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Introduction
In the time of the preparation of this textbook the only known populated planet had been the Earth. Which is
more chapters of this book will be red at this planet, too.
The Earth is our home. It is why we have to know it in details. This means the base of our common future.
The book can be divided into twelve chapters. It begins with the basics of geology than follows with the
geological aspects of buildings than shows the how the human activity influence the geological environment.
The book is not a pure theoretical work, but through case studies introduces many case studies strengthen the
practical aspects of the topic.
This the only textbook which deals with the basics of the two large scientific themes, the enginiering geology
and the environmental geology at a time.
The author hopes that his work conductive enbcontribution to the understanding of the subjet.

1. 1. Fundamentals of geology I. (lithosphere)
1.1. 1.1. The formation of the Earth
On the base of lunar and meteorite rocks Earth formed in this manner about 4.6 billion years ago (with an
uncertainty of 1%) and was largely completed within 10–20 million years. The proto-Earth grew by accretion
1
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until its interior was hot enough to melt the heavy, siderophile metals. Having higher densities than the silicates,
these metals sank. This so-called iron catastrophe resulted in the separation of a primitive mantle and a
(metallic) core only 10 million years after the Earth began to form, producing the layered structure of Earth and
setting up the formation of Earth's magnetic field (Hartai 2003, Kubovics 2008).

1.2. 1.2. Structure of the Earth
The force exerted by Earth's gravity can be used to calculate its mass, and by estimating the volume of the Earth,
its average density can be calculated. Astronomers can also calculate Earth's mass from its orbit and effects on
nearby planetary bodies. Observations of rocks, bodies of water and atmosphere allow estimation of the mass,
volume and density of rocks to a certain depth, so the remaining mass must be in the deeper layers.
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, mesospheric 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. The geologic component layers of Earth are at the
following depths below the surface (Völgyesi 2002, Hartai 2003, Kubovics 2008) (Fig. 1.1.):

Fig. 1.1. Sztructure of the Earth (www.pubs.usgs.gov)
The layering of Earth has been inferred indirectly using the time of travel of refracted and reflected seismic
waves created by earthquakes. The core does not allow shear waves to pass through it, while the speed of travel
(seismic velocity) is different in other layers. The changes in seismic velocity between different layers cause
refraction owing to Snell's law. Reflections are caused by a large increase in seismic velocity and are similar to
light reflecting from a mirror(Völgyesi 2002, Hartai 2003, Kubovics 2008) (Fig.1.2.).
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Fig. 1.2. The spreading of earthquake waves in the Earth (Báldi 1991)
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 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 (felsic) sodium potassium
aluminium silicate rocks, like granite. The crust-mantle boundary occurs as two physically different events.
First, there is a discontinuity in the seismic velocity, which is known as the Mohorovičić discontinuity or Moho.
The cause of the Moho is thought to be a change in rock composition from rocks containing plagioclase feldspar
(above) to rocks that contain no feldspars (below). Second, in oceanic crust, there is a chemical discontinuity
between ultramafic cumulates and tectonized harzburgites, which has been observed from deep parts of the
oceanic crust that have been obducted onto the continental crust and preserved as ophiolite sequences.
Many rocks now making up Earth's crust formed less than 100 million (1×108) years ago; however, the oldest
known mineral grains are 4.4 billion (4.4×109) years old, indicating that Earth has had a solid crust for at least
that long (Völgyesi 2002, Hartai 2003, Kubovics 2008) (Fig.1.3.).
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Fig. 1.3. Structure and thickness of the lithosphere (www.claseshistoria.com)
Earth's mantle extends to a depth of 2,890 km, making it the thickest layer of Earth. The pressure, at the bottom
of the mantle, is ~140 GPa (1.4 Matm). The mantle is composed of silicate rocks that are rich in iron and
magnesium relative to the overlying crust. Although solid, the high temperatures within the mantle cause the
silicate material to be sufficiently ductile that it can flow on very long timescales. Convection of the mantle is
expressed at the surface through the motions of tectonic plates. The melting point and viscosity of a substance
depends on the pressure it is under. As there is intense and increasing pressure as one travels deeper into the
mantle, the lower part of the mantle flows less easily than does the upper mantle (chemical changes within the
mantle may also be important). The viscosity of the mantle ranges between 1021 and 1024 Pa·s, depending on
depth. In comparison, the viscosity of water is approximately 10−3 Pa·s and that of pitch is 107 Pa·s (Völgyesi
2002, Hartai 2003, Kubovics 2008) (Fig.1.4.).
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Fig. 1.4. The inner structure of the Earth and the characteristic boundaries (Báldi 1991)
The average density of Earth is 5,515 kg/m3. Since the average density of surface material is only around 3,000
kg/m3, we must conclude that denser materials exist within Earth's core. Further evidence for the high density
core comes from the study of seismology.
Seismic measurements show that the core is divided into two parts, a solid inner core with a radius of ~1,220 km
and a liquid outer core extending beyond it to a radius of ~3,400 km. The solid inner core was discovered in
1936 by Inge Lehmann and is generally believed to be composed primarily of iron and some nickel. In early
stages of Earth's formation about 4.5 billion (4.5×109) years ago, melting would have caused denser substances
to sink toward the center in a process called planetary differentiation (see also the iron catastrophe), while lessdense materials would have migrated to the crust. The core is thus believed to largely be composed of iron
(80%), along with nickel and one or more light elements, whereas other dense elements, such as lead and
uranium, either are too rare to be significant or tend to bind to lighter elements and thus remain in the crust (see
felsic materials). Some have argued that the inner core may be in the form of a single iron crystal.
Under laboratory conditions a sample of iron nickel alloy was subjected to the corelike pressures by gripping it
in a vise between 2 diamond tips, and then heating to approximately 4000 K. The sample was observed with xrays, and strongly supported the theory that Earth's inner core was made of giant crystals running north to south.
5
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The liquid outer core surrounds the inner core and is believed to be composed of iron mixed with nickel and
trace amounts of lighter elements. Recent speculation suggests that the innermost part of the core is enriched in
gold, platinum and other siderophile elements.
Convection in the outer core, combined with the Coriolis effect, gives rise to Earth's magnetic field. The solid
inner core is too hot to hold a permanent magnetic field (see Curie temperature) but probably acts to stabilize the
magnetic field generated by the liquid outer core. The average magnetic field strength in Earth's outer core is
estimated to be 25 Gauss, 50 times stronger than the magnetic field at the surface.
The current scientific explanation for Earth's temperature gradient is a combination of heat left over from the
planet's initial formation, decay of radioactive elements, and freezing of the inner core (Völgyesi 2002, Hartai
2003, Kubovics 2008) (Fig.1.4.).

1.3. 1.3. The shape of the Earth
The geoid, simply stated, is the shape that the surface of the oceans would take under the influence of gravity
alone. All points on that surface have the same scalar potential - there is no difference in potential energy
between any two. In that idealized situation, other influences such the rotation of the earth, winds due to solar
heating, and so on have no effect. The surface of the geoid is farther away from the centre of the earth where the
gravity is weaker, and nearer where it is stronger. The differences in gravity, and hence the scalar potential field,
arise from the uneven distribution of the density of matter in the earth.
Specifically, the geoid is the equipotential surface that would coincide with the mean ocean surface of the Earth
if the oceans and atmosphere were in equilibrium, at rest relative to the rotating Earth, and extended through the
continents (such as with very narrow canals). According to Gauss, who first described it, it is the "mathematical
figure of the Earth", a smooth but highly irregular surface that corresponds not to the actual surface of the
Earth's crust, but to a surface which can only be known through extensive gravitational measurements and
calculations. Despite being an important concept for almost two hundred years in the history of geodesy and
geophysics, it has only been defined to high precision in recent decades, for instance by works of Petr Vaníček,
and others. It is often described as the true physical figure of the Earth, in contrast to the idealized geometrical
figure of a reference ellipsoid (Fig. 1.5.).
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Fig. 1.5. 3D model of the geoid shape (www.sensoryoutput.com)

1.4. 1.4. Materials of the lithosphere – petrological bases
The lithosphere is the rigid outermost shell of the Earth. It comprises the crust and the portion of the upper
mantle that behaves elastically on time scales of thousands of years or greater. The lithosphere is underlain by
the asthenosphere, the weaker, hotter, and deeper part of the upper mantle. Rocks of the lithosphere are
generally classified by mineral and chemical composition, by the texture of the constituent particles and by the
processes that formed them. These indicators separate rocks into igneous, sedimentary, and metamorphic(Fig.
1.6.).
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Fig. 1.6. The rock cycle

1.4.1. 1.4.1. Igneous rocks
Igneous rock is formed through the cooling and solidification of magma or lava. Igneous rock may form with or
without crystallization, either below the surface as intrusive (plutonic) rocks or on the surface as extrusive
(volcanic) rocks. This magma can be derived from partial melts of pre-existing rocks in either a planet's mantle
or crust. 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 (Fig. 1.7.).
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Fig. 1.7. The places of igneous rock formation ( geo-team-tc.blogspot.com)
A schematic description of the order in which minerals form during the cooling and solidification of magma and
of the way the newly formed minerals react with the remaining magma to form yet another series of minerals.
The series is named after American geologist Norman L. Bowen (1887-1956), who first described the scheme.
Bowen determined that specific minerals form at specific temperatures as a magma cools (Fig.1.8.).
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Fig. 1.8. Cristallization model of Bowen
Igneous rocks are classified according to mode of occurrence, texture, mineralogy, chemical composition, and
the geometry of the igneous body.
The classification of the igneous rocks can be taken on the base of their silica-content. Ultramafic rocks have a
lowest content of silicon (SiO2 < 45%), with more than 90% of mafic minerals (e.g., dunite) (Fig.1.9.). Mafic
rocks content less silicon relative to felsic rocks (SiO2 < 50%), with predominance of mafic minerals pyroxenes,
olivines and calcic plagioclase; these rocks (example, basalt, gabbro) are usually dark coloured, and have a
higher density than felsic rocks (Fig. 1.10.). Intermediate rock‘s silicon content is between 50-70%, with
predominantly feldspars and plagioclases. Quartz doesn‘t occur in these rocks. They are usually dark coloured:
grey, reddish or brownish (example andesite, diorite) (Fig. 1.11.). Felsic rocks have a highest content of
silicon(SiO2> 70%), with predominance of quartz, alkali feldspars and plagioclases: the felsic minerals; these
rocks (e.g., granite, rhyolite) are usually light coloured, and have low density (Fig. 1.12.).

Fig. 1.9. Wherlite – an ultramafic plutonic rock – and its thin section
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Fig. 1.10. Gabbro – a mafic plutonic rock – and its thin section

Fig. 1.11. Diorite – a neutral plutonic rock – and its thin section

Fig. 1.12. Granite – a felsic plutonic rock – and its thin section
Texture also is an important criterion for the naming of igneous rocks. The texture of igneous rocks includes the
size, shape, orientation, and distribution of mineral grains and the intergrain relationships.
1. Phaneritic textures are typical of intrusive igneous rocks, these rocks crystallized slowly below the Earth's
surface. As a magma cools slowly the minerals have time to grow and form large crystals. The minerals in a
phaneritic igneous rock are sufficiently large to see each individual crystal with the naked eye. Examples of
phaneritic igneous rocks are gabbro, diorite and granite (Pict. 1.1.).
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2. Porphyritic textures develop when conditions during cooling of a magma change relatively quickly. The
earlier formed minerals will have formed slowly and remain as large crystals, whereas, sudden cooling causes
the rapid crystallization of the remainder of the melt into a fine grained (aphanitic) matrix. The result is an
aphanitic rock with some larger crystals (phenocrysts) imbedded within its matrix. Porphyritic texture also
occurs when magma crystallizes below a volcano but is erupted before completing crystallization thus forcing
the remaining lava to crystallize more rapidly with much smaller crystals. Examples of porphyritic igneous rock
include basalt, andesite and rhyolite (Pict .1.2.).
3. Aphanitic rocks in contrast to phaneritic rocks, typically form from lava which crystallize rapidly on or near
the Earth' surface. Because extrusive rocks make contact with the atmosphere they cool quickly, so the minerals
do not have time to form large crystals. The individual crystals in an aphanitic igneous rock are not
distinguisable to the naked eye (Pict .1.3.).
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Pict. 1.1. Granite - phaneritic texture
aphanitic texture

Pict.1.2. Andesite - porphyritic texture Pict.1.3. Rhyolite -

For igneous rocks where all minerals are visible at least via microscope, the mineralogy is used to classify the
rock. This usually occurs on ternary diagrams, where the relative proportions of four minerals. These are quartz
(Q), alkali feldspars (A), plagioclase feldspars (P), and feldspathoids (F). F and Q for chemical reasons cannot
exist together in one plutonic rock. Other minerals may and almost certainly occur in these rocks as well but
they have no significance in this classification scheme. The whole diagram is actually composed of two ternary
plots (QAP and FAP). To use the classification, the concentration (the mode) of these minerals must be known
and recalculated to make their sum 100%. This system was worked out by Streckeisen (Báldi 1991, Szakmány –
Józsa 2008) (Fig. 1.13.).

Fig. 1.13. Place of igneous rocks in the Streckeisen diagram

1.4.2. 1.4.2. Sedimentary rocks
Sedimentary rock is a type of rock that is formed by sedimentation of material at the Earth's surface and within
bodies of water. Sedimentation is the collective name for processes that cause mineral and/or organic particles
(detritus) to settle and accumulate or minerals to precipitate from a solution. Particles that form a sedimentary
rock by accumulating are called sediment. Before being deposited, sediment was formed by weathering and
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erosion in a source area, and then transported to the place of deposition by water(Fig.1.14.), wind, mass
movement or glaciers which are called agents of denudation.

Fig. 1.14. Transportation of different size fragments
Sedimentary rocks are deposited in layers as strata, forming a structure called bedding. The study of
sedimentary rocks and rock strata provides information about the subsurface that is useful for civil engineering,
for example in the construction of roads, houses, tunnels, canals or other constructions. Sedimentary rocks are
also important sources of natural resources like coal, fossil fuels, drinking water or ores. Based on the processes
responsible for their formation, sedimentary rocks can be subdivided into groups.
1. Clastic sedimentary rocks are composed of silicate minerals and rock fragments that were transported by
moving fluids (as bed load, suspended load, or by sediment gravity flows) and were deposited when these fluids
came to rest. Clastic rocks are composed largely of quartz, feldspar, rock (lithic) fragments, clay minerals, and
mica; numerous other minerals may be present as accessories and may be important locally (Báldi 1991,
Szakmány 2008a). Clastic sediment, and thus clastic sedimentary rocks, are subdivided according to the
dominant particle size (diameter). These are gravel (>2 mm diameter); sand (1/16 to 2 mm diameter); mud (clay
is <1/256 mm; silt (is between 1/16 and 1/256 mm) (Table 1.1.).

Grain size (mm) incoherent debris

cemented rocks

>256

boulder

coarse grained rocks:

64-256

coarse grain gravel

conglomerate

4-64

gravel

2-4

fine grain gravel

1-2

coarse grained sand

0,5-1

semi-coarse grained sand

0,25-0,5

medium-grained sand

0,125-0,25

small-grained sand

0,063-0,125

fine grained sand

breccia

sandstone
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0,031-0,063

coarse grained aleurite

0,016-0,031

medium-grained aleurite

0,008-0,016

fine grained aleurite

0,004-0,008

very fine grained aleurite

<0,004

clay

aleurolite

"mudrock"

clay stone

Table 1.1. Classification of siliciclastic rocks on the base of their grain size (Szakmány 2008)
Subdivision of these three broad categories is based on differences in clast shape (conglomerates and breccias),
composition (sandstones), grain size and/or texture (mudrocks).
Sedimentary rocks content different sized grains offer. When the rock is built by two or more dominant grain
size it is necessary to sign it in the name of the rock (example sandy marl) (Fig. 1.15.).

Fig. 1.15. Classification of the extrabasinal sedimentary rocks (Szakmány 2008a)
Extrabasinal sedimentary rocks can be arise both marine and continental environments. Size, roundness and
sorted of grains signed the original environment (1.16., 1.17. ábra).
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Fig. 1.16. Classification of the extrabasinal grains on the base of their shape and roundness (Szakmány
2008a)

Fig. 1.17. Classification of the extrabasinal grains on the base of their sorting (Szakmány 2008a)
2. Intrabasinal sedimentary rocks: Grains of intrabasinal sedimentary rocks are arise in the sedimentation basin.
The most frequent rocks of this group are carbonates, like limestone and dolomite. Carbonate rocks are made of
particles (composed >50% carbonate minerals) embedded in a cement. The particles are carbonate minerals,
mostly calcite (CaCO3) and dolomite (CaMg(CO3)2).Most carbonate rocks result from the accumulation of
bioclasts created by calcareous organisms. Therefore carbonate rocks originate in area favouring biological
activity i.e. in shallow and warm seas in areas with little to no siliciclastic input. In present day Earth these areas
are limited to ±40 latitude in region away or protected from erosion-prone elevated continental areas. Limestone
is composed largely of the minerals calcite and aragonite, which are different crystal forms of calcium carbonate
(CaCO3). Many limestones are composed from skeletal fragments of marine organisms such as coral or
foraminifera. Limestone makes up about 10% of the total volume of all sedimentary rocks. Calcite can be evolve
both continental and marine environments. The terrestrial carbonate rock called travertine. It formed by the
precipitation of carbonate minerals from solution in ground and surface waters, and/or geothermally heated hotsprings. Similar (but softer and extremely porous) deposits formed from ambient-temperature water are known
as tufa. Marine limestones have several types. Two classification schemes are in common use by those who
work on carbonate rocks. Although you will use only the Folk classification in lab, you should also become
familiar with the Dunham classification since it is widely used as well (Picts. 1.4-1.7.).
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Pict. 1.4. Travertine with leaf imprint

Pict. 1.5. Dropstone
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Pict. 1.6. Permian black, bitumenous limestone

Pict. 1.7. Pleistocene limestone

The Folk classification use the type of components to classify limestones. Allochemical rocks are those that
contain grains brought in from elsewhere (i.e. similar to detrital grains in clastic rocks). Orthochemical rocks are
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those in which the carbonate crystallized in place. Allochemical rocks have grains that may consist of
fossiliferous material, ooids, peloids, or intraclasts. These are embedded in a matrix consisting of
microcrystalline carbonate (calcite or dolomite), called micrite, or larger visible crystals of carbonate, called
sparite. Sparite is clear granular carbonate that has formed through recrystallization of micrite, or by
crystallization within previously existing void spaces during diagenesis. The name of the rock contains the type
of the orthochemical and allochemical components (example oosparite, biomicrite) (Báldi 1991, Haas 1998)
(Table 1.2.).

Quantity of
components

allochemical >10%
allochemical
component

Rocks of
reefs and
biohermas

<10% allochemical component

sparit micrit 1-10%
allochemical <1% alloe>mic e>spa component
chemical
rite
rite
component
>25% intraclast

intrasp intram dominant
arite icrite allochemical
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oospar oomic
ite
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<25% >25% ooid
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micrite
(if
it
with
contains
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content
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micrite
with ooid
content
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biopel biopel
3:1 and 1:3 sparite micrit
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micrite
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content
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<1:3

pelspa pelmic
rite
rite

micrite
with
peloid
content

Table 1.2. Classification of limestones after Folk (1959, 1962)
The Dunham classification is based on the concept of grain support. The classification divides carbonate rocks
into two broad groups, those whose original components were not bound together during deposition and those
whose original components formed in place and consist of intergrowths of skeletal material (Table1.3.).

Original components not bound together during deposition

contains mud (particles of clay and fine silt size)

Original
components
bound
together
during
the
deposition
lacks mud
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mud-supported

grain-supported

less than 10% allockemical components

more
than
allochemical
components

mudstone

wackestone

10%

packstone

grainston boundstone
e

Table 1.3. Classification of limestones after Dunham (1962)
Siliceous rocks are significant on the surface also. Siliceous sedimentary rocks are almost entirely composed of
silica (SiO2), typically as chert, opal, chalcedony or other microcrystalline forms. Chert is a mineralogically
simple rock consisting of microcrystalline quartz. Deposits of chert formed from the accumulation of siliceous
skeletons from microscopic organisms such as radiolaria and diatoms. It varies greatly in colour (from white to
black), but most often manifests as grey, brown, greyish brown and light green to rusty red; its colour is an
expression of trace elements present in the rock, and both red and green are most often related to traces of iron
(in its oxidized and reduced forms respectively). There are numerous varieties of chert, classified based on their
visible, microscopic and physical characteristics (Báldi 1991, Szakmány 2008a) (Pict.1.8, 1.9).
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Pict. 1.8. Radiolarite

Pict. 1.9. Diatomite
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Evaporite sedimentary rocks are composed of minerals formed from the evaporation of water. Marine evaporites
tend to have thicker deposits and are usually the focus of more extensive research. They also have a system of
evaporation. The first phase of the experiment begins when about 50% of the original water depth remains. At
this point, minor carbonates begin to form. The next phase in the sequence comes when the experiment is left
with about 20% of its original level. At this point, the mineral gypsum begins to form, which is then followed by
halite at 10%, excluding carbonate minerals that tend not to be evaporates. The most common minerals that are
generally considered to be the most representative of marine evaporates are calcite, gypsum and anhydrite,
halite, sylvite, carnallite, langbeinite, polyhalite, and kanite (Pict. 1.10.). Kieserite (MgSO4) may also be
included, which often will make up less than four percent of the overall content. However, there are
approximately 80 different minerals that have been reported found in evaporite deposits, though only about a
dozen are common enough to be considered important rock formers. Evaporite rocks commonly include
abundant halite (rock salt), gypsum, and anhydrite.
Organic-rich sedimentary rocks are a specific type of sedimentary rock that contains significant amounts (>3%)
of organic carbon. The most common types include coal, lignite, oil shale, or black shale. The organic material
may be disseminated throughout the rock giving it a uniform dark colour, and/or may be present as discrete
occurrences of tar, bitumen, asphalt, petroleum, coal or carbonaceous material. Organic-rich sedimentary rocks
may act as source rocks which generate hydrocarbons that accumulate in other sedimentary "reservoir" rocks
(1.11., 1.12. kép).
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Pict. 1.10. Halitte

Pict. 1.11. Brown coal

Pict. 1.12. Mineral oil

Petroleum is formed when large quantities of dead organisms, usually zooplankton and algae, are buried
underneath sedimentary rock and undergo intense heat and pressure. Petroleum is recovered mostly through oil
drilling. This comes after the studies of structural geology (at the reservoir scale), sedimentary basin analysis,
reservoir characterization (mainly in terms of porosity and permeable structures) (Báldi 1991, Szakmány 2008a)
(1.18. ábra).

