be an unsafe physical
condition or unsafe acts of miners. For
example, methane is a source of hazard.

An accident is the realization of a
hazard. If a large number of people are
in fact killed, it 1s deemed a disaster.

Hazard control approaches

As distinct from practices in many other industries, the mine working
environment cannot be precisely controlled. Also the environment is
constantly changing. It is virtually impossible to foresee all the possible
hazards and therefore, to take precautions against each of them.

Medical examinations

Pre-employment physical

~ examinations and periodic continuing

~% | examinations are required to assure that

"“""‘] | employees’ health and physical conditions

- are routinely monitored and documented.

 These examinations may reveal physical

problems such as hearing loss, loss of

- vision, heart problems, arthritic conditions,
lung impairment, etc.

Miner training must emphasize both general and job-specific health
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and safety aspects and improvement of production and maintenance skills.

The enhancement of personnel health and safety in mines requires an
understanding of the hazards and the requirements for their control. In
addition to the learning experience from the lamentable history of accidents
and disasters in mines, there is a critical need to reduce the risks of mine
hazards and resulting accidents through the application of such proactive
analysis techniques as systems safety analysis and disaster simulations for
the identification of new hazards.

Personal protective equipment

All underground workers must wear
special equipment which is: head
protection — caps or hats, cap lamps, eye
and face protection — safety spectacles or
facepiece respirators; respiratory
protection  (against  dust);  hearing
protection — ear plugs; foot protection —
boots; clothing — cotton overalls
(sometimes with strips of reflective
material); belts - to carry lamp battery,
self-rescuer — respiratory protection which
will help the miner escape dangerous
place in case of a mine fire; gloves.
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Threats to life and health

Threats to a miner’s safety may arise from many sources: from falls of
roof, face, or side; from haulage or other machinery; from electrical
equipment, explosives, or ignitions or explosions of gases and dust; from
sudden inundations of water and gas; or from mine fires.

Consequences of inadequate control can be sudden and catastrophic -
such as injuries and loss of life through suffocation, heat strokes, and
explosions—or slow and long-enduring - such as lung diseases including
coal worker’s pneumoconiosis (CWP) or black lung.

Diseases such as silicosis, asbestosis, and pneumoconiosis are
associated with long-term exposure to high concentrations of silica,
asbestos, and coal dust, respectively. Bad water quality and the lack of
adequate lighting have also been associated with such diseases as
dermatitis.

Training requirements

All employees involved in underground construction must be trained to
recognize and respond to hazards associated with this type of work. The
following topics should be part of an underground construction employee
training program:

1. Air monitoring and ventilation;

2. Illumination;
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3. Communications;
4. Flood control;
5. Personal protective equipment;

6. Emergency procedures, including
evacuation plans;

7. Check-in/check-out procedures;
8 Explosives;
9. Fire prevention and protection;

10. Mechanical equipment.



Questions 415

Questions

[S—

. What hazards underground do you know?

2.  What is underground ventilation provided for?

3. What happens if there are too much noxious gases present
underground?

4. What is the minimum amount of a fresh air that should be present

underground?

In what cases an open fire is allowed underground?

Why is smoking prohibited underground?

Why is air monitoring should be carried out on a constant basis?

® =N aHw»

What percentage of oxygen must be present underground for miners

breathing?

9. How can an excessive noise cause troubles to miners?

10. Why should a mine roof be supported and how is it conducted?

11. How can you define a disaster?

12. Why medical examination is so important for the miners?

13. What personal protective equipment do you know? Briefly describe
the purpose of each item.

14. Miners training — what is it carried out for? And what activities does

it include?
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health and safety
excessive
undesirable
ventilation and light
egress

exposure to some-
thing

flooding
explosion

falls of roof

face

side

haulage

ignitions

dust

inundations of water
injuries

suffocation

heat strokes

lung diseases
pneumoconiosis

dermatitis

common denominator
in sufficient amounts
fumes

mist

vapors

to be prohibited

permitted

Vocabulary

[ 'hel6 ond 'serfti:]
[1k'sestv]
[and1'zatarab(a)1]
[ venta'lerfon oand 'lart]
['i:,gres]
[1k'spov3zer to
'som(p)6m]
['flodig]
[1k'splovzen]

[ folz ov 'ru:f]
['fers]

['sard]
[ holid3]

[1g'n1fonz]

['dast]

[ mon'detfonz ov ‘'wotar]
['mnd3ri:z]

[ sofo'ketfon]

['hi:t 'strouks]

['lony d1'zi:z1z]

[ nu:mou koovni: ousas]

[ dorma'tartas]

[ 'kamon di'namo nertor]
[ sa'fifont o' maeovnts]
[ fjumz]

[ 'must]

['verparz]

[to 'bi: prov hibatid]
[por 'mitid]

3I0OPOBBE U OE30MACHOCTD
Ype3MEPHBII
HEKeJaTeIbHbIN
BEHTUJISILIUS M OCBELICHHUE
BBIXOJI, CPEICTBO ABAKyalluu
MOJIBEpraHue 4eMy-JIn0o