Fig. 1.18. Genetic types of the petroleum traps (Stow 2006)
3. Volcanoclastites or pyroclastites are sedimentary rocks gearing to explosive volcanism. It contains more than
75% primer volcanic clasts. Components of volcanoclastic rocks are juvenile components, crystals and lithic
components.
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Pyroclastites can be classified on the base of their grain size when they content more than 75% volcanic clasts
(Table 1.4.).

grain size

incoherent sediment

diagenized rock

> 64 mm

block (angular)

pyroclastic breccia

bomb (rounded)

pyroclastic agglomerate

2 - 64 mm

lapilli

lapillite

0,0625 – 2 mm

coarse grained ash

coarse grained tuff

< 0,0625 mm

fine grained ash

fine grained tuf

Table 1.4. Classification of pyroclastites (Szakmány 2008)
We can determine pyroclastic rocks on the base of their chemism also (for example rhyolite tuff, andesite tuff,
basalt tuff).
When magmas reach the surface of the Earth they erupt from a vent. They may erupt explosive or
phreatomagmatic. 1. -Explosive eruptions are favored by high gas content and high viscosity. Explosive bursting
of bubbles will fragment the magma into clots of liquid that will cool as they fall through the air. 2. Phreatomagmatic eruptions are produced when magma comes in contact with shallow groundwater causing the
groundwater to flash to steam and be ejected along with pre-existing fragments of the rock and tephra from the
magma. Because the water expands so rapidly, these eruptions are violently explosive although the distribution
of pyroclasts around the vent is much less than in a Plinian eruption.Phreaticeruptions is a type of this. The
magma encounters shallow groundwater, flashing the groundwater to steam, which is explosively ejected along
with pre-exiting fragments of rock. No new magma reaches the surface.
Pyroclastites origin from the following types of the eruption‘s process:
1. Ash falls: When a volcano erupts, it will eject a wide variety of material into the air above it (called
pyroclastic fall). The fine material (millimetre-sized ash), which is derived from volcanic glass, rock and crystal
particles, can be carried by currents in the eruption column to high above the volcano and pass into the
downwind plume to rain out forming ash fall deposits.
2. Pyroclastic flows: If a large volume of volcanic debris is erupted quickly from a volcano, the eruption column
can collapse, like pointing a garden hose directly up in the sky. As the eruption column collapses it can
transform into an outwardly expanding flood of hot solid ejecta in a fluidizing gas cloud. This is known as a
pyroclastic flow. The flow direction may be topographically controlled. Flows often travel at speeds up to 200
km/h, and cause total destruction of the areas they cover. Flows maybe very hot (several hundred oC) and can
start fires. Some pyroclastic surges are cooler (usually less than 300 oC) and often deposit sticky wet mud.
3. Pyroclastic surges: Pyroclastic surges are low density flows of pyroclastic material. The reason they are low
density is because they lack a high concentration of particles and contain a lot of gases. These flows are very
turbulent and fast. They overtop high topographic features and are not confined to valleys. However, this type of
flow usually does not travel as far as a pyroclastic flow. Pyroclastic surges can travel up to at least 10 kilometers
from the source. There are three types of pyroclastic surges: 1) base surge, 2) ash cloud surge, and 3) ground
surge. A base surge is usually formed when the volcano initially starts to erupt from the base of the eruption
column as it collapses. It usually does not travel greater than 10 kilometers from its source. A ground surge
usually forms at the base of a pyroclastic flow. http://www.geo.mtu.edu/volcanoes/hazards/primer/images/volcimages/basesurge.jpgAn ash cloud surge forms when the eruption column is neither buoying material upward by
convection or collapsing (Báldi 1991, Szakmány 2008a).

1.4.3. 1.4.3. Metamorphic rocks
Metamorphic rock is the transformation of an existing rock type, the protolith, in a process called
metamorphism, which means "change in form". The protolith is subjected to heat and pressure (temperatures
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greater than 150 to 200 °C and pressures of 1500 bars) causing profound physical and/or chemical change. The
protolith may be sedimentary rock, igneous rock or another older metamorphic rock. Metamorphic rocks make
up a large part of the Earth's crust and are classified by texture and by chemical and mineral assemblage
(metamorphic facies). They may be formed simply by being deep beneath the Earth'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, which cause horizontal pressure, friction and distortion. They are also formed when rock
is heated up by the intrusion of hot molten rock called magma from the Earth's interior. The study of
metamorphic rocks (now exposed at the Earth's surface following erosion and uplift) provides information about
the temperatures and pressures that occur at great depths within the Earth's crust. Some examples of
metamorphic rocks are gneiss, slate, marble, schist, and quartzite (Fig. 1.19.).

Fig. 1.19. The places of metamorphic rock formation
Metamorphic minerals are those that form only at the high temperatures and pressures associated with the
process of metamorphism. These minerals, known as index minerals, include sillimanite, kyanite, staurolite,
andalusite, and some garnet.
Other minerals, such as olivines, pyroxenes, amphiboles, micas, feldspars, and quartz, may be found in
metamorphic rocks, but are not necessarily the result of the process of metamorphism. These minerals formed
during the crystallization of igneous rocks. They are stable at high temperatures and pressures and may remain
chemically unchanged during the metamorphic process. However, all minerals are stable only within certain
limits, and the presence of some minerals in metamorphic rocks indicates the approximate temperatures and
pressures at which they formed.
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
metamorphic rock marble, or in metamorphosed sandstone, recrystallization of the original quartz sand grains
results in very compact quartzite, in which the often larger quartz crystals are interlocked. Both high
temperatures and pressures contribute to recrystallization. High temperatures allow the atoms and ions in solid
crystals to migrate, thus reorganizing the crystals, while high pressures cause solution of the crystals within the
rock at their point of contact.
The concept of metamorphic facies was first proposed by Eskola (1915) who gave the following definition: A
metamorphic faciesis "a group of rocks characterised by a definite set of minerals which, under the conditions
obtaining during their formation, were at perfect equilibrium with each other. The quantitative and qualitative
mineral composition in the rocks of a given facies varies gradually in correspondence with variation in the
chemical bulk composition of the rocks". It is one of the strengths of the metamorphic facies classification that it
identifies the regularities and consistencies in mineral assemblage development, which may be related to P-T
conditions, but does not attempt to define actual pressures and temperatures. Eskola (1920, 1939) distinguished
eight facies, namely: greenschist, epidote-amphibolite, amphibolite, pyroxene-hornfels, sanidinite, granulite,
glaucophane-schist and eclogite facies. Todays people use more metamorphic facies than Eskola, but his system
usefull in the modern petrology also (Fig. 1.20.).
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Fig. 1.20. Classification of metamorphic rocks by Escola
Relative terms such as high-temperature or low-pressure are often used to refer to the physical conditions of
metamorphism but without precise designation of the temperatures and pressures involved. In order to maintain
similarity of meaning it is proposed that the whole spectrum of temperature conditions encountered in
metamorphism be divided into five parts, and the corresponding metamorphism may be designated as: very low, low-, medium-, high-, very high-temperature metamorphism. Likewise the broad range of pressure conditions
may be divided into five to give: very low-, low-, medium-, high-, very high-pressure metamorphism. In the
highest part of the very high pressure ultra-high-pressure metamorphism may be distinguished. The whole range
of P/T ratios encountered may be divided into three fields (radial sectors in a PT diagram) to give: low, medium,
high, P/T metamorphism.
The term metamorphic grade is widely used to indicate relative conditions of metamorphism, but it is used
variably. Within a given metamorphic area, the terms lower and higher grade have been used to indicate the
relative intensity of metamorphism, as related to either increasing temperature or increasing pressure conditions
of metamorphism or often both. To avoid this it is recommended that metamorphic grade should refer only to
temperature of metamorphism, following Winkler (1974, 1976). If the whole range of temperature conditions is
again divided into four, then we may refer to very low, low, medium, high, grade of metamorphism (Fig. 1.21.).
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Fig. 1.21. Metamorphic facies of Winkler (Szakmány 2008b)

1.5. 1.5. Movement processes in the lithosphere
Movements of lithosphere can be originate in two main processes. First one is isostasy, while the other is plate
tectonics.
Isostasy is a term used in geology to refer to the state of gravitational equilibrium between the earth's lithosphere
and asthenosphere such that the tectonic plates "float" at an elevation which depends on their thickness and
density. This concept is invoked to explain how different topographic heights can exist at the Earth's surface.
When a certain area of lithosphere reaches the state of isostasy, it is said to be in isostatic equilibrium. Isostasy
is not a process that upsets equilibrium, but rather one which restores it (a negative feedback). It is generally
accepted that the earth is a dynamic system that responds to loads in many different ways. However, isostasy
provides an important 'view' of the processes that are happening in areas that are experiencing vertical
movement (Fig. 1.22).

Fig. 1.22. Model of isostasy
Plate tectonics is a scientific theory that describes the large-scale motions of Earth's lithosphere. The lithosphere
is broken up into tectonic plates. On Earth, there are seven major plates (depending on how they are defined)
and many minor plates. Mechanically, the lithosphere is cooler and more rigid, while the asthenosphere is hotter
and flows more easily. In terms of heat transfer, the lithosphere loses heat by conduction, whereas the
asthenosphere also transfers heat by convection and has a nearly adiabatic temperature gradient. This division
should not be confused with the chemical subdivision of these same layers into the mantle and the crust. Three
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types of plate boundaries exist. They are associated with different types of surface phenomena. The different
types of plate boundaries are:
1. Divergent boundariesoccur where two plates slide apart from each other. Mid-ocean ridges (e.g., MidAtlantic Ridge) and active zones of rifting (such as Africa's East African Rift) are both examples of divergent
boundaries.
2. Convergent boundaries(or active margins) occur where two plates slide towards each other commonly
forming either a subduction zone (if one plate moves underneath the other) or a continental collision (if the two
plates contain continental crust). Deep marine trenches are typically associated with subduction zones, and the
basins that develop along the active boundary are often called "foreland basins". The subducting slab contains
many hydrous minerals, which release their water on heating; this water then causes the mantle to melt,
producing volcanism. Examples of this are the Andes mountain range in South America and the Japanese island
arc.
3. Transform boundaries occur where plates slide or, perhaps more accurately, grind past each other along
transform faults. The relative motion of the two plates is either sinistral (left side toward the observer) or dextral
(right side toward the observer). The San Andreas Fault in California is an example of a transform boundary
exhibiting dextral motion (Fig. 1.23.).

Fig. 1.23. Moving types of the lithosphere plates (Hartai 2003)
Rocks are under pressure in geological units because of the moving of lithosphere plates. These pressure calles
stress. In geology, stress is a physical quantity that expresses the internal forces that neighboring particles of
rocks exert on each other. For example, when a solid vertical bar is supporting a weight, each particle in the bar
pulls on the particles immediately above and below it. These forces are actually the average of a very large
number of intermolecular forces and collisions between the molecules in those particles. The answere of rock
blocks for these stress call straine. According to the type of strain, two main structural form can be divide.
Folds form under varied conditions of stress, hydrostatic pressure, pore pressure, and temperature gradient, as
evidenced by their presence in soft sediments, the full spectrum of metamorphic rocks, and even as primary flow
structures in some igneous rocks. A set of folds distributed on a regional scale constitutes a fold belt, a common
feature of orogenic zones. Folds have several types on the base of the shape, interlimb angle (Fig. 1.24.).
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Fig. 1.24. The most frequent fold types: A. symmetric fold; B. oblique fold; C. isoclinal fold, D.
overturned fold; E. horizontal fold (after Báldi 1991)
Because of friction and the rigidity of the rock, the rocks cannot glide or flow past each other. Rather, stress
builds up in rocks and when it reaches a level that exceeds the strain threshold, the accumulated potential energy
is dissipated by the release of strain. In this case stress causes fractures by exceeding the rock strength, causing
the rock to lose cohesion along its weakest plane. A fracture will sometimes form a deep fissure or crevice in the
rock. This deformation creates propagation of fractures. Faults are active form of fracture in a geologic
environment. Geologists can categorize faults into three groups based on the sense of slip: a fault where the
relative movement (or slip) on the fault plane is approximately vertical is known as a normal fault, or reverse
fault depending on direction of movement; where the slip is approximately horizontal, the fault is known as a
transcurrent or strike-slip fault (Völgyesi 2002, Hartai 2003) (Fig. 1.25.).

Fig. 1.25. The most frequent types of faults (Báldi 1991

1.6. Presentation
For more information on this chapter see the presentation below
Presentation

1.7. Self-checking tests
1 Introduce the formation and the inner structure of the Earth! 2 Characterize the rocks of the lithosphere! 3
Explain the locomotion types of the lithosphere plates!
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2. 2. Fundamentals of geology II. (palaeoecological
reconstruction)
2.1. 2.1. Stratigraphy
Nicholas Steno established the theoretical basis for stratigraphy when he reintroduced the law of superposition
and introduced the principle of original horizontality and the principle of lateral continuity in a 1669 work on
the fossilization of organic remains in layers of sediment. Steno, in his Dissertationis prodromus of 1669 is
credited with three of the defining principles of the science of stratigraphy: the law of superposition: "...at the
time when any given stratum was being formed, all the matter resting upon it was fluid, and, therefore, at the
time when the lower stratum was being formed, none of the upper strata existed"; the principle of original
horizontality: "Strata either perpendicular to the horizon or inclined to the horizon were at one time parallel to
the horizon"; the principle of lateral continuity: "Material forming any stratum were continuous over the surface
of the Earth unless some other solid bodies stood in the way"; and the principle of cross-cutting relationships:
"If a body or discontinuity cuts across a stratum, it must have formed after that stratum." These principles were
applied and extended in 1772 by Jean-Baptiste L. Romé de l'Isle. Steno's ideas still form the basis of
stratigraphy and were key in the development of James Hutton's theory of infinitely repeating cycles of seabed
deposition, uplifting, erosion, and submersion.
Using Steno‘s theory we are able to determine the relative age of strata (Fig. 2.1.). There are several methods for
stratigraphic correlation. The most common used are lithostratigraphy, biostratigraphy and chronostratigraphy.

Fig. 2.1. The rule of superposition
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Lithostratigraphy
Lithostratigraphy, or lithologic stratigraphy, provides the most obvious visible layering. It deals with the
physical contrasts in lithology, or rock type. Such layers can occur both vertically - in layering or bedding of
varying rock type - and laterally - reflecting changing environments of deposition, known as facies change. Key
elements of stratigraphy involve understanding how certain geometric relationships between rock layers arise
and what these geometries mean in terms of the depositional environment. Stratigraphers have codified a basic
concept of their discipline in the Law of Superposition, which simply states that, in an undeformed stratigraphic
sequence, the oldest strata occur at the base of the sequence.
The conventional hierarchy of formal lithostratigraphic terms is as follows:
Group - two or more formations
Formation - primary unit of lithostratigraphy
Member - named lithologic subdivision of a formation
Bed - named distinctive layer in a member or formation
Flow - smallest distinctive layer in a volcanic sequence
The component units of any higher rank unit in the hierarchy need not be everywhere the same (Fig. 2.2.).

Fig. 2.2. Lithostratigraphy of the Hungarian Oligocene (www.mafi.hu)
Biostratigraphy
Biostratigraphy or paleontologic stratigraphy is based on fossil evidence in the rock layers. Strata from
widespread locations containing the same fossil fauna and flora are correlatable in time. Biologic stratigraphy
was based on William Smith's principle of faunal succession, which predated, and was one of the first and most
powerful lines of evidence for, biological evolution. It provides strong evidence for formation (speciation) of
and the extinction of species. The geologic time scale was developed during the 19th century, based on the
evidence of biologic stratigraphy and faunal succession. This timescale remained a relative scale until the
development of radiometric dating, which gave it and the stratigraphy it was based on an absolute time
framework, leading to the development of chronostratigraphy.
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One important development is the Vail curve, which attempts to define a global historical sea-level curve
according to inferences from worldwide stratigraphic patterns. Stratigraphy is also commonly used to delineate
the nature and extent of hydrocarbon-bearing reservoir rocks, seals, and traps in petroleum geology.
Biostratigraphic units may be enlarged to include more of the stratigraphic record, both vertically and
geographically, when additional data are obtained. In addition, since they depend on taxonomic practice,
changes in their taxonomic base may enlarge or reduce the body of strata included in a particular
biostratigraphic unit.
A biostratigraphic unit may be based on a single taxon, on combinations of taxa, on relative abundances, on
specified morphological features, or on variations in any of the many other features related to the content and
distribution of fossils in strata. The same interval of strata may be zoned differently depending on the diagnostic
criteria or fossil group chosen. Thus, there may be several kinds of biostratigraphic units in the same interval of
strata that may have gaps between them or overlaps of their vertical and horizontal ranges.
Biostratigraphic units are distinct from other kinds of stratigraphic units in that the organisms whose fossil
remains establish them show evolutionary changes through geologic time that are not repeated in the
stratigraphic record.
Five kinds of biozones are in common use: range zones, interval zones, assemblage zones, abundance zones,
and lineage zones. These types of biozones have no hierarchical significance, and are not based on mutually
exclusive criteria. A single stratigraphic interval may, therefore, be divided independently into range zones,
interval zones, etc., depending on the biostratigraphic features chosen.
Range Zone: The body of strata representing the known stratigraphic and geographic range of occurrence of a
particular taxon or combination of two taxa of any rank. There are two principal types of range zones: taxonrange zones and concurrent-range zones.
a. Taxon-range Zone: The body of strata representing the known range of stratigraphic and geographic
occurrence of specimens of a particular taxon. It is the sum of the documented occurrences in all individual
sections and localities from which the particular taxon has been identified.
b. Concurrent-range Zone: The body of strata including the overlapping parts of the range zones of two
specified taxa. This type of zone may include taxa additional to those specified as characterizing elements of the
zone, but only the two specified taxa are used to define the boundaries of the zone.
Interval Zone: The body of fossiliferous strata between two specified biohorizons. Such a zone is not itself
necessarily the range zone of a taxon or concurrence of taxa; it is defined and identified only on the basis of its
bounding biohorizons. Interval zones defined as the stratigraphic section comprised between the lowest
occurrence of two specified taxa ("lowest-occurrence zone") are also useful, preferably in surface work.
Lineage Zone: Lineage zones are discussed as a separate category because they require for their definition and
recognition not only the identification of specific taxa but the assurance that the taxa chosen for their definition
represent successive segments of an evolutionary lineage. The body of strata containing specimens representing
a specific segment of an evolutionary lineage. It may represent the entire range of a taxon within a lineage or
only that part of the range of the taxon below the appearance of a descendant taxon. Lineage zones are the most
reliable means of correlation of relative time by use of the biostratigraphic method.
Assemblage Zone: The body of strata characterized by an assemblage of three or more fossil taxa that, taken
together, distinguishes it in biostratigraphic character from adjacent strata. Not all members of the assemblage
need to occur in order for a section to be assigned to an assemblage zone, and the total range of any of its
constituents may extend beyond the boundaries of the zone.
Abundance zone: The body of strata in which the abundance of a particular taxon or specified group of taxa is
significantly greater than is usual in the adjacent parts of the section. Unusual abundance of a taxon or taxa in
the stratigraphic record may result from a number of processes that are of local extent, but may be repeated in
different places at different times. For this reason, the only sure way to identify an abundance zone is to trace it
laterally (Fig. 2.3.).
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Fig. 2.3. The main types of biozones
Chronostratigraphy
Chronostratigraphy is the branch of stratigraphy that studies the absolute, not relative, age of rock strata. The
branch is based upon deriving geochronological data for rock units, both directly and inferentially, so that a
sequence of time-relative events of rocks within a region can be derived. In essence, chronostratigraphy seeks to
understand the geologic history of rocks and regions. The ultimate aim of chronostratigraphy is to arrange the
sequence of deposition and the time of deposition of all rocks within a geological region and, eventually, the
entire geologic record of the Earth.
Magnetostratigraphy is a chronostratigraphic technique used to date sedimentary and volcanic sequences. The
method works by collecting oriented samples at measured intervals throughout a section. The samples are
analyzed to determine their detrital remnant magnetism (DRM), that is, the polarity of Earth's magnetic field at
the time a stratum was deposited. For sedimentary rocks, this is possible because, when very fine-grained
magnetic minerals (< 17 micrometres) fall through the water column, they orient themselves with Earth's
magnetic field. Upon burial, that orientation is preserved. The minerals behave like tiny compasses. For volcanic
rocks, magnetic minerals, which form as the melt cools, orient with the ambient magnetic field.
Stratification
Rivers, oceans, winds, and rain runoff all have the ability to carry the particles washed off of eroding rocks.
Such material, called detritus, consists of fragments of rocks and minerals. When the energy of the transporting
current is not strong enough to carry these particles, the particles drop out in the process of sedimentation.
Because sediment is deposited in low lying areas that often extend over wide areas, successive depositional
events produce layers called bedding or stratification that is usually the most evident feature of sedimentary
rocks. The layering can be due to differences in color of the material, differences in grain size, or differences in
mineral content or chemical composition. All of these differences can be related to differences in the
environment present during the depositional events. A series of beds are referred to as strata. A sequence of
strata that is sufficiently unique to be recognized on a regional scale is termed a formation. A formation is the
fundamental geologic mapping unit (Picts. 2.1., 2.2.) (Fig. 2.4.).
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Pict. 2.2. Discordant beds at Diósgyőr

Pict. 2.1. Concordant beds in the Wind Bryckyard
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Fig. 2.4. Two types of discordancy (Báldi 2003)
Stratification is manifested as differences in the nature of the deposit from stratum to stratum, in texture, and/or
in composition, and/or even in sedimentary structures. Some features of stratification are immediately
obvious—stratification is one of the most visible and striking features of sedimentary rocks—but some
stratification is subtle, and requires care in observation. Lamination, in particular, is often subtle and delicate.
Commonly, lamination is virtually invisible on fresh surfaces of sedimentary rocks but become apparent upon
slight to moderate weathering of the surface. Likewise, lamination in well-sorted non-consolidated sands does
not show up well on a cut and trimmed surface through the deposit until drying by the wind has etched some
laminae more than others (Pict. 2.3.).

Pict. 2.3. Cross-laminated sand at Radostyán
Sedimentary structures have many types in the geological material. Unstratified beds, planar stratification, cross
stratification and gradation are the most important among these.
Unbedded sediments
It can be occur that sediment units doesn‘t stratified. It can be formed because of primary and secondary causes
also. Originally unbedded sediments are the glacial sediments (tillite) or the reef sediments (Pict. 2.4.).
Secondary unbedding can be formed because of the bioturbation of inbenthos organisms (Pict. 2.5.).
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Pict. 2.4. Unbedded reef limestone

Pict. 2.5. Secondary unbedded structure in sand

Planar stratification
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Planar lamination forms when the flow is strong enough that the beds flatten out. The momentum of the
transported grains and fluid are high enough that they tend to move horizontally, eroding any irregularities in the
bed. This zone of planar lamination is called ―upper flow regime‖.
A special type of planar lamination is rhythmite or varve deposit. any form of repetitive sedimentary rock
stratification, either bed or lamination, that was deposited within a one-year time period. This annual deposit
may comprise paired contrasting laminations of alternately finer and coarser silt or clay, reflecting seasonal
sedimentation (summer and winter) within the year. Varved deposits are to be distinguished from rhythmites,
the latter also being made up of paired laminations or beds but with an annual cyclicity that cannot be proved.
Varved deposits are usually associated with fine-grained sediments, the muds or mudrocks, which include both
silt- and clay-grade materials. Laminations in many mudrocks are both thin and laterally persistent over large
areas (Picts. 2.6., 2.7.).

Pict. 2.6. Parallel bedded sand and clay

Pict. 2.7. Laminite

Cross-stratification
Cross-strata are layers of sediment that are inclined relative to the base and top of the set in which the inclined
layers are grouped. Each group is called a set of cross-strata or a cross-stratified bed. Individual cross-strata can
be classified as cross-laminae (<1 cm thick) or cross-beds (>1 cm thick). In general, each set of cross-strata is
deposited by a migrating bedform. Thin sets are deposited by small migrating bedforms sueh as ripples, small
dunes., or small antidunes, and thick sets are deposited by larger dunes, antidunes, bars, or other large bedforms.
Cross-strata are a natural record of transported sediment and arc therefore useful for understanding the
behaviour of modern bedforms and for interpreting environments in ancient deposits.
Cross-bedding can be subdivided according to the geometry of the sets and cross strata into subcategories. The
most commonly described types are tabular cross-bedding and trough cross-bedding. Tabular cross-bedding, or
planar bedding consists of cross-bedded units that are large horizontal wise with reverence to set thickness and
that have essentially planar bounding surfaces. Trough cross-bedding, on the other hand, consists of crossbedding units in which the bounding surfaces are bowed (Fig. 2.5.).
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Fig. 2.5. General model od cross stratification
Tabular (2D) cross-beds. Tabular (planar) cross-beds consist of cross-bedded units that have large horizontal
extent relative to set thickness and that have essentially planar bounding surfaces. The foreset laminae of tabular
cross-beds have curved laminae that have a tangential relationship to the basal surface. Tabular cross-bedding is
formed mainly by migration of large scale, straight crested ripples and dunes. It forms during lower flow regime
conditions and its individual beds range in thickness from a few tens of centimeters to a meter or more, but bed
thickness down to 10 centimeters has been observed. Where the set height is less than 6 centimeters and the
cross-stratification layers are only a few millimeters thick, the term cross-lamination is used. For larger features,
the term cross-bedding is used. They occur typically in granular sediments, especially sandstone, and are
indication of sediments deposited in deltas, sand dunes and glaciers (Fig. 2.6.).

Fig. 2.6. Model of 2D cross stratification
Trough (3D) cross-beds. Cross beds are layers of sediment that are inclined relative to the base and top of the
bed they are associated with. Cross beds can tell modern geologists many things about ancient environments
such as- depositional environment, the direction of sediment transport (paleocurrent) and even environmental
conditions at the time of deposition. Typically, units in the rock record are referred to as beds, while the
constituent layers that make up the bed are referred to as laminae, when they are less than 1 cm thick and strata
when they are greater than 1 cm in thickness. Cross beds are angled relative to either the base or the top of the
surrounding beds. As opposed to angled beds, cross beds are deposited at an angle rather than deposited
horizontally and deformed later on. Trough cross-beds have lower surfaces which are curved or scoop shaped
and truncate the underlying beds. The foreset beds are also curved and merge tangentially with the lower
surface. They are associated with sand dune migration (Fig. 2.7.).
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Fig. 2.7. Model of 3D cross stratifivcation
Climbing-ripple cross stratification: The lamination produced when ripples move with a positive angle of
climb is called climbing-ripple cross stratification. Net deposition during ripple formation produces an element
of vertical motion of ripple crests as well as an element of horizontal motion. Climbing ripples are formed as a
result; require net deposition, as in decelerating flows associated with river floods or turbidity currents.
Depending on the relative magnitude of the climb angle vs. the stoss angle, climbing ripples can be classified as
subcritically-climbing, critically-climbing, or supercritically-climbing (Fig. 2.8.).

Fig. 2.8. Cross section of climbing ripples
In the case of sand – clay alteration the following types of cross-bedding can be formed:
Hummocky cross-stratification is a small-size form of cross-bedding usually formed by the action of large
storms, such as hurricanes. It takes the form of a series of "smile"-like shapes, crosscutting each other. It is only
formed at a depth of water below fair-weather wave base and above storm-weather wave base. They are not
related to "hummocks" except in shape. This structure is formed under a combination of unidirectional and
oscillatory flow that is generated by relatively large storm waves in the ocean. Deposition involves fallout from
suspension and lateral tractive flow due to wave oscillation (Fig. 2.9.).
Lenticular bedding: Formed during periods of slack water, mud suspended in the water is deposited on top of
small formations of sand once the water's velocity has reached zero. It is classified by its large quantities of mud
relative to sand. The sand formations within the bedding display a 'lens-like' shape, giving the pattern its
respected name (Fig. 2.9.).
Flaser bedding: It created when a sediment is exposed to intermittent flows, leading to alternating sand and
mud layers. Individual sand ripples are created, which are later infilled by mud during quieter flow periods.
These mud drapes are typically a minor constituent of the deposit; they can consolidate within three hours,
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protecting the underlying layer from erosion. Flaser bedding typically forms in high-energy environments (Fig.
2.9.).

Fig. 2.9. Small-sized forms in sand-pelite system (Báldi 2003)
Gradation
Most commonly this takes the form of normal grading, with coarser sediments at the base, which grade upward
into progressively finer ones. Normally graded beds generally represent depositional environments which
decrease in transport energy as time passes, but also form during rapid depositional events. They are perhaps
best represented in turbidite strata, where they indicate a sudden strong current that deposits heavy, coarse
sediments first, with finer ones following as the current weakens. They can also form in terrestrial stream
deposits. In reverse or inverse grading the bed coarsens upwards. This type of grading is relatively uncommon
but is characteristic of sediments deposited by grain flow and debris flow. It is also observed in eolian ripples.
These deposition processes are examples of granular convection.

2.2. 2.2. Palaeoecology
Paleoecology is the study of the life and times of fossil organisms, the lifestyles of individual animals and plants
together with their relationships to each other and their surrounding environment. We know a great deal about
the evolution of life on our planet but relatively little about the ways organisms behaved and interacted.
Paleoecology is undoubtedly one of the more exciting disciplines in paleontology; reconstructing past
ecosystems and their inhabitants can be great fun. Fossil assemblages suffer from this information loss,
paleoecological studies must, nevertheless, have a reliable and sound taxonomic basis – fossils must be properly
identiﬁ ed. And although much paleoecological deduction is based on actualismor uniformitarianism, direct
comparisons with living analogs, some environments have changed through geological time as have the
lifestyles and habitats of many organisms.
There are two main areas of paleoecological research: paleoautecologyis the study of the ecology of a single
organism whereas paleosynecologylooks at communities or associations of organisms. For example, aut ecology
covers the detailed functions and life of a coral species, and synecology might be concerned with the growth and
structure of an entire coral reef, including the mutual relationships between species and their relationship to the
surrounding environment. The autecology of individual groups is discussed in the taxonomic chapters. In most
studies the functions of fossil animal or plants are established through analogies or homologies with living
organisms or structures or by a series of experimental and modeling techniques. Geological evidence, however,
remains the main test of these comparisons and models. In this chapter we focus on the community aspects of
paleoecology (synecology), reviewing the tools available to reconstruct past ecosystems and see how their
organisms socialized.
Within an ecosystem – all the populations of species living in association – there shape the ecosystem and that
can trigger large-scale changes if they disappear. A classic keystone species is the elephant: it forms the
landscape in large parts of Africa by knocking down trees and feeding on certain plants, and the whole scene
looks different when it disappears. Incumbent speciescan occupy the same ecological niche for many millions of
years, adding stability to many ecosystems.
The majority of fossil animals have been found in marine sediments, occupying a wide range of depths and
conditions. The distribution of the marine benthos is controlled principally by depth of water, oxygenation and
temperature. The main depth zones and pelagic environments are illustrated on Fig. 2.10.
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Fig. 2.10. Habitats in the ocean (Stow 2006)
In addition, the photic zone is the depth of water penetrated by light; this can vary according to water purity and
salinity but in optimum conditions it can extend down to about 100 m. Terrestrial environments are mainly
governed by humidity and temperature, and organisms inhabit a wide range of continental environments,
ranging from the Arctic tundras to the lush forests of the tropics. Marine environments host a variety of
lifestyles. The upper surface waters are rich in ﬂoating plankton, and nektonicorganisms swim at various levels
in the water column. Within the benthos – the beasts that live in or on the seabed – mobile nektobenthos scuttle
across the seaﬂ oor and the ﬁxed or sessile benthos are ﬁxed by a variety of structures. Infaunalorganisms live
beneath the sediment–water interface, while epifaunalive above it (Fig. 2.11.).
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Fig. 2.11. Characteristic benthic, nektonic and planktonic organisms of the oceans
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2.3. Presentation
For more information on this chapter see the presentation below
Presentation

2.4. Self-checking tests
1 Introduce the fundamentals of stratigraphy! 2 Explain the types of stratification in the case of sedimentary
rocks! 3 Describe the fundamental principles of palaeoecology!

3. 3. Engineering geology
Engineering geology is the application of the geologic sciences to engineering practice for the purpose of
assuring that the geologic factors affecting the location, design, construction, operation and maintenance of
engineering works are recognized and adequately provided for. Engineering geologists investigate and provide
geologic and geotechnical recommendations, analysis, and design associated with human development. The
realm of the engineering geologist is essentially in the area of earth-structure interactions, or investigation of
how the earth or earth processes impact human made structures and human activities.
Engineering geologic studies may be performed during the planning, environmental impact analysis, civil or
structural engineering design, value engineering and construction phases of public and private works projects,
and during post-construction and forensic phases of projects. Works completed by engineering geologists
include; geologic hazards, geotechnical, material properties, landslide and slope stability, erosion, flooding,
dewatering, and seismic investigations, etc. Engineering geologic studies are performed by a geologist or
engineering geologist that is educated, trained and has obtained experience related to the recognition and
interpretation of natural processes, the understanding of how these processes impact man-made structures (and
vice versa), and knowledge of methods by which to mitigate for hazards resulting from adverse natural or manmade conditions. The principal objective of the engineering geologist is the protection of life and property
against damage caused by geologic conditions (Fig. 3.1.).
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Fig. 3.1. Connection of engineering geology with other sciences
Engineering geologic practice is also closely related to the practice of geological engineering, geotechnical
engineering, soils engineering, environmental geology and economic geology. If there is a difference in the
content of the disciplines described, it mainly lies in the training or experience of the practitioner (Fig. 3.2.).
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Fig. 3.2. Using of observations, measurements and classifications in rock mechanics (Gálos – Vásárhelyi
2006)

3.1. 3.1. The practice
One of the most important roles of the engineering geologist is the interpretation of landforms and earth
processes to identify potential geologic and related man-made hazards that may impact civil structures and
human development. Nearly all engineering geologists are initially trained and educated in geology, primarily
during their undergraduate education. This background in geology provides the engineering geologist with an
understanding of how the earth works, which is crucial in mitigating for earth related hazards. Most engineering
geologists also have graduate degrees where they have gained specialized education and training in soil
mechanics, rock mechanics, geotechnics, groundwater, hydrology, and civil design. These two aspects of the
engineering geologists' education provides them with a unique ability to understand and mitigate for hazards
associated with earth-structure interactions.
An engineering geologist or geophysicist may be called upon to evaluate the excavatability (i.e. rippability) of
earth (rock) materials to assess the need for pre-blasting during earthwork construction, as well as associated
impacts due to vibration during blasting on projects.
3.2. Rock Mechanics
Soil mechanics is a discipline that applies principles of engineering mechanics, e.g. kinematics, dynamics, fluid
mechanics, and mechanics of material, to predict the mechanical behavior of soils. Rock mechanics is the
theoretical and applied science of the mechanical behaviour of rock and rock masses; it is that branch of
mechanics concerned with the response of rock and rock masses to the force fields of their physical
environment. The fundamental processes are all related to the behaviour of porous media. Together, soil and
rock mechanics are the basis for solving many engineering geologic problems.

3.1.1. 3.2.1. Uniaxial compressive strength
Compressive strength is the capacity of rocks to withstand axial loads tending to reduce size. It provides data (or
a plot) of force vs deformation for the conditions of the test method. When the limit of compressive strength is
reached, brittle materials are crushed. Concrete can be made to have high compressive strength, e.g. many
concrete structures have compressive strengths in excess of 50 MPa, whereas a material such as soft sandstone
may have a compressive strength as low as 5 or 10 MPa. By definition, the compressive strength of a material is
that value of uniaxial compressive stress reached when the material fails completely. The compressive strength
is usually obtained experimentally by means of a compressive test. The apparatus used for this experiment is the
same as that used in a tensile test (Table 3.1.).

Class

Name

Rock name

I.

extremely
rocks

II.

very hard rocks

massive granite, quartz.porphyrite, quartzite 200 – 150
shale, hard sandstone

III.

hard rocks

granite, massive
conglomerate, marl

IV.

moderately hard sandstone, limestone, marl, shale
rocks

80 – 50

8-5

V.

rather hard rocks semi-consolidated sandstone and limestone

50 – 20

5-2

hard massive quartzite, andesite, basalt

limestone,

Compressive
strength σc [MPa]

Strength
coefficies, f

> 200

20

sandstone, 150 – 80
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15

10

VI.

lesser hard rocks shale, coarse grained sandstone, gypsum, < 20
cemented sand, tuffs

2-1

VII.

compact soil

clay, loess, mud

-

1-0,8

VIII.

unconsolidated
soil

peat, wet mud, sand

-

0,6

IX.

grainy soil

sand, gravel

-

0,5

X.

quick soil

mud, wet loess, fluid sand

-

0,3

Table 3.1. Classification of rocks on the base of their compressive strength after Protodjakonov (GálosVásárhelyi 2006)
However, rather than applying a uniaxial tensile load, a uniaxial compressive load is applied. As can be
imagined, the specimen (usually cylindrical) is shortened as well as spread laterally. The uniaxial compressive
strength (UCS) test is an important tool used to characterize geomechanical rock behaviour. It is important
because the results, ie the compressive strength of rock, allows the study of a slope‘s stability for mines and road
slopes, indicates the applicability of the rock for the manufacture of coated plates, can be used in the
classification of rock masses, and to infer the behaviour of a substrate Rocky to support civilian structures,
amongst others (Fig. 3.3.).

Fig. 3.3. Compressive strength odf several rocks (Gálos – Vásárhelyi 2006)
In engineering design practice we mostly rely on the engineering stress. In reality, the truestress is different from
the engineering stress. Hence calculating the compressive strength of a material from the given equations will
not yield an accurate result.
The difference in values may therefore be summarized as follows:
· On compression, the specimen will shorten. The material will tend to spread in the lateral direction and hence
increase the cross sectional area.
· In a compression test the specimen is clamped at the edges. For this reason, a frictional force arises which will
oppose the lateral spread. This means that work has to be done to oppose this frictional force hence increasing
the energy consumed during the process. This results in a slightly inaccurate value of stress which is obtained
from the experiment (Fig. 3.4., 3.5.).
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Fig. 3.4. Method of tension strength examination (Gálos-Vásárhelyi 2006)
As a final note, it should be mentioned that the frictional force mentioned in the second point is not constant for
the entire cross section of the specimen. It varies from a minimum at the centre to a maximum at the edges. Due
to this a phenomenon known as barrelling occurs where the specimen attains a barrel shape.

Fig. 3.5. Method of compressive strength examination (Gálos-Vásárhelyi 2006)

3.1.2. 3.2.2. Fracture
In geotechnical engineering a fracture forms a discontinuity that may have a large influence on the mechanical
behavior (strength, deformation, etc.) of soil and rock masses in, for example, tunnel, foundation, or slope
construction.
Fractures also play a significant role in minerals exploitation. One aspect of the upstream energy sector is the
production from naturally fractured reservoirs. There are a good number of naturally fractured reservoirs in the
United States, and over the past century, they have provided a substantial boost to the nation's net hydrocarbon
production.
The key concept is while low porosity, brittle rocks may have very little natural storage or flow capability, the
rock is subjected to stresses that generate fractures, and these fractures can actually store a very large volume of
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hydrocarbons, capable of being recovered at very high rates. One of the most famous examples of a prolific
naturally fractured reservoir was the Austin Chalk formation in South Texas. The chalk had very little porosity,
and even less permeability. However, tectonic stresses over time created one of the most extensive fractured
reservoirs in the world. By predicting the location and connectivity of fracture networks, geologists were able to
plan horizontal wellbores to intersect as many fracture networks as possible. Many people credit this field for
the birth of true horizontal drilling in a developmental context. Another example in South Texas is the
Georgetown and Buda limestone formations.
Furthermore, the recent uprise in prevalence of unconventional reservoirs is actually, in part, a product of
natural fractures. In this case, these microfractures are analogous to Griffith Cracks, however they can often be
sufficient to supply the necessary productivity, especially after completions, to make what used to be marginally
economic zones commercially productive with repeatable success.
However, while natural fractures can often be beneficial, they can also act as potential hazards while drilling
wells. Natural fractures can have very high permeability, and as a result, any differences in hydrostatic balance
down the well can result in well control issues. If a higher pressured natural fracture system is encountered, the
rapid rate at which formation fluid can flow into the wellbore can cause the situation to rapidly escalate into a
blowout, either at surface or in a higher subsurface formation. Conversely, if a lower pressured fracture network
is encountered, fluid from the wellbore can flow very rapidly into the fractures, causing a loss of hydrostatic
pressure and creating the potential for a blowout from a formation further up the hole (Picts. 3.1-3.3.) (Fig.
3.6.).
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Pict. 3.1. Hardly fractured rock
fractured rock

Pict. 3.2. Stratigraphically fractured
sandstone
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Pict. 3.3. Tectonically

Fig. 3.6. Types of fracture systems (Török 2007)

3.1.3. 3.2.3. Shear strenght
The shear strength of a discontinuity in a soil or rock mass may have a strong impact on the mechanical
behavior of a soil or rock mass. The shear strength of a discontinuity is often considerably lower than the shear
strength of the blocks of intact material in between the discontinuities, and therefore influences, for example,
tunnel, foundation, or slope engineering, but also the stability of natural slopes. Many slopes, natural and manmade, fail due to a low shear strength of discontinuities in the soil or rock mass in the slope. The deformation
characteristics of a soil or rock mass are also influenced by the shear strength of the discontinuities. For
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example, the modulus of deformation is reduced, and the deformation becomes plastic (i.e. non-reversible
deformation on reduction of stress) rather than elastic (i.e. reversible deformation). This may cause, for
example, larger settlement of foundations, which is also permanent even if the load is only temporary.
Furthermore the shear strength of discontinuities influences the stress distribution in a soil or rock mass (Fig.
3.7.).

Fig. 3.7. Modelling of shear strengthin the case of slope and tunnel (Gálos – Vásárhelyi 2006)

3.2. 3.3. Soil mechanics
Soil mechanics is a branch of engineering mechanics that describes the behavior of soils. It differs from fluid
mechanics and solid mechanics in the sense that soils consist of a heterogeneous mixture of fluids (usually air
and water) and particles (usually clay, silt, sand, and gravel) but soil may also contain organic solids, liquids,
and gasses and other matter. Along with rock mechanics, soil mechanics provides the theoretical basis for
analysis in geotechnical engineering, a subdiscipline of Civil engineering, and engineering geology, a
subdiscipline of geology. Soil mechanics is used to analyze the deformations of and flow of fluids within natural
and man-made structures that are supported on or made of soil, or structures that are buried in soils. Example
applications are building and bridge foundations, retaining walls, dams, and buried pipeline systems. Principles
of soil mechanics are also used in related disciplines such as engineering geology, geophysical engineering,
coastal engineering, agricultural engineering, hydrology and soil physics.

3.2.1. Grain size distribution
Soils consist of a mixture of particles of different size, shape and mineralogy. Because the size of the particles
obviously has a significant effect on the soil behavior, the grain size and grain size distribution are used to
classify soils. The grain size distribution describes the relative proportions of particles of various sizes. The
grain size is often visualized in a cumulative distribution graph which, for example, plots the percentage of
particles finer than a given size as a function of size. The median grain size,
, is the size for which 50% of
the particle mass consists of finer particles. Soil behavior, especially the hydraulic conductivity, tends to be
dominated by the smaller particles, hence, the term "effective size", denoted by
, is defined as the size for
which 10% of the particle mass consists of finer particles.
Sands and gravels that possess a wide range of particle sizes with a smooth distribution of particle sizes are
called well graded soils. If the soil particles in a sample are predominantly in a relatively narrow range of sizes,
the soil are called uniformly graded soils. If there are distinct gaps in the gradation curve, e.g., a mixture of
gravel and fine sand, with no coarse sand, the soils may be called gap graded. Uniformly graded and gap graded
soils are both considered to be poorly graded. There are many methods for measuring particle size distribution.
The two traditional methods are sieve analysis and hydrometer analysis.
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3.2.1.1. The classification of fine-grained soils, i.e., soils that are finer than sand, is determined
primarily by their Atterberg limits. If it is important to determine the grain size distribution of
fine-grained soils, the hydrometer test may be performed. In the hydrometer tests, the soil
particles are mixed with water and shaken to produce a dilute suspension in a glass cylinder,
and then the cylinder is left to sit. A hydrometer is used to measure the density of the
suspension as a function of time. Clay particles may take several hours to settle past the
depth of measurement of the hydrometer. Sand particles may take less than a second. Stoke's
law provides the theoretical basis to calculate the relationship between sedimentation velocity
and particle size. ASTM provides the detailed procedures for performing the hydrometer test.
Clay particles can be sufficiently small that they never settle because they are kept in
suspension by Brownian motion, in which case they may be classified as colloids.

3.2.2. Mass-volume relations
There are a variety of parameters used to describe the relative proportions of air, water and solid in a soil. This
section defines these parameters and some of their interrelationships. The basic notation is as follows:
,
,
,
,

, and

represent the volumes of air, water and solids in a soil mixture;

, and

represent the weights of air, water and solids in a soil mixture;

, and

represent the masses of air, water and solids in a soil mixture;

, and

represent the densities of the constituents (air, water and solids) in a soil mixture;

Note that the weights, W, can be obtained by multiplying the mass, M, by the acceleration due to gravity, g; e.g.,

Density (
) of the mixture, i.e., the total mass of air, water, solids divided by the total volume of air water and
solids (the mass of air is assumed to be zero for practical purposes):

Dry Density (

) is the mass of solids divided by the total volume of air water and solids.