3aTOILICHHE, OOBOJHEHUE
B3pBIB

00pYyIIIeHNE TTOYBEI
32001 BEIPaOOTKH

OOK BBIpabOTKH

OTKAaTKa, TPaHCTIOPTUPOBKA, Tepe-
BO3Ka

BOCIUIAMECHEHUE, 3a)KUTaHUE

MBLTH
HABOJHCHHE, 3aTOIICHUE
MOBPEXKJCHUE, TPaBMa, yuiepo
yAyIbe, YOyIIeHue

TEIJIOBOM yaap

3a00JIeBaHHE JIETKUX
MTHEBMOKOHHO3

JIEPMAaTHT
o011 3HaMeHAaTEb

B JIOCTATOYHBIX KOJIMYECTBAX
ITBIM, Ta3bl, UCTIAPCHIE
TyMaH

HCTIApEHHUS, Tap

OBITH 3aMpCuICHHBIM

pa3pelIeHHbBIN
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7.6 WORKING ENVIRONMENT

Mining environment

Mining by its very nature requires
land, air and water systems be disturbed.
Digging a hole in the ground to gather
mineral resources means that various
aspects of the environment, such as land,
water and ecosystems, will be affected.

Environmental issues can include erosion, formation of sinkholes, loss
of biodiversity, and contamination of soil, groundwater and surface water
by chemicals from mining processes. Besides creating environmental
damage, the contamination resulting from leakage of chemicals also affect
the health of the local population.

Erosion of exposed hillsides, mine dumps, tailings dams and resultant
siltation of drainages, creeks and rivers can significantly impact the
surrounding areas. In areas of wilderness mining may cause destruction and
disturbance of ecosystems and habitats. In urbanized environments mining
may produce noise pollution, dust pollution and visual pollution.

The metals and industrial minerals

D AN GEH > that mining produces can find their way
bl —t into the environment and become
pollutants. The byproducts that occur with

H AZAHDOUS the metals, such as sulphur and arsenic,

can be dangerous to the environment if
SUBSTANCES they are released. Mining creates and
employs hazardous substances that must be
handled with a lot of care. The challenge

for industries is to find, extract and process mineral resources with the least
possible environmental disruption.
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Environmental geology relates the science of the Earth to the
activities of human beings.

It is concerned with geological processes influence on the human
environment, both through slow processes such as the influence on
landscape, and through hazardous events such as earthquakes or landslides.

Among possible threats to the health of miners are the following:
exposure to foxic gases and dusts, exposure to excessive heat and humidity,
inadequate illumination, noise and vibration problems, and oxygen-
deficient atmospheres. Some of these environmental stresses may inferact
to produce a greater overall effect.

The components of environmental geology used as a basis for this
book

Earth resources for society Human impacts on the Earth
land and soil resource extraction
subsurface water Cﬁ ground subsidence

construction materials engineering and agriculture

industrial minerals solid and liquid wastes
metallic minerals groundwater pollution
atmospheric wastes
<o

coal and petroleum

Geological influence on society
control on landscape and human geography,
geological hazards — earthquakes, volcanoes, landslides,
erosion, floods, subsidence, geomedical hazards

Fig. 7.14 Components of environmental geology
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Caving — _-;‘Subs’idénce. =
2 _ff_ limit line—

Fig. 7.15 Surface subsidence

Environmental geology focuses not only on the inputs but on its
outputs wastes and environmental degradation.

Geological influences on society covers the natural geological pro-
cesses that influence the environment and its use irrespective of human
activities, although some human actions may trigger or accelerate natural
processes such as floods, ground subsidence or earthquakes.

Earth resources for society describes the subsurface resources that
geologists are called upon to find. These include land, water and industrial
minerals as well as coal, petroleum and metallic minerals.

Human impacts on the Earth. This part also covers the deliberate
impacts of engineering and agriculture, and the unplanned pollution of land,
water and air by the wastes from society.
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Hazard type and assessment

Landslides, subsidence, earthquakes, coastal erosion - these are some
geological hazards. Together with technological, biological,

meteorological and hydrological hazards, they form a spectrum of natural
threats.

HEALTH HAZARD FLAMMARBILITY HAZARD

) EXTREME - Highly toxic - May be fatal () EXTREME - Extremely flammable gas
on short-term or liquid. Flash Point below 73°F.

€) SERIOUS - Taxic - Full protective suit €) SERIOUS - Flammable.
and breathing apparatus should be worn. Flash Point 73°F to 100°F.

€) MODERATE - Breathing apparatus €) MODERATE - Combustible.

and face m ust k orn. Requires moderate heating to ignite.

Flash Point below 200°F.
o SLIGHT - Breathing apparatus may
be worn. e SLIGHT - Slightly combustible.
o o S
0‘ MINIMAL - No precautions kil s
necessary. ) MINIMAL - Will not burn under
normal conditions.