Buoyant Density ( ), defined as the density of the mixture minus the density of water is useful if the soil is
submerged under water.
Porosity,

, is the ratio of volume of voids to the total volume, and is related to the void ratio:

3.3. Effective stress and capillarity
To understand the mechanics of soils it is necessary to understand how normal stresses and shear stresses are
shared by the different phases. Neither gas nor liquid provide significant resistance to shear stress. The shear
resistance of soil is provided by friction and interlocking of the particles. The friction depends on the
intergranular contact stresses between solid particles. The normal stresses, on the other hand, are shared by the
fluid and the particles. Although the pore air is relatively compressible, and hence takes little normal stress in
most geotechnical problems, liquid water is relatively incompressible and if the voids are saturated with water,
the pore water must be squeezed out in order to pack the particles closer together.

3.3.1. Hydrostatic conditions
If there is no pore water flow occurring in the soil, the pore water pressures will be hydrostatic. The water table
is located at the depth where the water pressure is equal to the atmospheric pressure. For hydrostatic conditions,
the water pressure increases linearly with depth below the water table:

where

is the density of water, and

is the depth below the water table.
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3.3.2. Capillary action
Due to surface tension water will rise up in a small capillary tube above a free surface of water. Likewise, water
will rise up above the water table into the small pore spaces around the soil particles. In fact the soil may be
completely saturated for some distance above the water table. Above the height of capillary saturation, the soil
may be wet but the water content will decrease with elevation. If the water in the capillary zone is not moving,
the water pressure obeys the equation of hydrostatic equilibrium,
, but note that , is negative above the
water table. Hence, hydrostatic water pressures are negative above the water table. The thickness of the zone of
capillary saturation depends on the pore size, but typically, the heights vary between a centimeter or so for
coarse sand to tens of meters for a silt or clay.
The surface tension of water explains why the water does not drain out of a wet sand castle or a moist ball of
clay. Negative water pressures make the water stick to the particles and pull the particles to each other, friction
at the particle contacts make a sand castle stable. But as soon as a wet sand castle is submerged below a free
water surface, the negative pressures are lost and the castle collapses. Considering the effective stress equation,
, if the water pressure is negative, the effective stress may be positive, even on a free surface (a surface where
the total normal stress is zero). The negative pore pressure pulls the particles together and causes compressive
particle to particle contact forces.
Negative pore pressures in clayey soil can be much more powerful than those in sand. Negative pore pressures
explain why clay soils shrink when they dry and swell as they are wetted. The swelling and shrinkage can cause
major distress, especially to light structures and roads. Later sections of this article address the pore water
pressures for seepage and consolidation problems.

3.3.3. Atterberg limits
Clays and silts, often called 'fine-grained soils', are classified according to their Atterberg limits; the most
commonly used Atterberg limits are the liquid limit (denoted by LL or ), plastic limit (denoted by PL or
), and Shrinkage limit (denoted by SL). The shrinkage limit corresponds to a water content below
which the soil will not shrink as it dries.
The liquid limit and plastic limit are arbitrary limits determined by tradition and convention. The liquid limit is
determined by measuring the water content for which a groove closes after 25 blows in a standard test.
Alternatively, a fall cone test apparatus may be use to measure the liquid limit. The undrained shear strength of
remolded soil at the liquid limit is approximately 2 kPa. The plastic limit is the water content below which it is
not possible to roll by hand the soil into 3 mm diameter cylinders. The soil cracks or breaks up as it is rolled
down to this diameter. Remolded soil at the plastic limit is quite stiff, having an undrained shear strength of the
order of about 200 kPa.
The plasticity index of a particular soil specimen is defined as the difference between the liquid limit and the
plastic limit of the specimen; it is an indicator of how much water the soil particles in the specimen can absorb.
The plasticity index is the difference in water contents between states when the soil is relatively soft and the soil
is relatively brittle when molded by hand.

3.3.4. Liquidity index
The effects of the water content on the strength of saturated remolded soils can be quantified by the use of the
liquidity index, LI:

When the LI is 1, remolded soil is at the liquid limit and it has an undrained shear strength of about 2 kPa. When
the soil is at the plastic limit, the LI is 0 and the undrained shear strength is about 200 kPa.

3.3.5. Relative density
The density of sands (cohesionless soils) is often characterized by the relative density,
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where:

is the "maximum void ratio" corresponding to a very loose state,

is the "minimum void ratio" corresponding to a very dense state and
void ratio. Methods used to calculate relative density are defined in ASTM D4254-00(2006).
Thus if

the sand or gravel is very dense, and if

is the in situ

the soil is extremely loose and unstable.

3.4. Seepage: steady state flow of water
If fluid pressures in a soil deposit are uniformly increasing with depth according to

then hydrostatic

conditions will prevail and the fluids will not be flowing through the soil. is the depth below the water table.
However, if the water table is sloping or there is a perched water table as indicated in the accompanying sketch,
then seepage will occur. For steady state seepage, the seepage velocities are not varying with time. If the water
tables are changing levels with time, or if the soil is in the process of consolidation, then steady state conditions
do not apply.

3.4.1. Typical values of permeability
Values of the permeability, , can vary by many orders of magnitude depending on the soil type. Clays may
have permeability as small as about
, gravels may have permeability up to about
. Layering and heterogeneity and disturbance during the sampling and testing
process make the accurate measurement of soil permeability a very difficult problem.

3.4.2. Seepage forces and erosion
When the seepage velocity is great enough, erosion can occur because of the frictional drag exerted on the soil
particles. Vertically upwards seepage is a source of danger on the downstream side of sheet piling and beneath
the toe of a dam or levee. Erosion of the soil, known as "piping", can lead to failure of the structure and to
sinkhole formation. Seeping water removes soil, starting from the exit point of the seepage, and erosion
advances upgradient. The term sand boil is used to describe the appearance of the discharging end of an active
soil pipe.

3.4.3. Seepage pressures
Seepage in an upward direction reduces the effective stress within the soil. When the water pressure at a point in
the soil is equal to the total vertical stress at that point, the effective stress is zero and the soil has no frictional
resistance to deformation. For a surface layer, the vertical effective stress becomes zero within the layer when
the upward hydraulic gradient is equal to the critical gradient. At zero effective stress soil has very little strength
and layers of relatively impermeable soil may heave up due to the underlying water pressures. The loss in
strength due to upward seepage is a common contributor to levee failures. The condition of zero effective stress
associated with upward seepage is also called liquefaction, quicksand, or a boiling condition. Quicksand was so
named because the soil particles move around and appear to be 'alive' (the biblical meaning of 'quick' - as
opposed to 'dead'). (Note that it is not possible to be 'sucked down' into quicksand. On the contrary, you would
float with about half your body out of the water.)

3.5. Consolidation: transient flow of water
Consolidation is a process by which soils decrease in volume. It occurs when stress is applied to a soil that
causes the soil particles to pack together more tightly, therefore reducing volume. When this occurs in a soil that
is saturated with water, water will be squeezed out of the soil. The time required to squeeze the water out of a
thick deposit of clayey soil layer might be years. For a layer of sand, the water may be squeezed out in a matter
of seconds. A building foundation or construction of a new embankment will cause the soil below to consolidate
and this will cause settlement which in turn may cause distress to the building or embankment. Karl Terzaghi
developed the theory of consolidation which enables prediction of the amount of settlement and the time
required for the settlement to occur. Soils are tested with an oedometer test to determine their compression index
and coefficient of consolidation.
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When stress is removed from a consolidated soil, the soil will rebound, drawing water back into the pores and
regaining some of the volume it had lost in the consolidation process. If the stress is reapplied, the soil will reconsolidate again along a recompression curve, defined by the recompression index. Soil that has been
consolidated to a large pressure and has been subsequently unloaded is considered to be overconsolidated.

3.5.1. Friction, interlocking and dilation
Soil is an assemblage of particles that have little to no cementation while rock (such as sandstone) may consist
of an assembly of particles that are strongly cemented together by chemical bonds. The shear strength of soil is
primarily due to interparticle friction and therefore, the shear resistance on a plane is approximately proportional
to the effective normal stress on that plane. But soil also derives significant shear resistance from interlocking of
grains. If the grains are densely packed, the grains tend to spread apart from each other as they are subject to
shear strain. The expansion of the particle matrix due to shearing was called dilatancy by Osborne Reynolds. If
one considers the energy required to shear an assembly of particles there is energy input by the shear force, T,
moving a distance, x and there is also energy input by the normal force, N, as the sample expands a distance, y.
Due to the extra energy required for the particles to dilate against the confining pressures, dilatant soils have a
greater peak strength than contractive soils. Furthermore, as dilative soil grains dilate, they become looser (their
void ratio increases), and their rate of dilation decreases until they reach a critical void ratio. Contractive soils
become denser as they shear, and their rate of contraction decreases until they reach a critical void ratio.
The tendency for a soil to dilate or contract depends primarily on the confining pressure and the void ratio of the
soil. The rate of dilation is high if the confining pressure is small and the void ratio is small. The rate of
contraction is high if the confining pressure is large and the void ratio is large. As a first approximation, the
regions of contraction and dilation are separated by the critical state line.

3.6. Shear behavior: stiffness and strength
The shear strength and stiffness of soil determines whether or not soil will be stable or how much it will deform.
Knowledge of the strength is necessary to determine if a slope will be stable, if a building or bridge might settle
too far into the ground, and the limiting pressures on a retaining wall. It is important to distinguish between
failure of a soil element and the failure of a geotechnical structure (e.g., a building foundation, slope or retaining
wall); some soil elements may reach their peak strength prior to failure of the structure. Different criteria can be
used to define the "shear strength" and the "yield point" for a soil element from a stress-strain curve. One may
define the peak shear strength as the peak of a stress strain curve, or the shear strength at critical state as the
value after large strains when the shear resistance levels off. If the stress-strain curve does not stabilize before
the end of shear strength test, the "strength" is sometimes considered to be the shear resistance at 15% to 20%
strain. The shear strength of soil depends on many factors including the effective stress and the void ratio.
The shear stiffness is important, for example, for evaluation of the magnitude of deformations of foundations
and slopes prior to failure and because it is related to the shear wave velocity. The slope of the initial, nearly
linear, portion of a plot of shear stress as a function of shear strain is called the shear modulus

3.6.1. Structure, fabric, and chemistry
In addition to the friction and interlocking (dilatancy) components of strength, the structure and fabric also play
a significant role in the soil behavior. The structure and fabric include factors such as the spacing and
arrangement of the solid particles or the amount and spatial distribution of pore water; in some cases
cementitious material accumulates at particle-particle contacts. Mechanical behavior of soil is affected by the
density of the particles and their structure or arrangement of the particles as well as the amount and spatial
distribution of fluids present (e.g., water and air voids). Other factors include the electrical charge of the
particles, chemistry of pore water, chemical bonds (i.e. cementation -particles connected through a solid
substance such as recrystallized calcium carbonate)

3.6.2. Drained and undrained shear
The presence of nearly incompressible fluids such as water in the pore spaces affects the ability for the pores to
dilate or contract. If the pores are saturated with water, water must be sucked into the dilating pore spaces to fill
the expanding pores (this phenomenon is visible at the beach when apparently dry spots form around feet that
press into the wet sand).
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Similarly, for contractive soil, water must be squeezed out of the pore spaces to allow contraction to take place.
Dilation of the voids causes negative water pressures that draw fluid into the pores, and contraction of the voids
causes positive pore pressures to push the water out of the pores. If the rate of shearing is very large compared
to the rate that water can be sucked into or squeezed out of the dilating or contracting pore spaces, then the
shearing is called undrained shear, if the shearing is slow enough that the water pressures are negligible, the
shearing is called drained shear. During undrained shear, the water pressure u changes depending on volume
change tendencies. From the effective stress equation, the change in u directly effects the effective stress by the
equation:

and the strength is very sensitive to the effective stress. It follows then that the undrained shear strength of a soil
may be smaller or larger than the drained shear strength depending upon whether the soil is contractive or
dilative.

3.6.3. Shear tests
Strength parameters can be measured in the laboratory using direct shear test, triaxial shear test, simple shear
test, fall cone test and vane shear test; there are numerous other devices and variations on these devices used in
practice today. Tests conducted to characterize the strength and stiffness of the soils in the ground include the
Cone penetration test and the Standard penetration test.

3.6.4. 3.3.1. Soil exploration methods
The field and laboratory investigations required to obtain the necessary data for the soils for proper design and
successful construction of any structure at the site are collectively called soil exploration.Soil exploration
methods are further divided into two groups:
Direct methods
In this method, by making actual excavation through probing, boring, or test pits. Soil samples are taken from
the strata of the rocks and soils. Then by performing field test or by performing laboratory test on the sample
taken from the site, the GWT characteristics are determined. For many engineering projects it is very useful to
take a sample of the soil, and to investigate its properties in the laboratory. The investigation may be a visual
inspection (which indicates the type of materials: sand, clay or peat), a chemical analysis, or a mechanical test,
such as a compression test or a triaxial test. A simple method to take a sample is to drive a tube into the ground,
and then recovering the tube with the soil in it.
Indirect methods
These type of methods provides boundaries between the strata of the different composition of the soil, by
observing the changes in the electrical resistivity in the soil or the wave velocity of the soil, or may be in some
electrical or magnetic field. These methods provide satisfaction of the visual inspection. Another advantage of
these methods is that, they are suitable for best quality sampling, Both disturbed and undisturbed. They do have
the capability of assessing difficulties of excavation.

3.7. Presentation
For more information on this chapter see the presentation below
Presentation

3.8. Self-checking tests
1 Introduce the goals, tasks and the connecting disciplines of engineering geology! 2 Explain the most important
methods of rock mechanics and pedology!

4. 4. Traffic engineering
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Traffic engineering is a branch of civil engineering that uses engineering techniques to achieve the safe and
efficient movement of people and goods on roadways. Traffic engineering deals with the functional part of
transportation system, except the infrastructures provided. Traffic engineering is the application of technology
and scientific principles to the planning, functional design, operation and management of facilities for any mode
of transportation in order to provide for the safe, efficient, rapid, comfortable, convenient, economical, and
environmentally compatible movement of people and goods (transport). It is a sub-discipline of civil
engineering and of industrial engineering. Transportation engineering is a major component of the civil
engineering and mechanical engineering disciplines, according to specialization of academic courses and main
competences of the involved territory. Transportation engineering, as practiced by civil engineers, primarily
involves planning, design, construction, maintenance, and operation of transportation facilities. The facilities
support air, highway, railroad, pipeline, water, and even space transportation. The design aspects of transport
engineering include the sizing of transportation facilities (how many lanes or how much capacity the facility
has), determining the materials and thickness used in pavement designing the geometry (vertical and horizontal
alignment) of the roadway (or track).
In this chapter we will conclude engineering geological properties of road and railroad construction.

4.1. 4.1. Road construction
A road is a thoroughfare, route, or way on land between two places, which has been paved or otherwise
improved to allow travel by some conveyance, including a horse, cart, or motor vehicle. Roads consist of one, or
sometimes two, roadways each with one or more lanes and also any associated sidewalks and road verges.
Roads that are available for use by the public may be referred to as public roads or highways. the Organisation
for Economic Co-operation and Development (OECD) defines a road as "a line of communication (travelled
way) using a stabilized base other than rails or air strips open to public traffic, primarily for the use of road
motor vehicles running on their own wheels," which includes "bridges, tunnels, supporting structures, junctions,
crossings, interchanges, and toll roads, but not cycle paths (Picts. 4.1-4.4.)." Road structure cross section is
composed of the following components: Sub base, Base course, Sub grade and Wearing course (Fig. 4.1.).
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Pict. 4.1. Bitumen wearing on road

Pict. 4.2. Highway
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Pict. 4.3. Soil road

Pict. 4.4. Stabilized soil road

Fig. 4.1. Structure of the road (Szakos 2012 nyomán)
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4.1.1. 4.1.1. Earthwork
The term "earthwork" is applied to all the operations performed in the making of excavations and embankments.
In its widest sense it comprehends work in rock as well as in the looser materials of the earth's crust. In the
construction of new roads, the formation of the roadbed consists in bringing the surface of the ground to the
adopted grade. The most desirable position of the grade line is usually that which makes the amounts of cutting
and filling equal to each other, for any surplus embankment over cutting must be made up by borrowing, and
surplus cutting must be wasted.
The natural, strongest, and ultimate form of earth slopes is a concave curve, in which the flattest portion is at the
bottom. This form is very rarely given to the slopes in constructing them; in fact, the reverse is often the case,
the slopes being made convex, thus saving excavation by the contractor and inviting slips.
It is not usual to employ any artificial means to protect the surface of the side slopes from the action of the
weather; but it is a precaution which in the end will save much labor and expense in keeping the roadways in
good order. The simplest means which can be used for this purpose consist in covering the slopes with good
sods, or else with a layer of vegetable mold. A covering of brushwood or a thatch of straw may also be used
with good effect.
All materials when excavated increase in bulk, but after being deposited in banks subside or shrink (rock
excepted) until they occupy less space than in the pit from which excavated. The lineal settlement of earth
embankments will be about in the ratio given above; therefore either the contractor should be instructed, in
setting his poles to guide him as to the height of grade on an earth embankment, to add the required percentage
to the fill marked on the stakes, or the percentage may be included in the fill marked on the stakes. In rock
embankments this is not necessary.
Where embankments are to be formed less than 2 feet in height, all stumps, weeds, etc., should be removed from
the space to be occupied by the embankment. Weeds and brush, however, ought to be removed and if the
surface is covered with grass sod, it is advisable to plow a furrow at the toe of the slope. Where a cut passes into
a fill all the vegetable matter should be removed from the surface before placing the fill. The site of the bank
should be examined carefully and all deposits of soft, compressible matter removed. When a bank is to be made
over a swamp or marsh, the site should be drained thoroughly, and if possible the fill should be started on hard
bottom.
Perfect stability is the object aimed at, and all precautions necessary to this end should be taken. When the axis
of the road is laid out on the side slope of a hill, and the road is formed partly. by excavating and partly by
embanking, the usual and most simple method is to extend out the embankment gradually along the whole line
of the excavation. the excavated material if simply deposited on the natural slope is liable to slip, and no pains
should be spared to give it a secure hold, particularly at the toe of the slope. On hillsides of great inclination the
above method of construction will not be sufficiently secure; retaining walls of stone must be substituted for the
side slopes of both the excavations and embankments.
These walls may be made of stone laid dry, when stone can be procured in blocks of sufficient size to render this
kind of construction of sufficient stability to resist the pressure of the earth.
On rock slopes, when the inclination of the natural surface is not greater than 1 on the vertical to 2 on the base,
the road may be constructed partly in excavation and partly in embankment in the usual manner, or by cutting
the face of the slope into horizontal steps with vertical faces, and building up the embankment in the form of a
solid stone wall in horizontal courses, laid either dry or in mortar (Pict. 4.5.).
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Pict. 4.5. Making earthwork

4.1.2. 4.1.2. Foundations
The wheelways of roads and streets are prepared for traffic by placing upon the natural soil a covering of some
suitable material which will furnish a comparatively smooth surface on which the resistance to traction will be
reduced to the least possible amount, and over which all classes of vehicles may pass with safety and expedition
at all seasons of the year.
The covering usually consists of two parts: a foundation, and a wearing surface. The functions of the foundation
are as follows:
1) to protect the soil from disturbance and the injurious effects of surface water;
2) to transmit to and distribute over a sufficiently large area of the soil the weight of the loads imposed upon the
wearing coat;
3) to support unyieldingly the wearing surface and the loads coming upon it.
The efficiency of the wearing surface depends entirely upon the quality of the foundation. If the foundation be
weak, the wearing surface will be disrupted speedily, no matter how well constructed.
The foundation, when once constructed, should not require to be disturbed nor reconstructed. The materials
employed in its construction may be the cheapest available, such as local rock. The important point in the design
being to provide sufficient thickness, so that when consolidated it will maintain its form under the heaviest
traffic liable to come upon it. The preparation of the foundation involves two distinct operations: 1. preparation
of the natural soil; and 2. placing an artificial foundation upon the drepared natural soil. The essentials necessary
to the preparation of the natural soil are:
1) the entire removal of perishable vegetable and yielding matter;
2) the drainage of the soil where necessary;
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3) the improving of the bearing power of the soil where required; and
4) compacting the soil.
All soils are improved by rolling, and weak spots, which otherwise would pass unnoticed, are discovered. The
essential requisite in the construction of the artificial foundation is that it be a dense mass, and the type of
foundation to be employed varies with the character of the wearing surface. The foundation may be composed
of broken stone, gravel, or furnace slag so graded that the voids will be reduced to the smallest possible amount.
The voids may be filled with stone dust; a mixture of sand and clay; a mortar and grout composed of hydraulic
cement and sand; bituminous cement; or hydraulic-cement concrete, mixed and placed upon the soil bed (Pict.
4.6.).

Pict. 4.6. Road filling eith crushed gravel

4.1.3. 4.1.3. Wearing surfaces
The office of the wearing surface is to protect the foundation from the wear of the traffic and the effects of
surface water, and to support the weight of the traffic and transmit it to the foundation. It must furnish a
comparatively smooth unyielding surface that affords good foothold for draft animals and good adhesion for
motor vehicles, and on which the resistance to traction will be a minimum. The material of which it is composed
must possess strength to resist crushing and abrasion, and its fabric must be practically impervious.
The wearing surfaces most commonly employed for roads and streets are composed of:
1) gravel, broken stone, furnace slag, and similar granular materials bound with colloidal cement formed by the
action of water on the plastic elements of rock and clay;
2) broken stone, gravel, and sand bound with:
a) bituminous cement;
b) hydraulic cement;
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3) stone blocks;
4) brick;
5) wood blocks.
In type (1), a certain amount of moisture is essential to successful binding. When this is lacking, as in the
summer season, the binding material becomes dry and brittle, and the fragments at the surface are displaced by
the action of the traffic; an excess of moisture destroys the binding power; and the surface is quickly broken up
by the traffic. Wearing surfaces of type (2a) are usually limited in life not merely by the wear of traffic, but by
the fact that all bitumens slowly alter in chemical composition when exposed to atmospheric action, and in time
become brittle. Type (2b) is subject to cracking under expansion and contracting, due to changes of temperature,
and is liable to wrear unevenly owing to irregularity in mixing and the segregation of the ingredients while the
concrete is being put in place.
When a defective spot begins to wear, it extends very rapidly under the abrasive action of the traffic. A
bituminous wearing surface differs from the previously described water-bound broken-stone surface only in the
kind of binder and the quality of the stone. The bituminous binder is prepared from asphalt, asphaltic oils,
refined water-gas tars, refined coal tars, and combinations of refined tars and asphalts. The essentials necessary
to the successful construction of a bituminous covering are:
1) the exclusion of both subsoil and surface water from the foundation;
2) a solid unyielding foundation;
3) a stone of suitable quality and size;
4) that the stone shall be entirely free from dust, otherwise the dust will interpose a thin film between the stone
and the bituminous binder and prevent the latter from adhering to the stone;
5) if the stone is to be used hot, that it shall not be overheated; and if is to be used cold, that it shall be dry, for if
wet or damp, the bituminous material will not adhere to it;
6) that the bituminous cement shall be of suitable quality.
Two general methods with various modifications in the minor details are employed for applying the bituminous
binder to form the wearing surface, the penetration method, and the mixing method.
Penetration method: the stone is spread and packed slightly by rolling. The bituminous binder is then applied by
one of the following ways: by hand from pouring pots; by a nozzle leading from a tank cart.
Mixing method: the stone to be used for the wearing surface, varying in size is cleaned and dried, then mixed
with a sufficient quantity of the binder to coat all the stones thoroughly (Pict. 4.7.).
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Pict. 4.7. Making pavement with hot bitumen

4.1.4. 4.1.4. Relief-equalizer structures
4.1.4.1. 4.1.4.1. Tunnels
A tunnel is an underground passageway, completely enclosed except for openings for entrance and exit,
commonly at each end. A tunnel may be for foot or vehicular road traffic, for rail traffic, or for a canal. The
central portions of a rapid transit network are usually built in tunnels. A tunnel is relatively long and narrow; in
general the length is more (usually much more) than twice the diameter, although similar shorter excavations
can be constructed such as cross passages between tunnels.
A tunnel project must start with a comprehensive investigation of ground conditions by collecting samples from
boreholes and by other geophysical techniques. An informed choice can then be made of machinery and
methods for excavation and ground support, which will reduce the risk of encountering unforeseen ground
conditions. In planning the route the horizontal and vertical alignments will make use of the best ground and
water conditions.
In some cases, conventional desk and site studies yield insufficient information to assess such factors as the
blocky nature of rocks, the exact location of fault zones, or the stand-up times of softer ground. This may be a
particular concern in large diameter tunnels. To give more information a pilot tunnel, or drift, may be driven
ahead of the main drive. This smaller diameter tunnel will be easier to support should unexpected conditions be
met, and will be incorporated in the final tunnel. Alternatively, horizontal boreholes may sometimes be drilled
ahead of the advancing tunnel face.
Other key geotechnical factors include:
· Stand-up time is the amount of time a tunnel will support itself without any added structures. Knowing this
time allows the engineers to determine how much can be excavated before support is needed. The longer the
stand-up time is the faster the excavating will go. Generally certain configurations of rock and clay will have the
greatest stand-up time, and sand and fine soils will have a much lower stand-up time.
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· Groundwater control is very important in tunnel construction. If there is water leaking into the tunnel stand-up
time will be greatly decreased. If there is water leaking into the shaft it will become unstable and will not be safe
to work in. To stop this from happening there are a few common methods. One of the most effective is ground
freezing. To do this pipes are inserted into the ground surrounding the shaft and are cooled until they freeze.
This freezes the ground around each pipe until the whole shaft is surrounded frozen soil, keeping water out. The
most common method is to install pipes into the ground and to simply pump the water out. This works for
tunnels and shafts.
Tunnel shape is very important in determining stand-up time. The force from gravity is straight down on a
tunnel, so if the tunnel is wider than it is high it will have a harder time supporting itself, decreasing its stand-up
time. If a tunnel is higher than it is wide the stand up time will increase making the project easier. The hardest
shape to support itself is a square or rectangular tunnel. The forces have a harder time being redirected around
the tunnel making it extremely hard to support itself. This of course all depends what the material of the ground
is.
4.1.4.1.1. 4.1.4.1.1. Construction
Tunnels are dug in types of materials varying from soft clay to hard rock. The method of tunnel construction
depends on such factors as the ground conditions, the ground water conditions, the length and diameter of the
tunnel drive, the depth of the tunnel, the logistics of supporting the tunnel excavation, the final use and shape of
the tunnel and appropriate risk management.
There are three basic types of tunnel construction in common use:
· Cut-and-cover tunnels, constructed in a shallow trench and then covered over.
· Bored tunnels, constructed in situ, without removing the ground above. They are usually of circular or
horseshoe cross-section.
· Immersed tube tunnels, sunk into a body of water and sit on, or are buried just under, its bed.
Cut-and-cover is a simple method of construction for shallow tunnels where a trench is excavated and roofed
over with an overhead support system strong enough to carry the load of what is to be built above the tunnel.
Two basic forms of cut-and-cover tunnelling are available:
· Bottom-up method: A trench is excavated, with ground support as necessary, and the tunnel is constructed in
it. The tunnel may be of in situ concrete, precast concrete, precast arches,or corrugated steel arches; in early
days brickwork was used. The trench is then carefully back-filled and the surface is reinstated.
· Top-down method: Side support walls and capping beams are constructed from ground level by such methods
as slurry walling, or contiguous bored piling. Then a shallow excavation allows making the tunnel roof of
precast beams or in situ concrete. The surface is then reinstated except for access openings. This allows early
reinstatement of roadways, services and other surface features. Excavation then takes place under the permanent
tunnel roof, and the base slab is constructed.
Shallow tunnels are often of the cut-and-cover type (if under water, of the immersed-tube type), while deep
tunnels are excavated, often using a tunnelling shield. For intermediate levels, both methods are possible.
Large cut-and-cover boxes are often used for underground metro stations, such as Canary Wharf tube station in
London. This construction form generally has two levels, which allows economical arrangements for ticket hall,
station platforms, passenger access and emergency egress, ventilation and smoke control, staff rooms, and
equipment rooms. The interior of Canary Wharf station has been likened to an underground cathedral, owing to
the sheer size of the excavation. This contrasts with most traditional stations on London Underground, where
bored tunnels were used for stations and passenger access.
Boring machines
Tunnel boring machines (TBMs) and associated back-up systems are used to highly automate the entire
tunnelling process, reducing tunnelling costs. In certain predominantly urban applications, tunnel boring is
viewed as quick and cost effective alternative to laying surface rails and roads. Expensive compulsory purchase
of buildings and land with potentially lengthy planning inquiries is eliminated. There are a variety of TBMs that
can operate in a variety of conditions, from hard rock to soft water-bearing ground.
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Shafts
A temporary access shaft is sometimes necessary during the excavation of a tunnel project. They are usually
circular and go straight down until they reach the level at which the tunnel is going to be built. A shaft normally
has concrete walls and is usually built to be permanent. Once the access shafts are complete, Tunnel Boring
Machines are lowered to the bottom and excavation can start. Shafts are the main entrance in and out of the
tunnel until the project is completed. Sometimes if a tunnel is going to be long, multiple shafts at various
locations will be bored so that entrance into the tunnel is closer to the unexcavated area.
Once construction is complete, construction access shafts are often used as ventilation shafts, and may also be
used as emergency exits.
4.1.4.1.2. 4.1.4.1.2. Sprayed concrete techniques
The New Austrian Tunneling Method (NATM) was developed in the 1960s, and is the best known of a number
of engineering solutions that use calculated and empirical real-time measurements to provide optimised safe
support to the tunnel lining. The main idea of this method is to use the geological stress of the surrounding rock
mass to stabilize the tunnel itself, by allowing a measured relaxation and stress reassignment into the
surrounding rock to prevent full loads becoming imposed on the introduced support measures. Based on
geotechnical measurements, an optimal cross section is computed. The excavation is immediately protected by a
layer of sprayed concrete, commonly referred to as shotcrete, after excavation. Other support measures could
include steel arches, rockbolts and mesh. Technological developments in sprayed concrete technology have
resulted in steel and polypropylene fibres being added to the concrete mix to improve lining strength. This
creates a natural load-bearing ring, which minimizes the rock's deformation.
By special monitoring the NATM method is very flexible, even at surprising changes of the geomechanical rock
consistency during the tunneling work. The measured rock properties lead to appropriate tools for tunnel
strengthening. In the last decades also soft ground excavations up to 10 kilometres became usual.
NATM was originally developed for use in the Alps, where tunnels are commonly excavated at depth and in
high in situ stress conditions. The principles of NATM are fundamental to modern-day tunnelling; however,
most city tunnels are built at shallow depth and need not control the release of the in situ stress. These projects
in cities seek to minimise settlement.
4.1.4.2. 4.1.4.2. Bridges
A bridge is a structure built to span physical obstacles such as a body of water, valley, or road, for the purpose
of providing passage over the obstacle. There are many different designs that all serve unique purposes and
apply to different situations. Designs of bridges vary depending on the function of the bridge, the nature of the
terrain where the bridge is constructed, the material used to make it and the funds available to build it.

4.2. 4.2. Railroad construction
A railway track or railway line is a set of two parallel rows of long pieces of steel. They are used by trains to
transport people and things from one place to another. Often, there is more than one set of tracks on the railway
line. For example, trains go east on one track and west on the other one.
The rails are supported by cross pieces set at regular intervals (called sleepers or ties), which spread the high
pressure load imposed by the train wheels into the ground. They also maintain the rails at a fixed distance apart
(called the gauge). Ties are usually made from either wood or concrete. These often rest on ballast, which is a
name for very small pieces of broken up rock that are packed together and keep the railway tracks in place.
Tracks are often made better by ballast tampers.
The rails are inclined slightly towards each other, typically on a slope of 1 in 20, and the rims of the train wheels
are angled in the same way ("coning"). This helps guide the vehicles of the train along the track. Each wheel
also has a flange, which sticks out from one edge all the way around. This makes sure the train does not "derail"
(come off the track) and helps guide the train on sharp curves.
The technology of rail tracks developed over a long period, starting with primitive timber rails in mines in the
17th century. The earliest rails were made of wood, but these wore out quickly.
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4.2.1. 4.2.1. Track bed and foundation
Railroad tracks are generally laid on a bed of stone track ballast or track bed, in turn is supported by prepared
earthworks known as the track formation. The formation comprises the subgrade and a layer of sand or stone
dust (often sandwiched in impervious plastic), known as the blanket, which restricts the upward migration of
wet clay or silt. This may also be layers of waterproof fabric to prevent water penetrating to the subgrade. The
track and ballast form the permanent way. The term foundation may be used to refer to the ballast and
formation, i.e. all man-made structures below the tracks.
When setting out a line and adjusting the gradients, an endeavour is usually made to so balance the earthworks
that the amount obtained from the cuttings may be sufficient to form the embankments. With care, this may be
effected to a considerable extent ; but there will be places where the material from cutting is unavoidably in
excess, and others where the cuttings are too small, or contain good rock, or gravel, which can be more
advantageously used for building and ballasting purposes than for ordinary embankment filling. Or there may be
a large cutting which will provide enough material to form three or four of the adjoining embankments; but the
distance, or lead, as it is termed, to the far embankment may be so long, and, perhaps, on a rising gradient, that it
would be cheaper to run the surplus cutting to spoil, and borrow other material for the far embankment from
side cutting or elsewhere. To borrow material to form an embankment is the term used when the earthwork
filling is not obtained from the cuttings on the line. This borrowing is generally done by excavating a trench on
each side of the line, of such width and depth as will supply sufficient material to form the embankment.
When proceeding with the earthworks, it is customary to first remove and lay aside a layer, say 9 inches in
depth, of soil and earth from the seat of the embankments and top widths of the cuttings, to be used afterwards
in soiling the trimmed and finished slopes of the cuttings and embankments. This soil being removed, the actual
work of the excavation can be commenced. The working longitudinal section will give all the necessary
particulars as to position of the mouths of the cuttings and the depths at the various chain pegs, and the top
widths of the cuttings can be ascertained by calculation, if on even ground, or from the cross-sections if on sidelying ground, according as the material may be earth, clay, or rock.
Embankments have frequently to be carried over ground which is low, soft, and wet, but not boggy. If the
culverts and drains are sufficiently large, and properly arranged, these places are not likely to cause much future
trouble.
Before proceeding with the formation of the embankments, it is necessary to construct the culverts and drains
which will be covered over by the earthworks. . Any existing drains which may be of too light a description
must be reconstructed in a more substantial manner. It is a simple and comparatively inexpensive matter to
rebuild a drain before the earth filling is brought forward, but it is a costly work to open out an embankment,
and rebuild a culvert afterwards. Unless the seat of an embankment is well drained and kept free from the
accumulation of running water, the earthwork will be exposed to washing away of the lower layers, and
consequent subsidence. Each watercourse or open drain must be provided for either by a separate culvert of
suitable size or, as may be done in some cases, by leading two or more watercourses into one, and thus passing
all through one culvert of ample capacity.
In ordinary average, dry, solid ground, a good foundation can usually be obtained at a moderate depth. The
removal of a few feet of the surface layers will generally lead to a good hard stratum of natural material
sufficiently firm to carry the abutments. A good foundation should be strong, hard-wearing, stable, drainable,
easy to clean, workable, resistant to deformation, easily available, and reasonably cheap to purchase. Early
railway engineers did not understand the importance of quality track foundation; they would use cheap and
easily-available materials such as ashes, chalk, clay, earth, and even cinders from locomotive fireboxes. It was
soon clear that good-quality foundation made of rock was necessary if there were to be a good foundation and
adequate drainage.
Good quality track foundation is made of crushed natural rock with particles between 28 mm and 50 mm in
diameter; a high proportion of particles finer than this will reduce its drainage properties, and a high proportion
of larger particles result in the load on the ties being distributed improperly. Angular stones are preferable to
naturally rounded ones, as angular stones interlock with each other, inhibiting track movement. Soft materials
such as limestone are not particularly suitable, as they tend to degrade under load when wet, causing
deterioration of the line; granite, although expensive, is one of the best materials in this regard. The thickness of
a layer of track ballast depends on the size and spacing of the ties, the amount of traffic expected on the line, and
various other factors. Track ballast should never be laid down less than 150 mm thick; high-speed railway lines
may require ballast up to half a metre thick.
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4.2.2. 4.2.2. Laying a permanent way
The wooden tramway was the first improvement over the ordinary road. The spaces between the sleepers were
filled in with gravel or broken stone to form a roadway or hauling path for the horses. A little later double rails
were introduced, by placing a second or upper timber on the top of the lower one. This double rail arrangement
not only strengthened the framework, but by increasing the height allowed a greater quantity of suitable material
to be placed over the sleepers to protect them from wear by the horses' feet. The wooden tramway could not be
very durable. To obviate the rapid wear of the tram-timbers continuous narrow bars of wrought-iron were
fastened on to the running-surfaces; these in a measure prolonged the life of the timbers, but at the same time
added to the number of the pieces and fastenings to be maintained. Although iron was only used to a limited
extent in the first instance, it was soon found to be a much more suitable material for a tram-path than the best
timber. As a next progressive step we find that the tram-plates were made entirely of iron, of full width for the
wheel-tyres, and with a guiding flange to keep the wheels on the proper track. These solid tram-plates were
made of cast-iron, that metal being considered the most convenient for manufacture and the least liable to suffer
loss from rust and oxidization. Another advantage of the cast-iron was that broken tram-plates could be melted
down and recast at a moderate cost.
At this time the use of the steam-engine was becoming more general, and a fine field was opened out for its
application as a motive-power on the tramways. Stationary engines, or winding engines, as they were called,
were first employed to haul the trucks by means of long ropes passed round revolving drums, and supported at
intervals by grooved pulleys placed between the rails at suitable distances.

4.3. Presentation
For more information on this chapter see the presentation below
Presentation

4.4. Self-checking tests
1 Describe the engineering geological aspects of road construction! 2 Delineate the engineering geological
aspects of railroad construction!

5. 5. Geological aspests of traffic engineering - a case
study
Road construction is a very complex proportion. There are many natural factors which determine the quality of
the lifetime of the construction. For example: geological formations of the area (mostly of the near vicinity of
the planned line), tectonical characteristics, geomorphology of the region, climate characteristics and
hydrological proportions (groundwater and surface water flows also).
Because of this, planning has to build a very profound and detailed geological – environmental fore-study.
To see this, we introduce parts of a case study from Denmark. A 170 km long road was planned to Greenland in
2007. The geological – environmental fore-study was made by Arne Villumsen et al. The project was being
part-financed by the European Union, European Regional Development Found. The exact citation of this study:
Villumsen, A. et al. 2007: Road Construction in Greenland - The Greenlandic case. – Arctic Technology Center,
p. 85.
For the understanding this complex problem, we quote chapters from these study below.
The Sisimiut-Kangerlussuaq road
―Road-building projects in the Arctic are very different from projects to be carried out in Denmark. The
presence of permafrost below the surface means the material used for construction must be chosen carefully, and
that the effects of variations in temperature in the uppermost layers can give rise to problems. The fact that the
areas are usually very thinly populated also means that road construction must be achieved using the existing
infrastructure. It is necessary to transport road-building material along the road that is under construction. This
means that the process is expensive and timeconsuming.
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The availability of material in the area where the road is being built can considerably reduce transport expenses,
but requires that the quality of the material has been studied before it can be used. Geological and geophysical
studies are very useful in this context. Geophysical studies can show the vertical and lateral extent of
permafrost, and geological studies and laboratory tests can indicate the suitability of local material for road
construction.
Sisimiut Municipality, in cooperation with ARTEK, has carried out extensive field studies in the area as part of
this project. Previous student projects with ARTEK have involved, for example, reconnaissance of possible
routes, detailed geometrical road studies, and the quality of the basement rocks. Based on these studies, a series
of orthophotos were taken along the length of the projected road in 2003. The road has been planned in detail on
the basis of these photographs, but the entire length of the road has not yet been studied in the field. Further
studies have proved to be very useful but they have been restricted to the more accessible portions. The
cooperation between Sisimiut Muncipality and ARTEK led to a ―helicopter project‖, which started in August
2006, to improve our knowledge, and therefore aid the decision-making process, for the road construction. The
helicopter project involved placing five reconnaissance teams at some of the most inaccessible parts of the road.
Their geophysical and geological investigations have been able to assess the quality of the local material for
roadconstruction and to pinpoint potential problems. Their results have made a major contribution to our
knowledge of the stretch between Sisimiut and Kangerlussuaq.‖

5.1. 5.1. Geological and geographical overview
―Figure 15 presents and overview of the area in which the road is planned. The map is based on a GEUS digital
map on a scale of 1:100,000. The planned route is indicated by a red line on the map. In addition to this there are
hiking maps on the same scale published by Scankort (3 map sheets: Sisimiut, Pingu og Kangerlussuaq), as well
as maps on a scale of 1:250.000 published by Saga Maps. The entire stretch was photographed from the air by
Scankort in 2003, who produced orthophotos and a digital contoured model, with a width of several kilometres,
for the complete planned route for the road. A total of 386 pictures were taken. The flight altitude was such that
a width of ~2300 meters was covered at a scale of 1:10,000. The flight path was selected with consideration of
the topography and a road route that had been proposed earlier (an American proposal). The digital contour
model has a precision of ~½ m in height. Explained briefly, an orthophoto is an aerial photograph that has been
geometrically corrected so that it functions as an ordinary map. Orthophotos therefore allow measurements of
distances and areas, to use coordinates etc., just as with ordinary maps. An orthophoto, however, shows
everything seen by the camera and not just the items selected by the map-producer. Orthophotos therefore allow
easy access to much information which cannot be seen on ordinary maps or from the land surface. They are
therefore ideal to provide an overview and also allow us to zoom in on details. This can to advantage be used
with other sources of information, such as the contour models. The area between Sisimiut and Kangerlussuaq
belongs geologically to the ―Nagssugtoquidian Mobile Belt‖ which here consists dominantly of banded gneisses
with amphibolites and pegmatitic dykes. The gneisses have been extensively metamorphosed and were probably
originally granites. This can be seen in some of the less-deformed areas. The gneisses are commonly weathered
and fractured. The area has been divided into two structural complexes, the Isotoq gneisses in the north and the
Ikertoq gneisses in the south. These two complexes are separated by a fault zone which crosses the road route.
The gneissic rocks here are of poor quality which must be taken in to consideration during construction of the
road. During the Quaternary the area was strongly eroded by glaciers which scoured out deep valleys. The
Ikertoq complex was particularly susceptible the effects of ice and climatic variations, as is evident from its
topographic expression. Several very significant systems of moraines were formed in the area during
deglaciation at the end of the last Ice Age.
Interplay between the isostatic sinking of the basement caused by the weight of the ice sheet and global eustatic
variations in sea level has given rise to variation in the relative sea level in the area during deglaciation. This
means that some area that are above sea level today were periodically below sea level so that fine grained
marine deposits could accumulate.
The upper marine limit in the area is now located at between +120 and +140 m above present sea level at the
western end of the area, decreasing to +40 m in the eastern part near Kangerlussuaq. This means that marine
deposits occur in valleys and depressions in the area. These deposits may be overlain by fresh water sediments
of fluvial or lacustrine origin.
Geological maps of the area (central West Greenland) have been published by GGU and GEUS on a scale of
1:500.000. Relevant material has also been published by Escher (1976) in ‖Geology of Greenland‖, and by the
Ministeriet for Grønland (1980): ‖Holsteinsborg, Sisimiut Kommune, Natur- og kulturforhold‖. The latter is
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also a source of information, albeit somewhat outdated, on the geographical, climatic and other natural
relationships of the area.‖