SPECIFIC HAZARD INSTABILITY HAZARD
@) EXTREME - Explosive at room
OXIDIZER OXY temperature.
ACID ACID B SERIOUS - May detonate if shocked or
heated under confinement or mixed
ALKALl ALK with water,
€) MODERATE - Unstable. May react
CORROSIWE COR —
Use NO WATER W €D SLIGHT - May react if heated or mixed
with water.
RADIATION  %*
) MINIMAL - Normally stable.
Does not react with water.

Technological hazards are due to human activity rather than natural
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processes: landslides and the emission of greenhouse gases threaten climate
change.

Meteorological hazards
frost windstorm drought
snow rainstorm heatwave
hail lightning fog

Biological
hazards
epidemics
animal and plant
invasiohs
forest and grass-
land fires

J R

Technological

; hazards
transport accidents

- toxic releases and spills

tailures of buildings and structures |

industrial explosions and fires

nuclear reactor failure

nuclear and biological weapons

b Geolagical hazards
earthguakes

volcanoes

erasion and deposition
subsidence and mass movement:
geochemical hazard

Hydrological hazards

river flood sea ice and icebergs
marine flood glacial surges and
ave action meltwater

Fig. 7.16 Geological hazards in the context of other natural and human-induced
hazards

Mining companies in some countries are required to follow
environmental and rehabilitation codes, ensuring the area mined is returned
to close to its original state. Some environmental matters that mining laws
may incorporate into specific schedules or regulations include:

e safety of structures and operations; limiting exposure to
chemicals; explosive hazards;

e cstablishment of wastewater retention and treatment techniques,
safe management of contaminated runoff, and groundwater

contamination;

e soil erosion control and revegetation procedures during the
operation as well as afterwards;

e requirements to prepare plans for mine waste disposal;
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reclamation_and restoration of sites and disturbed areas, and
removal of all unused structures and machinery. (UNEP
UNDESA).

Questions

1. What environmental issues do you know?

2. What can erosion lead to?

3. What are pollutants?

4. Name threats to the health of miners.

5. What a surface subsidence is caused by and can lead to?
6. Name 4 types of hazards presenting natural threats

7. What goals does the mining law include?
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by its very nature
to affect
sinkhole

biodiversity
contamination
leakage
hillside

mine dump
erosion

siltation

Industrial mineral
pollutants

byproduct
arsenic
illumination
toxic gas
excessive
interact

to call upon
retention

runoff
revegetation

requirement

restoration
reclamation

Vocabulary

[bar 1ts "vert ‘nert(o(r)]

[tu: o'fekt ]
['sigkhoul]

[,batoudar'vz:siti]
[kon, teemi'mi/(o)n]
['li:kid3]
['hilsaid]

[main damp |
[1'rouz(o)n]

[siltati:on]

[1in'dastriol ['min(o)r(o)1]

[pa'lu:t(e)nt]

['bar,prodakt]

[ a:s(o)nik]
[1,I(j)u:mr'nerf(o)n]
['toksik [gees]
[1k'ses1v]

[ ,intor'xekt]

[tu: ko:1 o'pon]
[r1'ten(t)f (o)n]

[ru: nof]
[revegoa:tei [(9)n]

[rikwatomont]

[rest(s)'relj (o)n]
[,reklo'me1)(o)n]

B CYIIIHOCTH, TI0 CBOEH HaType,
npupoe

OKa3bIBaTh BIUSHHE, BO3ACHCT-
BHUE,3aTParuBaTh, BIHUATH
KapcToBas BOPOHKa, sIMa, KOJIO-
Acn

6ropasHoooOpazne
3arpsi3HEHNe, 3apaKeHUe
IPOTEUKa, Te4b, IPOCauYNBaHHIE
CKJIOH TOPBI, XOJIMa

HIaXTHBIA OTBaJ

9po3Hsi, pa3pyLieHue,
pa3MbIBaHUE

3aWIeHUE, OTII0)KEHHE HAHOCOB

MIPOMBIIUICHHBIE MUHEPAIIBI
IycTasi IOpoJia, 3arpsI3HSIOIIUN
areHT/BELIECTBO

OOOYHBIN MPOTYKT

MBIIIBSK

OCBEIIICHHE

TOKCUYHBIN Ta3

Ype3MepHbIN
B3aMMO/ICHICTBOBATH, BIIUATH
JpyT Ha Ipyra

MIPU3bIBATH

yaepKaHue, 3a/iep>KaHue,
COXpaHeHHe

CJIMB, CTOK, CIIYCK (?KHIKOCTH)
BOCCTaHOBJICHUE
PACTHTEBHOCTH, PEKYJILTHBAIIHS
TpeOOBaHMUs, HEOOXOUMBIC
yCIIOBUSA

BOCCTaHOBJICHHE

MOBTOPHOE UCIOJIb30BaHUE,
BOCCTaHOBIICHHE, PEKYJIbTHBAITIS
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Issues concerning global importance
of mineral resources in the society
life, their amount, origin and
classification are given. Mine
development stages and economical
aspects are considered. Opening and

development schemes, mining

methods during coal seams mining
are described. Nontraditional
mining methods are educed. The
reviewed material is based on great
scientific and practical experience.

Tutorial is dedicated for students,
masters and postgraduates of hlgher

“Nanine” with profound learning
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