5.2. 5.2. Suitable materials for road construction and permafrost
―Subsurface frost occurs, per definition, when the temperature falls below 0°C. Permafrost, however, requires
that the temperature remains below 0°C for two successive years. A rule of thumb is that the average surface
temperature has to be below -3°C for permafrost to develop. There are several factors that influence the local
development of permafrost. Extensive vegetation and long winters when the snow does not melt have an
insulating effect and prevent heat reaching the permafrost in the spring and summer. Whether slopes are northor south-facing, the thermal conductivity of the sub-surface material, and heat flow from inside the Earth also
influence the thickness of the permafrost. The geographical extent of permafrost is divided into three categories:
areas with continuous, discontinuous or sporadic permafrost. In areas with continuous permafrost, unfrozen
areas only occur in connection with streams/rivers and large lakes where the water prevents freezing. At
Sisimiut and Kangerlussuaq the average annual temperature is -3.9 and -5.7°C respectively, which places them
respectively in the discontinuous and continuous zones.
That part of the sub-surface that thaws during the summer period is called the active layer and it here that the
characteristic permafrost phenomena develop. The thickness of the active layer varies systematically with the
extent of the permafrost. If a road is built over a permafrost-affected area, the thermal balance will be changed
and the depth to the frost line will decrease. In order to decrease frost-heave it is necessary to use frost-resistant
material with low capilliarity to construct dams in order to prevent addition of more water to the freezing zone.
Another problem with road construction in permafrost areas is related to the thawing of already frozen soil when
changes in the surface reflection of the sun‘s rays can result in thawing of the underlying soil. This can affect the
strength properties of the soil and give rise to local sinking. Even the passage of cold water in the form of rain or
melt-water can give rise to thawing of frozen subsoil so that effective drainage of the road construction must be
achieved. All in all it is important to keep the soil frozen, at capillary-inhibiting material is used in the
construction, and that there is effective drainage. The figures 19 and 20 show studies of permafrost in progress.
Road construction requires large amounts of sand, gravel and stones as filling material. Because of the cold
climate it is important that all these materials have as low a capillary capacity as possible and are therefore not
frost sensitive. This means essentially that the proportion of fine-grained material must be limited since it is
mainly this material that has a capillary function. Sediment samples are divided into different categories
depending on their qualities and drawbacks. The usable materials are referred to as sand, gravel and stable
materials. Materials that are unsuitable are, depending on their reaction to frost and content of organic matter
referred to as: frost-susceptible, frost-dangerous and humic. This classification is based on the criteria for base
course material and Schaible´s criterion for frost-risk that is explained below. For most samples the watercontent is determined and grain size distribution curves are divided into fields relevant for their suitability as
road-building material and sensitivity with regard to frost. It is important that the material has a good and
uniform bearing capacity and consists of frost-safe material without large proportions of organic material,
humus, clay and silt. The main function of the base course is to distribute wheel pressure which requires that the
layer must have a good ability to distribute pressure and that the material is frost-resistant and durable.
Grain size distribution analyses have been carried out for most of the soil samples to determine whether the
grain diameter falls in the category of clay (d<2μm), silt (2μm<d<63μm), sand (63μm<d<2mm) and gravel
(d>2mm). This analysis allows estimation of the frost-risk of the material which allows evaluation of the
potential of the material for road construction. The strength and liability to deform can also be assessed since
these are alos largely dependent on the grain size distribution. The curve for base course material should lie
between the two solid lines in Figure 21 and must also cut a maximum of two of the dashed curves. The
potential usefulness of samples does not require that they lie strictly inside the solid lines since material that lie
outside, but close, may be suitable after addition of material in the required size-range.
The method used to assess the frost-risk of material compares its grain size distribution with Schaible´s
boundary curves (Figure 22). Frost-risk can generally be avoided if the grain size curves lie inside the frost-safe
area in the figure. It is expected that gravel material for the road construction will be obtained along the planned
route. The availability of suitable material has not yet been quantitatively determined, but preliminary
investigations indicate that there are moraine deposits available that fulfil the necessary requirements concerning
grain size and strength with a minimum of treatment. Some stretches will require blasting of basement rocks and
here the blasted material will presumably be suitable for road construction. The loose sediments in the area
consist of unsorted, gravely moraine material which will be suitable for road construction. There are also some
marine, generally finegrained deposits that are not readily suitable. These deposits occur below 100 m a.s.l.
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There are also some peat deposits that are unsuitable for road construction. Blasted rocks (of gneiss etc.) will
become available as ―excess material‖ from areas with large topographic variations. Finally, some marine
deposits are locally available for road construction. In conclusion it is our impression that the necessary roadbuilding materials are available within a short distance of where they are to be used. The proposed route takes
into consideration the availability of road-building material without, at this stage, having performed any detailed
calculations of the volume material required.‖

5.3. 5.3. Geological model for the area
―The ~170 km long stretch between Kangerlussuaq and Sisimiut has been divided into 7 areas starting from
Sisimiut. The areas are as follows: 1: Sisimiut, 2: Første Fjorden, 3: Uttoqqaat, 4: Itinneq, 5: Amitsorssuaq, 6:
Taserssuaq and 7: Kangerlussuaq. Over the last few years, students from The Technical University of Denmark
and Aarhus University have collected geophysical data in the form of geoelectric profiles and probes together
with seismic, georadar and measurements with the stangslingram, as well as drilling boreholes, photography and
collecting soil samples along the entire stretch. The following is based on the reports produced by these
students.
The entire area was covered by ice during the last glaciation (late Weischselian), even though moraine deposits
are not widely developed in the area. The interplay between isostatic uplift and eustatic rise of sea level during
withdrawal of the ice has resulted in fluvial, marine and glaciomarine deposits. The crystalline basement is
typically overlain by coarse-grained, unsorted marine deposits which contain clay, silt, sand and often shellfragments. These deposits are commonly overlain by fluvial sediments that were deposited after the glacial
regression. This sequence sometimes includes eroded and re-deposited marine sediments and may therefore also
contain shell fragments. These marine deposits are locally overlain by fresh water sediments.
The overall structure of the area is dominated by east-west striking features formed by older faults, fractures and
joints. These lines of weakness were exaggerated by subsequent extensive erosion by ice and water. The overall
relief in the area increases from east to west. In the east the terrain lies at an average height of 200-400 m a.s.l.
with small, ice-scoured hills, whereas the western part has Alpine topography, reaching altitudes of 1200-1400
m a.s.l. The area has many long, deep valleys that are, or have been, fjords. Many of the lakes in the area,
particularly the long, narrow lakes, were formerly fjord-arms which became isolated as a result of the fall in
relative sea level. The crystalline basement rocks, particularly in the low-lying areas, often covered by variety of
unconsolidated deposits that consist of, for example, eroded basement material and material deposited by former
glaciers and streams, as well as in earlier lakes and on the sea floor. Moraines from the last ice age occur locally
throughout the area. Characteristic marine deposits of, for example, clay, silt and sand occur in several palaces
on plains and marked terraces. Elevated sea floor deposits occur for inland, such as in the Itinneq valley and
along the lake Taserssuaq.
Sisimiut: The valley between the campsite and the road to the pump-house consists of two rock types: granite
and iron-bearing gneiss. Our studies show that there is permafrost close to the surface which is supported by
drilling in the area that has shown that the frost level is at a depth of 0.5-1 m. Four holes were drilled in 2003
referred to as 2003-4, 2003-5, 2004-6 and 2003-7. Studies of soil samples in the valley near the ski-lift indicate
that the near-surface sediments consist of unfrozen moraine deposits. At a depth of 4-8 m these either are frozen
or they overlay basement crystalline rocks. All the drill holes from 2003 contain marine deposits consisting of
alternating sand- and clay-rich layers which overlie basement gneisses. In the vicinity of lakes and streams
drilling and geophysical measurements show that there is no permafrost which confirms that Sisimiut is located
in the discontinuous permafrost zone.
The 9 sediment samples that, together with the drilling, provide the basis for the geological description of the
area were collected about 3 km east of Sisimiut at Vandsø 4 and 5 and follow a depression in the landscape to
the east. The lakes are located in a glacial valley at 40-50 m above sea level. The mountain Kællingehætten (798
m) is to the south east and to the northeast the valley widens and exposes basement crystalline rocks up to ~400
m. Between the two lakes the sediments consist of well sorted fluvial sand. Soil samples indicate that, during its
final retreat and temporary stationary periods, melt water deposits accumulated in the valley area east of
Sisimiut. These sediments are therefore quite well sorted and rounded and probably represent moraine deposits.
In the field, moraine deposits can be recognised as relatively thin basal and sidemoraines in the U-shaped glacial
valley. Geoelectric measurements show that the active layer is only a few meters thick. The sediment samples
indicate that the deposits are not very suitable as road-building material. Even though the analysed samples do
not reflect it, there appear to be suitable moraine deposits in the area which can provide road-building material.
These deposits, however, require further study to establish their geotechnical properties.
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Just to the north of Sisimiut, on the other side of the bay Ulkebugten, there is a relatively flat, sandy plain where
there is evidence of permafrost. There are many frost weathered stones and palsere, which are another frost
phenomenon where the freezing of sediments gives rise to frost-heave. The area is characterised by a sporadic
cover of rounded stones and a vegetation cover. The southern part of the valley has many thermokarst and
water-filled depressions as well as marine clay which has come to the surface as a result of clay boils. Two
hand-excavated holes in the area have shown that there is a thin layer of peat above peat-and clay-soil which is
underlain by clay-rich silt with traces of humus. The permafrost level was at a depth of 0.3 m below the surface
in one of the holes, while an ice wedge was observed in the other.
Første Fjorden: There is no well-documented data from this area since the soil conditions have not been
studied.
Uttoqqaat: The area around Uttoqqaat is characterised by a gradational boundary between two types of gneiss
which represents the boundary between the Isortoq and Ikertoq complexes. This boundary strikes northeastsouthwest and gives rise to poorquality rock material.
The area consists mainly of gneiss and granite with a thin sedimentary cover. The area between Uttoqqaat lake
and the fjord is relatively narrow and contains a thick sequence of fine grained sediments. Samples have been
found of garnet amphibolite, mica schist and granitic gneiss. The higher areas are free of both sedimentary and
moraine deposits. A total of 29 soil samples have been collected and analysed from the Uttoqqaat area. Their
locations are shown in Figure 26 and relevant information is listed in Table 2.
The area investigated in the vicinity of the lake northeast of Uttoqqaat is at a relatively high topographic level
and consists mainly of basement rocks. There are therefore no significant marine sediments. The few
sedimentary deposits that occur have been deposited in low-lying areas by streams that flow through the area.
Apart from this there is only a thin soil cover (<1 m) above the basement.
In the vicinity of the stream that flows from Uttoqqaat lake to the fjord there are numerous glacial striations and
large erratic blocks above the marine limit. There are also melt water plains. The landscape is dominated by
numerous U-shaped valleys. There are thick layers of melt-water material with a wide range of grain sizes low
in the sequence of deposits. Fluvial erosion has shaped the landscape over a long period of time, and still
dominates in the area in which there are numerous streams that dissect the terrain.
Just to the north of the stream there is evidence of thermokarst which indicated the presence of permafrost.
There are steep slopes, streams and weathered basement rocks that would not facilitate road construction, but
there are large amounts of gravel deposits around the stream at Uttoqqaat which are potentially useful as roadbuilding material.
Itinneq: Geophysical and geotechnical studies have been carried out at Itinneq in the form of seismic and
geoelectric investigations, in addition to the collection of soil samples and photographic reconnaissance of the
delta. Itinneq consists of a large sedimentary complex with both fluvial and marine deposits. The figure below
shows the route along which samples have been collected.
The area is wet and marshy and consists of water holes with stagnant water, small lakes and a river that links
Taserssuaq with Maligiaq fjord. There are large, flat areas where clay and silt deposits lie on the surface. Large
stones and blocks that overlie these fine-grained sediments have come to the surface as a result of frost heave.
Itinneq is a meandering river, and the delta lies in a very flat area. Horseshoe-shaped lakes, that gradually fill up
with mud and become vegetated, result in clay and peat deposits. A total of 12 samples were collected from the
delta and 15 from the adjacent area. The collected material confirms that the soil in the area is clay-rich and
marshy. The geoelectric data indicate the presence of fine-grained and relatively low-resistant sediments and
discontinuous permafrost. They indicate that the finegrained deposits vary in thickness between 0.5 and 0.8 m.
The soil samples show that almost all the sediments consist of clay or silt which means that the near-surface
material is frost-susceptible. The seismic studies indicate that the fine-grained deposits have a thickness of up to
100 m, below which there are 100-200 m of moraine deposits above the crystalline basement. The sediments
therefore have a total thickness of more than 200 m, which is probably the greatest vertical thickness developed
along the projected route.
The presence of frost-heaved stones in the area indicate the presence of ice wedges. In a low-lying area,
permafrost has been found at a depth of ~0.4 m and inactive ice wedges, consisting of silt and fine-grained sand,
together with pingo-like structures. The fine-grained material indicates that permafrost is widely developed
which can be expected to give severe problems with regard to stability. Rock-fall material from the valley sides
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is quite widespread and could be used as road-building material, and there are no large variations in topography.
Figure 30 shows the type of location from where road-building material can be obtained.
Comparison of the results from the geophysical investigations and study of the soil samples indicate that the
delta consists mainly of unsorted deposits of fine-grained material and that there is discontinuous permafrost.
Laboratory studies show that the soil samples are frost-susceptible or frost dangerous so that the near-surface
material will be susceptible to frost-heave and –sinking. In conclusion it is clear that the area of the river will be
very problematical for road construction. The sediment samples are listed in Table 3 where relevant information
is provided.
Amitsorssuaq: The lake Amitsorssuaq is about 30 km long and is located at ~115 m above sea level. Most of
the southern shore of the lake consists of smooth, sedimentcovered slopes that dip NNE. These slopes show
strong evidence of soil creep. The sediments commonly consist of large blocks that occur in various fine-grained
deposits above which there is a layer of peat. The slopes are locally steeper and consist of more rocky intervals
where the crystalline basement is sometimes exposed. At the western end of the lake there are large amounts of
well-sorted melt water sand, while there are much coarser deposits (with cobbles) at the eastern end. The
basement rocks that are locally exposed are believed to belong to the Ikertoq gneiss. There are quite abundant
moraine hills and sandy fluvial deposits at the western end of the lake that appear to be suitable for road
construction.
Taserssuaq: The geology in the area reflects a landscape which was formed by the interplay between glacial
retreat and isostatic uplift. The area consists of a large, broad valley at ~100 m a.s.l., with basement rocks to the
north and south. The area contains mainly silty and fine sandy marine deposits. The marine deposits are well
preserved in the slopes down to lakes and waterways. The north-eastern slopes in particular have many locations
with marine deposits that have been influenced by permafrost and considerable wind erosion. There are several
terraces that represent earlier levels of the sea. There are also inactive ice wedge polygons, and at one locality
permafrost was found at a depth of 0.8 m. The area with the polygons is on the valley floor and will often be in
the shade because of the cliff to the south. A total of 16 sediment samples have been collected to cover the
various types of deposit.
There area many gravely terminal moraines in the area which are particularly well developed in the western and
eastern parts where they reach heights of 20 m. Dead ice holes occur in the vicinity of many of the moraines.
The orientation of the moraines clearly shows that the glacier that covered the area moved from east to west and
followed the existing valleys. The abundance of terminal moraines indicates that there were repeated minor
episodes of glacial advance during the overall retreat of the ice. In the eastern part of the area the terminal
moraines occur in an area that does not show much evidence of marine influence which is probably because this
area is somewhat higher than the western part and hat the moraines here are younger. The central part of the area
is a flat plain with well-sorted, sandy material. Just to the east of this plain is a dune landscape with wind-blown
sand. The western part of the area has been strongly influenced by deposition of marine sediments. Overall the
area contains sufficient moraine deposits to provide road-building material. This emerges from Table 5 below
that classifies all of the sediment samples.
Kangerlussuaq:
Kangerlussuaq is located at the head of Søndre Strømfjord. The fjord lies in a characteristic U-shaped valley
which is orientated southwest-northeast and was formed by the erosive action of repeated glacial advances.
Kangerlussuaq lies on glacial and marine deposits; the latter consist of clay and silt. There are several terraces in
the area where the river cut through earlier layers of sediments in several episodes. There are three main
terraces. The airport and town are located on the uppermost terrace that consists mainly of fluvial sand and
gravel deposits. A marine terrace to the west of the airport (called ―Fossilsletten‖ or ―the fossil plain‖) consists
of sticky, salty clay deposits. These marine and fluvial plains at Kangerlussuaq consist of clay that was
deposited in a marine environment whose surface was at or above 40 m above present sea level. Above this (up
to + 50 m) there is sand and gravel that were deposited in a river environment with running water. These are
locally overlain by wind-blown sand.
Studies in the Kangerlussuaq area show that the area was strongly influenced by rivers that carried large
quantities of coarse material. The sandy sediments are quite coarse-grained (locally gravel) and contain cross
bedding which indicates that they were deposited in rivers and/or tidal channels. Marine fossils are common in
the marine clay and silt sediments, and the sandy sediments contain traces made by mussels and crustaceans.
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Two deep boreholes and one shallow manual hole were drilled in 2005. Borehole 2005-01, near Watson river,
contains ~4 m clay and silt deposits above a thick sequence of coarse sand of fluvial origin. The frost level in
the borehole, which was drilled in July, was at 1.4 m and up to 4 cm-thick ice lenses were found in the finegrained deposits. Thermal probes that were installed have shown that the active layer has a thickness of 2.8 m.
Boreholes at the airport (southern apron) showed that permafrost was present at a depth of 4 m in July 2005
beneath black asphalt. The manual borehole (C4-1) revealed un-frozen sandy deposits down to a depth of 2 m.
An electric probe in the same area indicated permafrost at a depth of ~2.8 m.
Seismic studies of ―Fossilsletten‖ carried out in 2002 indicated that the crystalline basement was at a depth of
~20 m on the inland side, decreasing to a depth of ~100 m near the water. Geophysical studies have also shown
that there are only clay deposits above the basement in this area. All the MEP-profiles show a well-defined
boundary at a depth of 5-9 m which is presumably the depth to the permafrost.
A total of 9 sediment samples have been collected in connection with study of the planned road route between
Kelly Ville and the lakes Tassersuaq and Amitsorssuaq.
Most of the sediment samples from the area indicate that it consists of fine- to mediumgrained, frost-susceptible
material, which can be expected to be subjected to the formation of ice-lenses and frost-heave. In addition to
this, the subsurface is soft and marshy.‖

5.4. 5.4. Environmental and conservation aspects
„The purpose of studying the overall environmental impact of the construction of a road between Sisimiut and
Kangerlussuaq is to identify potential problems at an early stage. This will allow necessary modifications to the
project to be considered to reduce the environmental consequences. The construction of a road between Sisimiut
and Kangerlussuaq will inevitably influence the environment. Kangerlussuaq is an area with hills, valleys,
fjords, rivers, lakes, marshes and low vegetation. Many areas are used for hunting and other outdoor activities,
but most of the area consists of untouched nature. The area around Sisimiut contains many prehistoric remains
dating back to the Stone Age. The areas around Uttoqqaat and Itinneq, and the eastern parts of the lakes
Taserssuaq and Amitsorssuaq, are particularly rich in prehistoric remains related to hunting and fishing. The
National Museum of Greenland in Nuuk (NKA) has indicated that there are 12 locations along the length of the
planned road that are covered by the Conservation of Nature law. It is very likely that new, small prehistoric
sites will be discovered during road construction so that it will be necessary to adjust the route to minimise
damage to the sites of archaeological interest as far as is practically possible. It is to be expected that finds will
be made, particularly of summer living sites, notably in the vicinity of lakes, during preliminary studies prior to
road construction.
Material eroded from a road, or simply run-off from a road surface, may contain contaminants in the form of
petrol- and oil-spill, small particles of exhaust material, heavy metals etc. Thawing and heavy rainfall will
transport particles to lakes, some of which are used for drinking water. The clay particles are so fine-grained that
they are not completely removed by the waterworks. Heavy metals and heavy oil-components will accumulate
in the lake sediments. While the amount of contamination caused by construction of a road between Sisimiut
and Kangerlussuaq is not expected to be very large, factors that are important for the breakdown and reduction
of contaminants are very limited in the arctic environment. Surface water is particularly sensitive to
contamination in arctic areas. This is because large amounts of water, containing organically-bound nutrients
from marshy and peaty areas, enter the lakes during the springtime thaw. Because of the permafrost and the
nature of the underlying basement, transport will primarily be horizontal and components will not seep down
into the soil but enter lakes and rivers. Road traffic is also a cause of air pollution in the form of a series of
dangerous materials with different environmental effects. There is a clear relationship between pollution of
water and soil since the contaminating materials that do not enter the soil are primarily transported by water and
therefore often end up in streams, rivers and lakes.
The planned route for the road passes alongside Vandsø 5 which is Sisimiut´s drinking water reservoir. The
water comes from precipitation in the catchment area together with melt water from snow that accumulates
during the winter. The lake is ice-free for 2½ months during the summer and covered by a ~1 m-thick layer of
ice in the winter. This results in a very variable rate of supply of water to the lake through the year. Water
supply to the lake, as an average over the year, is estimated to be 90% surface water and 10% groundwater, from
a catchment area that covers about 45 km². The lake is supplied by two streams and drained by one that runs into
the bay Ulkebugten. The lake has a relatively low alkalinity and is therefore very sensitive to small changes in
the acid/base ratio. Supply of atmospheric particles is very significant because of the large surface area of the
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lake. At the end of the lake nearest the ski lift, where snow scooters drive in the winter, human activity has
already had a small but measurable effect on the lake.
Construction of a road from Sisimiut to Kangerlussuaq is an ambitious project that will help promote tourism,
trade and industry and will improve the global infrastructure in Greenland by provision of a well-organised
transport system. From an environmental point of view, the most negative influence will take place during the
construction phase in the form of noise, dust, vibrations and the disturbance of fauna and flora. Most of these
disturbances will be temporary, but some will have a permanent effect, such as changes to the landscape. The
operative phase after completion of the road will have less influence because of the relatively small volume of
traffic. The main problem will be water pollution. It will be necessary to carry out further studies of the
pollution risks before construction commences, but preliminary data suggest that it will be possible to carry out
the road-building project without causing serious environmental damage.
A road connection that involves closure of regular flights between Sisimiut and Kangerlussuaq will involve a
slight increase in emissions, but it is the relatively few snow scooters in the area that are largely responsible for
emission of CO and THC and are the next-largest source of NOx-emissions . The amount of emissions from
traffic will be low compared with most other places in the world because of the low traffic intensity along the
road. During both the construction and operational phase, however, particular care must be taken in the vicinity
of drinking water reservoirs (at Sisimiut and Sarfannguaq). This is because polluting materials (oil etc.) from
vehicles and possible accidents, can severely affect water quality since they only break down slowly in the arctic
environment.‖

5.5. Presentation
For more information on this chapter see the presentation below
Presentation

5.6. Self-checking tests
1 Demonstrate the geological aspects of road construction in the case of Greenland!

6. 6. Environmental geology; definition and methods
6.1. 6.1. Fundamentals of environmental geology
Geology is the science of processes related to the composition, structure, and history of Earth and its life.
Geology is an interdisciplinary science, relying on aspects of chemistry (composition of Earth‘s materials),
physics (natural laws), and biology (understanding of life-forms). Any deﬁned part of the universe are parts of a
system. Examples of systems are a planet, a volcano, an ocean basin, and a river. Most systems contain several
component parts that mutually adjust to function as a whole, with changes in one component bringing about
changes in other components. For example, the components of our global system are water, land, atmosphere,
and life. These components mutually adjust, helping to keep the entire Earth system operating. Input–output
analysis is an important method for analyzing change in open systems.
Earth systems science is the study of the entire planet as a system in terms of its components. The components
of the Earth systema are the atmosphere (air), hydrosphere (water), biosphere (life), and lithosphere (rocks).
Because these systems are linked, it is also important to understand and be able to predict the impacts of a
change in one component on the others (Fig. 6.1.).
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Fig. 6.1. The System of the Earth (Földessy 2011)

6.2. 6.2. Subjects of environmental geology
Environmental geology is applied geology. Speciﬁcally, it is the use of geologic information to help us solve
conﬂicts in land use, to minimize environmental degradation, and to maximize the beneﬁcial results of using our
natural and modiﬁed environments. The application of geology to these problems includes the study of the
following:
1. Earth materials, such as minerals, rocks, and soils, to determine how they form, their potential
use as resources or waste disposal sites, and their effects on human health;
2. Natural hazards, such as ﬂoods, landslides, earthquakes, and volcanic activity, in order to minimize loss of
life and property;
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3. Land for site selection, land-use planning, and environmental impact analysis;
4. Hydrologic processes of groundwater and surface water to evaluate water resources and water pollution
problems;
5. Geologic processes, such as deposition of sediment on the ocean ﬂoor, the formation of mountains, and the
movement of water on and below the surface of Earth, to evaluate local, regional, and global change.
Considering the breadth of its applications, we can further deﬁne environmental geology as the branch of Earth
science that studies the entire spectrum of human interactions with the physical environment. In this context,
environmental geology is a branch of environmentalscience, the science of linkages between physical,
biological, and social processes in the study of the environment.

6.2.1. 6.2.1. Geologic hazards
We humans, like all other animals, have to contend with natural processes, such as storms, ﬂoods, earthquakes,
landslides, and volcanic eruptions, that periodically damage property and kill us. During the past 20 years,
natural hazards on Earth have killed several million people. Early in human history, our struggle with natural
Earth processes was mostly a day-to- day experience. Our numbers were neither great nor concentrated, so
losses from hazardous Earth processes were not signiﬁcant. The concentration of population and resources also
increased the impact that periodic earthquakes, ﬂoods, and other natural disasters had on humans. This trend has
continued, so that many people today live in areas likely to be damaged by hazardous Earth processes or
susceptible to the adverse impact of such processes in adjacent areas.
Earthquakes, volcanoes, ﬂoods, and landslides are normal earth processes, events that have made our earth what
it is today. However, when they affect human populations, their consequences can be among the worst and most
feared disasters that befall us.
6.2.1.1. 6.2.1.1. Volcanoes
A volcano is a vent at the Earth's surface through which magma and associated gases erupt, and also the cone
built by eruptions. A volcano that is currently erupting or showing signs of unrest (earthquakes, gas emissions)
is considered active. A volcano that is not currently active but which could become active again is considered
dormant. Extinct volcanoes are those considered unlikely to erupt again. Over hundreds of millions of years,
gaseous emissions from these sources formed the earth‘s earliest oceans and atmosphere. Volcanic eruptions are
one of Earth's most dramatic and violent agents of change. They pose significant geologic hazards because their
eruptions and associated activities can affect large areas and go on for extended periods of time. Many kinds of
volcanic activity can endanger the lives of people and property, and the affects of these activities are felt both
close to and far away from the volcano. Explosive eruptions can spread lava, gas and other materials over a wide
area, and may drastically alter the landscape. Slow eruptions or flows can also alter landscapes, while associated
earthquakes, atmospheric effects, landslides, and floods all may damage or destroy property and threaten human
lives. One of the most famous historic volcanic eruptions was that of Mount Vesuvius in southern Italy, which
buried the cities of Herculaneum and Pompeii in A.D. 79. The mountain had been showing signs of activity
before it erupted, but many citizens chose to stay and take a chance on survival. On August 24, the mountain
buried the two towns in ash. Thousands were killed by the dense, hot, toxic gases that accompanied the ash
ﬂowing down from the volcano‘s mouth. It continues to erupt from time to time. Nuees ardentes (French for
―glowing clouds‖) are deadly, denser-than-air mixtures of hot gases and ash like those that inundated Pompeii
and Herculaneum. Temperatures in these clouds may exceed 1,000oC, and they move at more than 100 km/h
(60 mph) (Fig. 6.2.) (Picts. 6.1., 6.2.).
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Fig. 6.2. Map of the Ring of Fire
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Pict. 6.1. Effusive volcanism, Mauna Kea

Pict. 6.2. Explosive volcanism

6.2.1.2. Earthquakes
Earthquakes occur all over the world and often occur without significant warning. These geohazards can have
far-reaching affects on humans and on the surface of the Earth. Small, localized earthquakes may cause no
noticeable damage and may not even be felt by people living in the affected area. In contrast, a large earthquake
may cause destruction over a wide area and be felt thousands of miles away. Earthquakes can also occur within
plates, although plate-boundary earthquakes are much more common. Less than 10 percent of all earthquakes
occur within plate interiors. As plates continue to move and plate boundaries change over geologic time,
weakened boundary regions become part of the interiors of the plates. These zones of weakness within the
continents can cause earthquakes in response to stresses that originate at the edges of the plate or in the deeper
crust. Earthquakes are sudden movements in the earth‘s crust that occur along faults (planes of weakness),
where one rock mass slides past another one. When movement along faults occurs gradually and relatively
smoothly, it is called creep or seismic slip and may be undetectable to the casual observer. When friction
prevents rocks from slipping easily, stress builds up until it is ﬁnally released with a sudden jerk. The point on a
fault at which the ﬁrst movement occurs during an earthquake is called the epicentre (Fig. 6.3-6.5.).

Fig. 6.3. Position of hypocentre and epicentre of the earthquakes (Földessy 2011)

82
Created by XMLmind XSL-FO Converter.

Fig. 6.4. Longitudinal and transversal waves (Földessy 2011)

Fig. 6.5. Types of surface waves (Földessy 2011)
Earthquake strength is measured as both magnitude and intensity. Magnitude measures the relative strength of
an earthquake and is recorded with the Richter scale. Each earthquake only has one magnitude. People usually
cannot feel earthquakes with magnitudes of 3.0 or less. Earthquakes have always seemed mysterious, sudden,
and violent, coming without warning and leaving ruined cities and dislocated landscapes in their wake. Cities
such as Kobe, Japan, or Mexico City, parts of which are built on soft landﬁll or poorly consolidated soil, usually

83
Created by XMLmind XSL-FO Converter.

suffer the greatest damage from earthquakes. Water-saturated soil can liquify when shaken. Buildings
sometimes sink out of sight or fall down like a row of dominoes under these conditions. Earthquakes frequently
occur along the edges of tectonic plates, especially where one plate is being subducted, or pushed down, beneath
another. Earthquakes also occur in the centers of continents, however.
6.2.1.2. 6.2.1.3. Landslides
Gravity constantly pulls downward on every material everywhere on earth. Hillsides, beaches, even relatively
ﬂat farm ﬁelds can lose material to erosion. Often, water helps to mobilize loose material, and catastrophic
landslides, beach erosion, and gully development can occur in a storm. They can also be started by earthquakes,
volcanic activity, changes in groundwater, disturbance or change of a slope by man-made construction activities,
or any combination of these factors. A variety of other natural causes may also result in landslides, and they may
trigger additional hazards, such as tsunamis caused by submarine landslides. A landslide occurs when the force
that is pulling the slope downward (gravity) exceeds the strength of the earth materials that compose the slope.
Where houses are built on erodible surfaces, enormous loss of property can result. Landslides, also called mass
wasting or mass movement, occur when masses of material move downslope. Slow and subtle landslips are
common, but rockslides, mudslides, and slumping can be swift and dangerous. When unconsolidated sediments
on a hillside are saturated by a storm or exposed by logging, road building, or house construction, slopes are
especially susceptible to sudden landslides. Often people are unaware of the risks they face by locating on or
under unstable hillsides. Sometimes they simply ignore clear and obvious danger. In Southern California, where
land prices are high, people often build expensive houses on steep hills and in narrow canyons. Most of the time,
this dry environment appears quite stable, but the chaparral vegetation burns frequently and ﬁercely (Fig. 6.6.,
6.7.).

Fig. 6.6. Gravitation moovings: a, slipping; b, creeping; c, solifluction (Földessy 2011)
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Fig. 6.7. Soil creep (Földessy 2011)

6.2.2. 6.2.2. Antropogen environmental hazards
People on Earth are absolutely dependent on natural resources associated with the geologic environment,
including water, minerals, energy, and soils. present basic information concerns our natural resources and to
identify potential environmental problems and solutions associated with the use of resources. Two fundamental
certainties come to mind: (1) Earth is the only suitable habitat that we have and (2) our resources are limited.
Environmental hazards can have subtle effects on human health and they rarely cause immediate illness. Their
effect on the human body can go unnoticed and years or decades may pass before symptoms appear. A single
exposure or a single chemical may not trigger an illness, but an accumulation of exposures over time can take its
toll. Many hazards may influence the appearance of one disease, while a single hazard may influence many
outcomes, and genes and behavior may also affect how environmental hazards cause disease in individuals.
Only by systematically measuring environmental hazards, tracing their geographic distribution, documenting
their residues in human tissues, and understanding their connection with illness can we help prevent suffering
and disease caused by environmental hazards.

6.3. 6.3. Methods
Information about landforms (geomorphology), earthquake risk, activity of faults, land sliding, subsidence and
caving to the surface as a result of mining and karst must also be collected. Planning of an investigation must
take into account accessibility, whether the surficial rock is unconsolidated or consolidated and the investigation
methods must be appropriate for the geological/hydrogeological conditions. The investigation must focus not
only on the immediate site (e.g., the actual landfill area), but also on the surrounding area. The geological
surroundings are described as that area around a landfill or site suspected to be hazardous that can be assumed to
be affected by possible spreading of pollution with a degree of probability greater than zero and whose
contaminant retention capacity will be exploited.

6.3.1. 6.3.1. Field methods
The lithological, petrophysical and hydraulic properties of the relevant lithological units must be established.
These properties can be determined from well cores and other samples, laboratory analyses, geophysical
borehole logging hydraulic well tests, and surface geophysical measurements. The contaminant retention
capacity of the ground must also be estimated. Other aspects that need to be taken into consideration for an
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assessment of the subsurface are bedding and tectonic structures. The tectonic structures are important for
interpreting the formation and movement of the Earth‘s crust. Sedimentary rocks are deposited under the
influence of water, wind and gravity, generally as even, parallel layers. The bedding created during rock
formation can be changed, for example, by extension or compression.
6.3.1.1. 6.3.1.1. Trenching
An exposure that can be used to investigate the top several meters of soil and rock can be made by digging a
trench. This is usually done with an excavator, seldom by hand. Trenches offer a cost-effective means of
obtaining an exact record of the lithological succession and geological structure in unconsolidated and
consolidated rocks above the groundwater table down to a depth of several meters. Trenches allow the taking of
samples to determine mechanical and hydraulic properties of rocks, e.g., compressibility, shear strength, and
hydraulic conductivity. The trenches can be dug at relatively arbitrary locations in areas of unconsolidated rock
in order, for example, to investigate the depth and the extent of the weathering of boulder clay or to describe the
bedding conditions in an area of sand cover. It is easy to construct such trenches and to install shoring in them.
Trenches in consolidated rock can also be useful not only for investigating the zone of weathering and zones of
fracturing (e.g., faults), but also for mapping bedding planes and thinning out of beds as well as for investigating
thin interbeds.
6.3.1.2. 6.3.1.2. Drilling
Drilling is the process of making a circular hole with a drill or other cutting tool. Samples can be obtained from
the drill cuttings or by coring during the drilling. Boreholes are used to obtain detailed information about rock
types, mineral content, rock fabric and the relationships between rock layers at selected locations. Boreholes can
also be used as monitoring wells, test wells and production wells in hydrogeological investigation. In some
cases boreholes are plugged back to the surface after core sampling or logging, but in most cases they are used
as monitoring wells. Monitoring wells are drilled to different depths of the aquifer to obtain information about
the spatial distribution of contaminants and changes over time. The locations for drilling are selected using
information obtained by geological, geophysical and/or geochemical methods. Three principal drilling methods
are widely used for shallow-depth boreholes, depending on the type of information required and/or the rock
types being drilled: cable tool method, auger drilling, and rotary drilling.
The main criteria for the selection of the most suitable drilling method are a reliable investigation of the
subsurface down to the required depth, collection of good quality samples, and cost efficiency. Several
considerations must be taken into account: what type of rock (unconsolidated and/or consolidated formations) is
to be drilled through; in the case of hard rock, drilling tools will need cooling and lubrication; rock cuttings and
debris must be removed; andunconsolidated rock will require support to prevent the hole from collapsing.
1) Electromagnetic methods: Electromagnetic inductive methods provide an excellent means to obtain
information about electrical ground conductivities. They can be classified as natural field methods and
controlled source methods. The well-known natural field method magnetotellurics, used since the 1950s
employs fluctuations of the Earth‘s magnetic field ranging from 10 -5 seconds to several hours to study the
distribution of the conductivities with depth.
2) Direct Current Resistivity Methods: Direct current (dc) resistivity methods use artificial sources of current to
produce an electrical potential field in the ground. In almost all resistivity methods, a current is introduced into
the ground through point electrodes (C1, C2) and the potential field is measured using two other electrodes (the
potential electrodes P1 and P2).
3) Magnetic methods: Everywhere on the Earth there is a natural magnetic field which moves a horizontally
free-moving magnetic needle (magnetic compass) to magnetic north. The magnetic field is a vector field, i.e., it
is described by its magnitude and direction. The magnetic field consists of three parts: the main field, a
fluctuating field, and a local anomaly field.
4) Gravity methods: Gravity is defined as the force of mutual attraction between two bodies, which is a function
of their masses and the distance between them, and is described by Newton´s law of universal gravitation. An
effect of gravity is observed when the fruit from a tree falls to the ground. The gravity field at each location on
Earth consists of a global field which is superimposed by a local anomaly field. In a gravity survey,
measurements are made of the local gravity field differences due to density variations in the subsurface. The
effects of smallscale masses are very small compared with the effects of the global part of the Earth‘s gravity
field (often on the order of 1 part in 10 6 to 107).
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5) Ground penetrating radar: Ground penetrating radar (GPR) is an electromagnetic pulse reflection method
based on physical principles similar to those of reflection seismics. It is a geophysical technique for shallow
investigations with high resolution which has undergone a rapid development during the last two decades.
Reflections and diffractions of electromagnetic waves occur at boundaries between rock strata and objects that
have differences in their electrical properties. Electric permittivity and electric conductivity are the
petrophysical parameters which determine the reflectivity of layer boundaries and the penetration depth.
Because the magnetic permeability µ is approximately equal to µ0 (= 4 10-7 V s A-1 m-1) for most rocks except
ferromagnetics, only the value of µ0 has to be considered in calculations.
6) Seismic Methods: The basic principle of all seismic methods is the controlled generation of elastic waves by
a seismic source in order to obtain an image of the subsurface. Seismic waves are pulses of strain energy that
propagate in solids and fluids. Seismic energy sources, whether at the Earth‘s surface or in shallow boreholes,
produce wave types known as: body waves, where the energy transport is in all directions, and surface waves,
where the energy travels along or near to the surface. Two main criteria distinguish these wave types from each
other – the propagation zones and the direction of ground movement relative to the propagation direction. Of
prime interest in shallow seismics are the two types of body waves: P-waves (primary, longitudinal or
compressional waves) with particle, motion parallel to the direction of propagation; and S-waves (secondary,
shear or transverse waves) with particle motion perpendicular to the direction of propagation – when particle
motion is in the vertical plane they are referred to as SV-waves, and SH-waves when the particle motion is in
the horizontal plane. The velocity of seismic waves is the most fundamental parameter in seismic methods. It
depends on the elastic properties as well as bulk densities of the media and varies with mineral content,
lithology, porosity, pore fluid saturation and degree of compaction. P-waves have principally a higher velocity
than S-waves. S-waves cannot propagate in fluids because fluids do not support shear stress. During their
propagation within the subsurface seismic waves are reflected, refracted or diffracted when elastic contrasts
occur at boundaries between layers and rock masses of different rock properties (seismic velocities and/or bulk
densities) or at man-made obstacles.
6.3.1.3. 6.3.1.3. Hydrogeological methods
The area around both vulnerable sites (e.g., waterworks) and hazardous sites (e.g., landfills and industrial plants)
has to be monitored for contaminants. The integrity of contaminant barriers and the success of rehabilitation of
contaminated sites must also be monitored. The spread of contaminants occurs via three paths: water, soil, and
air. Of these, groundwater and surface water are the most significant. A new technological development permits
continual in-situ monitoring over long periods of time. The concept is based on a combination of measurements
made with multi-parameter probes and an optical sensor system to obtain point data together with an
electromagnetic (EM) system to obtain spatial data. Multi-parameter probe is an instrument for measuring
several environmental parameters at the same time, such as electrical conductivity, temperature, pH, redox
potential, and oxygen concentration.

6.3.2. 6.3.2. Laboratory methods
In addition to field tests, laboratory methods are used to determine physical parameters of soil, sediment, and
rock. Mostly soil and unconsolidated sediment samples are tested in laboratory for petrophysical properties.
Consolidated rocks are seldom used for such testing because of their heterogeneous distribution of cracks and
joints. Small soil/sediment samples collected in the field are tested in the laboratory under controlled conditions.
The advantage of laboratory tests is that the experiments are carried out ―under controlled conditions‖.
Disadvantages are the problems of sample disturbance and representativeness of relatively small samples. Field
and laboratory tests supplement and are a check on each other. Described here are laboratory methods for
determining grain size distribution, porosity, and hydraulic conductivity of soil and sediments.
Small soil/sediment samples collected in the field are tested in the laboratory under controlled conditions. The
advantage of laboratory tests is that the experiments are carried out ―under controlled conditions‖.
Disadvantages are the problems of sample disturbance and representativeness of relatively small samples. Field
and laboratory tests supplement and are a check on each other. Described here are laboratory methods for
determining grain size distribution, porosity, and hydraulic conductivity of soil and sediments.
1) Grain size is the most fundamental physical property of soil, sediment and rock. It refers to the physical
dimensions of individual particles. Grain-size analysis, also known as particle-size analysis or granulometric
analysis, is the most basic sedimentological technique to characterize soil and sediment. Data from grain-size
analysis is used to estimate parameters such as porosity and hydraulic conductivity, and to classify sediments.
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The traditional method of determining the grain size distribution of soil and sediment samples is sieving for the
coarse fractions and the pipette method, based on the ―Stokes‖ sedimentation rates, for the fine fractions (sievepipette method). Grain-size analysis is now commonly done using hightech laser instruments.
2) Porosity. Soil, sediment and rock are multi-phase systems consisting of a solid part (solid phase) and voids
filled with gaseous and/or liquid phases. The primary voids (pores) can be modified by tectonic processes
(development of cracks, joints and fissures), dissolution and cementation, to form secondary pore spaces. The
primary minerals of the solid phase must be distinguished from the secondary cement minerals (e.g., quartz and
carbonate). Therefore, porosity is a complicated parameter. Porosity depends on the structure and texture,
uniformity of grain size, grain shape, packing density and degree of cementation of the pore and/or joint spaces.
3) Hydraulic conductivity. The Hazen approximation of hydraulic conductivity is one of the oldest, but widely
used methods to estimate hydraulic conductivity of sediments based on their grain-size distribution: kf =
Cd210[cm s-1], where C is a coefficient whose values depend on the type of sediment, and d has to be given in cm.
4) Radioactivity. Radioactivity logging methods measure (total and/or spectral measurement) the natural
gamma-radiation (gamma-ray log) or the secondary gamma or neutron radiation produced by a primary
radiation source (gamma-gamma log, neutron-neutron log, neutron-gamma log). The natural gamma-radiation
measured with a gamma-ray logging tool (GR) is from the natural 40K in the ground and the isotopes of the
uranium and thorium decay series. These isotopes occur naturally in clay, making it possible to distinguish
between sand and clay layers and to estimate the clay content.

6.3.3. 6.3.3. Mapping
Making of thematic maps is a good way to summarize our observations. The thematic map approach is used to
identify map units on the basis of lithology, morphology, slope category, hydrogeology, hydrography and soil
and rock properties. The individual thematic maps are combined to delineate the map units: these are then
assigned attributes of environmental significance. Their capabilities are evaluated in relation to human activities
and land use practices.
Environmental geology maps have three types: basic maps, target maps and result maps.
Basic maps contain several types of base data, like geological formations, tectonically formations, climatic
conditions and hydrogeological conditions.
Target maps are what summarize our work on the field or in the laboratory. It has several types on the base of
investigational subjects. For example economic-geologic maps, engineering-geologic maps, agrogeological
maps and environmental geologic maps.
Result maps synthetize the information of basic maps and target maps. These show the areas with similar
environmental conditions. For example pollution maps and susceptibility maps can be rate to this group (Fig.
6.8.).
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Fig. 6.8. Map of sensitivity of groundwaters (www.kvvm.hu

6.4. Presentation
For more information on this chapter see the presentation below
Presentation

6.5. Self-checking tests
1 Describe the natural geologic hazards! 2 What are the the most important investigation methods of
environmetal geology?

7. 7. Environmental effects of human activity; mining
Mining is the extraction of valuable minerals, ores or other geological materials from the Earth‘s crust- Mining
sector useful from industrial point of view are introduced in the following pages.

7.1. 7.1. Mining
Mining is the extraction of valuable minerals or other geological materials from the earth from an orebody, lode,
vein, seam, or reef, which forms the mineralized package of economic interest to the miner.
Ores recovered by mining include metals, coal and oil shale, gemstones, limestone, and dimension stone, rock
salt and potash, gravel, and clay. 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 includes
extraction of any non-renewable resource such as petroleum, natural gas, or even water.
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, and
modern practices have improved safety in mines significantly.
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7.1.1. 7.1.1. History
Since the beginning of civilization, people have used stone, ceramics and, later, metals found on or close to the
Earth's surface. The oldest known mine on archaeological record is the "Lion Cave" in Swaziland, which
radiocarbon dating shows to be about 43,000 years old. At this site paleolithic humans mined hematite to make
the red pigment ochre. Mines of a similar age in Hungary are believed to be sites where Neanderthals may have
mined flint for weapons and tools (Pict. 7.1.).

Pict. 7.1. Ancient pigment mine at Lovas
Mining in Egypt occurred in the earliest dynasties. The gold mines of Nubia were among the largest and most
extensive of any in Ancient Egypt, and are described by the Greek author Diodorus Siculus. He mentions that
fire-setting was one method used to break down the hard rock holding the gold.
Mining in Europe has a very long history also. It is the Romans who developed large scale mining methods,
especially the use of large volumes of water brought to the minehead by numerous aqueducts. The water was
used for a variety of purposes, including using it to remove overburden and rock debris, called hydraulic mining,
as well as washing comminuted or crushed ores, and driving simple machinery.
The methods had been developed by the Romans in Spain in 25 AD to exploit large alluvial gold deposits at Rio
Tinto.
Mining as an industry underwent dramatic changes in medieval Europe. The mining industry in the early Middle
Ages was mainly focused on the extraction of copper and iron. Other precious metals were also used mainly for
gilding or coinage. Initially, many metals were obtained through open-pit mining, and ore was primarily
extracted from shallow depths, rather than though the digging of deep mine shafts. Around the 14th century, the
demand for weapons, armour, stirrups, and horseshoes greatly increased the demand for iron. Medieval knights
for example were often laden with up to 100 pounds of plate or chain link armour in addition to swords, lances
and other weapons. The overwhelming dependency on iron for military purposes helped to spur increased iron
production and extraction processes.
Use of water power in the form of water mills was extensive; they were employed in crushing ore, raising ore
from shafts and ventilating galleries by powering giant bellows. Black powder was first used in mining in
Selmecbánya, Kingdom of Hungary in 1627. Black powder allowed blasting of rock and earth to loosen and
reveal ore veins. Blasting was much faster than fire-setting and allowed the mining of previously impenetrable
metals and ores. In 1762, the world's first mining academy was established in the same town.

7.1.2. 7.1.2. Mining techniques
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Mining techniques can be divided into two common excavation types: surface mining and sub-surface
(underground) mining. Today, surface mining is much more common, and produces, for example, 85% of
minerals (excluding petroleum and natural gas) in the United States, including 98% of metallic ores.
Targets are divided into two general categories of materials: placerdeposits, consisting of valuable minerals
contained within river gravels, beach sands, and other unconsolidated materials; and lodedeposits, where
valuable minerals are found in veins, in layers, or in mineral grains generally distributed throughout a mass of
actual rock. Both types of ore deposit, placer or lode, are mined by both surface and underground methods.
Some mining, including much of the rare earth elements and uranium mining, is done by less-common methods,
such as in-situ leaching: this technique involves digging neither at the surface nor underground. The extraction
of target minerals by this technique requires that they be soluble, e.g., potash, potassium chloride, sodium
chloride, sodium sulfate, which dissolve in water. Some minerals, such as copper minerals and uranium oxide,
require acid or carbonate solutions to dissolve.
7.1.2.1. 7.1.2.1. Surface mining
Surface mining is done by removing (stripping) surface vegetation, dirt, and if necessary, layers of bedrock in
order to reach buried ore deposits. Techniques of surface mining include; Open-pit mining which consists of
recovery of materials from an open pit in the ground, quarrying or gathering building materials from an open pit
mine, strip mining which consists of stripping surface layers off to reveal ore/seams underneath, and
mountaintop removal, commonly associated with coal mining, which involves taking the top of a mountain off
to reach ore deposits at depth. Most (but not all) placer deposits, because of their shallowly buried nature, are
mined by surface methods. Landfill mining, finally, involves sites where landfills are excavated and processed
(Fig. 7.1.) (Pict. 7.2.).

Fig. 7.1. Model os a surface mining (Kerényi 2003)
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Pict. 7.2. Detail of the lignite mine at Visonta
7.1.2.2. 7.1.2.2. Underground mining
Sub-surface mining consists of digging tunnels or shafts into the earth to reach buried ore deposits. Ore, for
processing, and waste rock, for disposal, are brought to the surface through the tunnels and shafts. Sub-surface
mining can be classified by the type of access shafts used, the extraction method or the technique used to reach
the mineral deposit. Drift mining utilizes horizontal access tunnels, slope mining uses diagonally sloping access
shafts and shaft mining consists of vertical access shafts. Mining in hard and soft rock formations require
different techniques (Pict. 7.3.).
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Pict. 7.3. Adit of an abandoned underground mine
Other methods include shrinkage stope mining which is mining upward creating a sloping underground room,
long wall mining which is grinding a long ore surface underground and room and pillar which is removing ore
from rooms while leaving pillars in place to support the roof of the room. Room and pillar mining often leads to
retreat mining which is removing the pillars which support rooms, allowing the room to cave in, loosening more
ore. Additional sub-surface mining methods include hard rock mining which is mining of hard materials, bore
hole mining, drift and fill mining, long hole slope mining, sub level caving and block caving.
7.1.2.3. 7.1.2.3. Drilling
An oil well is a general term for any boring through the Earth's surface that is designed to find and acquire
petroleum oil hydrocarbons. Usually some natural gas is produced along with the oil. A well that is designed to
produce mainly or only gas may be termed a gas well.
The well is created by drilling a hole 5 to 50 inches (127.0 mm to 914.4 mm) in diameter into the earth with a
drilling rig that rotates a drill string with a bit attached. After the hole is drilled, sections of steel pipe (casing),
slightly smaller in diameter than the borehole, are placed in the hole. Cement may be placed between the outside
of the casing and the borehole. The casing provides structural integrity to the newly drilled wellbore, in addition
to isolating potentially dangerous high pressure zones from each other and from the surface (Pict. 7.4.).

Pict. 7.4. Oil-drilling at the Hungarian Great Plain
With these zones safely isolated and the formation protected by the casing, the well can be drilled deeper (into
potentially more-unstable and violent formations) with a smaller bit, and also cased with a smaller size casing.
Modern wells often have two to five sets of subsequently smaller hole sizes drilled inside one another, each
cemented with casing.
Fossil-fuel wells come in many varieties. By produced fluid, there can be wells that produce oil, wells that
produce oil and natural gas, or wells that only produce natural gas. Natural gas is almost always a byproduct of
producing oil, since the small, light gas carbon chains come out of solution as they undergo pressure reduction
from the reservoir to the surface, similar to uncapping a bottle of soda pop where the carbon dioxide effervesces.
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Unwanted natural gas can be a disposal problem at the well site. If there is not a market for natural gas near the
wellhead it is virtually valueless since it must be piped to the end user. Until recently, such unwanted gas was
burned off at the wellsite, but due to environmental concerns this practice is becoming less common. Often,
unwanted (or 'stranded' gas without a market) gas is pumped back into the reservoir with an 'injection' well for
disposal or repressurizing the producing formation. Another solution is to export the natural gas as a liquid. Gas
to liquid, (GTL) is a developing technology that converts stranded natural gas into synthetic gasoline, diesel or
jet fuel through the Fischer-Tropsch process developed in World War II Germany. Such fuels can be transported
through conventional pipelines and tankers to users.
7.1.2.4. 7.1.2.4. Offshore drilling
Offshore drilling refers to a mechanical process where a wellbore is drilled through the seabed. It is typically
carried out in order to explore for and subsequently extract petroleum which lies in rock formations beneath the
seabed. Most commonly, the term is used to describe drilling activities on the continental shelf, though the term
can also be applied to drilling in lakes, inshore waters and inland seas.
Offshore drilling presents environmental challenges, both from the produced hydrocarbons and the materials
used during the drilling operation. Controversies include the ongoing US offshore drilling debate.
There are many different types of facilities from which offshore drilling operations take place. These include
bottom founded drilling rigs (jackup barges and swamp barges), combined drilling and production facilities
either bottom founded or floating platforms, and deepwater mobile offshore drilling units (MODU) including
semi-submersibles and drillships. These are capable of operating in water depths up to 10,000 ft. In shallower
waters the mobile units are anchored to the seabed, however in deeper water (>5,000 ft) the semisubmersibles or
drillships are maintained at the required drilling location using dynamic positioning (Pict. 7.5.).

Pict. 7.5. Offshore drill tower

7.1.3. 7.1.3. Mining sectors
7.1.3.1. 7.1.3.1. Coal mining
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.
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At various times in the geologic past, 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. As the process continued 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 was slowly converted to coal. As coal contains mainly carbon,
the conversion of dead vegetation into coal is called carbonization.
The wide, shallow seas of the Carboniferous era provided ideal conditions for coal formation, although coal is
known from most geological periods. Coal is known from Precambrian strata, which predate land plants — this
coal is presumed to have originated from residues of algae.
As geological processes apply pressure to dead biotic material over time, under suitable conditions it is
transformed successively into:
Peat considered to be a precursor of coal. 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, or brown coal, is the lowest rank of coal and used almost exclusively as fuel for electric
power generation. Jet, a compact form of lignite, is sometimes polished and has been used as an ornamental
stone since the Upper Palaeolithic. Sub-bituminous coal properties range from those of lignite to those of
bituminous coal. Bituminous coal is a dense sedimentary rock, usually black, but sometimes dark brown, often
with well-defined bands of bright and dull material. "Steam coal" is a grade between bituminous coal and
anthracite. Anthracite, the highest rank of coal, is a harder, glossy black coal used primarily for residential and
commercial space heating. It may be divided further into metamorphically altered bituminous coal and "petrified
oil", as from the deposits in Pennsylvania.
Coal is extracted from the ground by coal mining, either underground by shaft mining, or at ground level by
open pit mining extraction. It requires large areas of land to be temporarily disturbed. This raises a number of
environmental challenges, including soil erosion, dust, noise and water pollution, and impacts on local
biodiversity. Steps are taken in modern mining operations to minimise impacts on all aspects of the
environment. By carefully pre-planning projects, implementing pollution control measures, monitoring the
effects of mining and rehabilitating mined areas, the coal industry minimises the impact of its activities on the
neighbouring community, the immediate environment and on long-term land capability (Picts. 7.6., 7.7.).
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Pict. 7.7. View of the lignoite mine ata Bükkábrány

Pict. 7.6. Lignite
7.1.3.2. Bauxite mining

Bauxite is an aluminium ore and is the main source of aluminium. This form of rock consists mostly of the
minerals gibbsite Al(OH)3, boehmite γ-AlO(OH), and diaspore α-AlO(OH), in a mixture with the two iron
oxides goethite and hematite, the clay mineral kaolinite, and small amounts of anatase TiO 2. Lateritic bauxites
(silicate bauxites) are distinguished from karst bauxite ores (carbonate bauxites). The early discovered carbonate
bauxites occur predominantly in Europe and Jamaica above carbonate rocks (limestone and dolomite), where
they were formed by lateritic weathering and residual accumulation of intercalated clays or by clay dissolution
residues of the limestone.
The lateritic bauxites are found mostly in the countries of the tropics. They were formed by lateritization of
various silicate rocks such as granite, gneiss, basalt, syenite, and shale. In comparison with the iron-rich
laterites, the formation of bauxites demands even more on intense weathering conditions in a location with very
good drainage. This enables the dissolution of the kaolinite and the precipitation of the gibbsite. Zones with
highest aluminium content are frequently located below a ferruginous surface layer. The aluminium hydroxide
in the lateritic bauxite deposits is almost exclusively gibbsite.
In the case of Jamaica, recent analysis of the soils showed elevated levels of cadmium suggesting that the
bauxite originates from recent Miocene ash deposits from episodes of significant volcanism in Central America.
More than 100 million tonnes of bauxite are mined each year. The major locations of deposits are found in a
wide belt around the equator. Bauxite is currently being extracted in Australia (in excess of 40 million tonnes
per year), Central and South America (Jamaica, Brazil, Surinam, Venezuela, Guyana), Africa (Guinea), Asia
(India, China), Russia, Kazakhstan and Europe (Greece).
The material is mainly extracted by open-cast mining, which has a variable and highly site-specific effect on the
local environment. The primary ecological concerns connected to this operation are related to the clearing of
vegetation, affect on local flora and fauna, and soil erosion (Pict. 7.8.).

Pict. 7.8. View of the bauxite mine, Nyirád
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7.1.3.2. 7.1.3.3. Uranium mining
Uraniummining is the process of extraction of uranium ore from the ground. The worldwide production of
uranium in 2009 amounted to 50,572 tonnes. Kazakhstan, Canada, and Australia are the top three producers and
together account for 63% of world uranium production. Other important uranium producing countries in excess
of 1000 tonnes per year are Namibia, Russia, Niger, Uzbekistan, and the United States.
A prominent use of uranium from mining is as fuel for nuclear power plants. As of 2008, known uranium ore
resources that can be mined at about current costs are estimated to be sufficient to produce fuel for about a
century, based on current consumption rates.
After mining uranium ores, they are normally processed by grinding the ore materials to a uniform particle size
and then treating the ore to extract the uranium by chemical leaching. The milling process commonly yields dry
powder-form material consisting of natural uranium, "yellowcake," which is sold on the uranium market as
U3O8.
Many different types of uranium deposits have been discovered and mined. There are mainly three types of
uranium deposits including unconformity-type deposits, namely paleoplacer deposits and sandstone-type also
known as roll front type deposits.
Uranium deposits in sedimentary rocks include those in sandstone (in Canada and the western US), Precambrian
unconformities (in Canada), phosphate, Precambrian quartz-pebble conglomerate, collapse breccia pipes (see
Arizona Breccia Pipe Uranium Mineralization), and calcrete.
Sandstone uranium deposits are generally of two types. Roll-front type deposits occur at the boundary between
the up dip and oxidized part of a sandstone body and the deeper down dip reduced part of a sandstone body.
Peneconcordant sandstone uranium deposits, also called ColoradoPlateau-type deposits, most often occur within
generally oxidized sandstone bodies, often in localized reduced zones, such as in association with carbonized
wood in the sandstone.
Precambrian quartz-pebble conglomerate-type uranium deposits occur only in rocks older than two billion years
old. The conglomerates also contain pyrite. These deposits have been mined in the Blind River-Elliot Lake
district of Ontario, Canada, and from the gold-bearing Witwatersrand conglomerates of South Africa (Pict.
7.9.).

97
Created by XMLmind XSL-FO Converter.

Pict. 7.9. Entrance of the abandoned uranium mine at Kővágószőlős
7.1.3.3. 7.1.3.4. Petroleum mining
Petroleum (crude oil) consists of a large number of organic compounds mostly saturated hydrocarbons mixed
with sea water, and silt (fine clay). Petroleum (crude oil) cannot be used as such .However; Petroleum (crude
oil) can be separated into several useful products by fractional distillation.
Petroleum occurs at a depth ranging from a few hundred meters to about 2-3 kilometers. So, its mining is very
expensive process. The possible locations are first identified by aerial surveys and ground tests (this is called oil
exploration). Then, holes are drilled into the earth‘s crust and pipes are inserted until the pipes reach the
petroleum bearing rocks (this is called oil drilling). When pipes are lowered to slightly greater depths, then the
crude oil gushes out on its own due to high internal pressure of natural gas. When the gas pressure decreases, the
crude oil is pumped out with the help of pumps.
The crude oil from the oil field is taken to the refineries with the help of underground pipelines. The drill-hole
from which crude oil are mined are called oil-wells. Now –a day, petroleum is also mined by drilling holes into
the seabed. Such a drilling is called offshore drilling. The first oil-well was drilled in Pennsylvania, U.S.A., in
1859.

7.2. 7.2. Environmental effects
Environmental issues can include erosion, formation of sinkholes, loss of biodiversity, and contamination of
soil, groundwater and surface water by chemicals from mining processes. In some cases, additional forest
logging is done in the vicinity of mines to increase the available room for the storage of the created debris and
soil. Contamination resulting from leakage of chemicals can also affect the health of the local population if not
properly controlled. Extreme examples of pollution from mining activities include coal fires, which can last for
years or even decades, producing massive amounts of environmental damage (Fig. 7.2.) (Pict. 7.10.).
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Fig. 7.2. Conventional method of the mine opening and manageing of the mine rubbish

Pict. 7.10. Detail of a dump
Ore mills generate large amounts of waste, called tailings. For example, 99 tons of waste are generated per ton
of copper, with even higher ratios in gold mining. These tailings can be toxic. Tailings, which are usually
produced as a slurry, are most commonly dumped into ponds made from naturally existing valleys. These ponds
are secured by impoundments (dams or embankment dams). In 2000 it was estimated that 3,500 tailings
impoundments existed, and that every year, 2 to 5 major failures and 35 minor failures occurred; for example, in
the Marcopper mining disaster at least 2 million tons of tailings were released into a local river. Subaqueous
tailings disposal is another option. The mining industry has argued that submarine tailings disposal (STD),
which disposes of tailings in the sea, is ideal because it avoids the risks of tailings ponds; although the practice
is illegal in the United States and Canada, it is used in the developing world.
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The waste is classified as either sterile or mineralised, with acid generating potential, and the movement and
storage of this material forms a major part of the mine planning process. When the mineralised package is
determined by an economic cut-off, the near-grade mineralised waste is usually dumped separately with view to
later treatment should market conditions change and it becomes economic viable. Civil engineering design
parameters are used in the design of the waste dumps, and special conditions apply to high-rainfall areas and to
seismically active areas. Waste dump designs must meet all regulatory requirements of the country in whose
jurisdiction the mine is located. It is also common practice to rehabilitate dumps to an internationally acceptable
standard, which in some cases means that higher standards than the local regulatory standard are applied.
Mine operations work to improve their water management, aiming to reduce demand through efficiency,
technology and the use of lower quality and recycled water. Water pollution is controlled by carefully separating
the water runoff from undisturbed areas from water which contains sediments or salt from mine workings. Clean
runoff can be discharged into surrounding water courses, while other water is treated and can be reused such as
for dust suppression and in coal preparation plants.
Acid mine drainage (AMD) can be a challenge at mining operations. AMD is metal-rich water formed from the
chemical reaction between water and rocks containing sulphur-bearing minerals. The runoff formed is usually
acidic and frequently comes from areas where ore- or coal mining activities have exposed rocks containing
pyrite, a sulphur-bearing mineral. However, metal-rich drainage can also occur in mineralised areas that have
not been mined. AMD is formed when the pyrite reacts with air and water to form sulphuric acid and dissolved
iron. This acid run-off dissolves heavy metals such as copper, lead and mercury into ground and surface water.
Dust at mining operations can be caused by trucks being driven on unsealed roads, coal crushing operations,
drilling operations and wind blowing over areas disturbed by mining. Dust levels can be controlled by spraying
water on roads, stockpiles and conveyors. Other steps can also be taken, including fitting drills with dust
collection systems and purchasing additional land surrounding the mine to act as a buffer zone. Trees planted in
these buffer zones can also minimise the visual impact of mining operations on local communities.
Noise can be controlled through the careful selection of equipment and insulation and sound enclosures around
machinery.

7.3. 7.3. Mine-rehabilitation
There are upwards of 560,000 abandoned mines on public and privately owned lands in the United States alone.
Abandoned mines may be dangerous to anyone who attempts to explore them without proper knowledge and
safety training.
Mining is only a temporary use of land, so it is vital that rehabilitation of land takes place once mining
operations have stopped. In best practice a detailed rehabilitation or reclamation plan is designed and approved
for each mine, covering the period from the start of operations until well after mining has finished. Where the
mining is underground, the surface area can be simultaneously used for other uses - such as forests, cattle
grazing and growing crops - with little of no disruption to the existing land use.
Mine reclamation activities are undertaken gradually – with the shaping and contouring of spoil piles,
replacement of topsoil, seeding with grasses and planting of trees taking place on the mined-out areas. Care is
taken to relocate streams, wildlife, and other valuable resources.
As mining operations cease in one section of a surface mine, bulldozers and scrapers are used to reshape the
disturbed area. Drainage within and off the site is carefully designed to make the new land surface as stable and
resistant to soil erosion as the local environment allows. Based on the soil requirements, the land is suitably
fertilised and revegetated. Reclaimed land can have many uses, including agriculture, forestry, wildlife
habitation and recreation.
Companies carefully monitor the progress of rehabilitation and usually prohibit the use of the land until the
vegetation is self-supporting. The cost of the rehabilitation of the mined land is factored into the mine‘s
operating costs (Pict. 7.11.).
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Pict. 7.11. Geological field museum in an abandoned bauxite mine, Gánt, Bagoly Hill

7.4. 7.4. Mining today
Mining companies in most countries are required to follow stringent environmental and rehabilitation codes in
order to minimize environmental impact and avoid impacts on human health. These codes and regulations all
require the common steps of Environmental impact assessment, development of Environmental management
plans, Mine closure planning (which must be done before the start of mining operations), and Environmental
monitoring during operation and after closure. However, in some areas, particularly in the developing world,
regulation may not be well enforced by governments.
For major mining companies, and any company seeking international financing, there are however a number of
other mechanisms to enforce good environmental standards. These generally relate to financing standards such
as Equator Principles, IFC environmental standards, and criteria for Socially responsible investing. Mining
companies have used this financial industry oversight to argue for some level of self-policing. In 1992 a Draft
Code of Conduct for Transnational Corporations was proposed at the Rio Earth Summit by the UN Centre for
Transnational Corporations (UNCTC), but the Business Council for Sustainable Development (BCSD) together
with the International Chamber of Commerce (ICC) argued successfully for self-regulation instead.
This was followed up by the Global Mining Initiative which was initiated by nine of the largest metals and
mining companies, and led to the formation of the International Council on Mining and Metals to "act as a
catalyst" for social and environmental performance improvement in the mining and metals industry
internationally The mining industry has provided funding to various conservation groups, some of which have
been working with conservation agendas that are at odds with emerging acceptance of the rights of indigenous
people - particularly rights to make land-use decisions.
Certification of mines with good practices occurs through the International Organization for Standardization
(ISO) such as ISO 9000 and ISO 14001, which certifies an 'auditable environmental management system'; this
certification involves short inspections, although it has been accused of lacking rigor. Certification is also
available through Ceres'Global Reporting Initiative, but these reports are voluntary and unverified.
Miscellaneous other certification programs exist for various projects, typically through nonprofit groups.
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The purpose of a 2012 EPS PEAKS paper was to provide evidence on policies managing ecological costs and
maximise socio-economic benefits of mining using host country regulatory initiatives (Fig. 7.3.).

Fig. 7.3. Model of a moderm mining method (Kerényi 2003

7.5. Presentation
For more information on this chapter see the presentation below
Presentation

7.6. Self-checking tests
1 Delineate the effects of mining to the geological formations! 2 What kind of modern, environment-friendly
mining methods are known?

8. 8. Environmental effects of human activity; energy
production
8.1. 8.1. Energy production and consumption
Plants and animals need energy to life. Their biological energy comes from solar energy. The energy from the
sun is stored and transported in living organisms as chemical energy. Biological organisms use special
molecules called enzymes to make and break chemical bonds to create, change and degrade carbohydrates. Both
plants and animals have enzymes to change chemical bonds, but only plants (and some simple organisms) have
the ability convert solar energy into chemical energy on their own. Animals can only get the energy out of a
plant by eating it if the animal can break down the plant energy into usable molecules. Different animals have
different enzymes, which allow them to take advantage of different plant energy sources. For example, cows are
able to get energy by eating grass, but humans can not.
However, humans can make use of energy stored in plant matter in other ways as well. For example, fossil fuels,
which were once biological organisms, and trees can be burned to release their energy as heat and light.
Primary energy is an energy form found in nature that has not been subjected to any conversion or
transformation process. It is energy contained in raw fuels, and other forms of energy received as input to a
system. Energy commodities are either extracted or captured directly from natural resources (and are termed
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primary) such as crude oil, hard coal, natural gas, or are produced from primary commodities. The concept of
primary energy is used in energy statistics in the compilation of energy balances, as well as in the field of
energetics. In energetics, a primary energy source (PES) refers to the energy forms required by the energy sector
to generate the supply of energy carriers used by human society.
Secondary energy refers to the more convenient forms of energy which are transformed from other, primary,
energy sources through energy conversion processes. Examples are electricity, which is transformed from
primary sources such as coal, raw oil, fuel oil, natural gas, wind, sun, streaming water, nuclear power, gasoline
etc., but also refined fuels such as gasoline or synthetic fuels such as hydrogen fuels.
Modern appliances, such as refrigerators, freezers, ovens, stoves, dishwashers, and clothes washers and dryers,
use significantly less energy than older appliances. But industry and vehicles use the largest amount of energy to
power a diverse range of manufacturing and resource extraction processes. Many industrial processes require
large amounts of heat and mechanical power, most of which is delivered as natural gas, petroleum fuels and as
electricity. In addition some industries generate fuel from waste products that can be used to provide additional
energy (Fig. 8.1.).

Fig. 8.1. Relation of primary , secondary and final energy/fuel (after Kerényi 2003)

8.2. 8.2. Fossil fuel
Fossilfuels are fuels formed by natural processes such as anaerobic decomposition of buried dead organisms.
The age of the organisms and their resulting fossil fuels is typically millions of years, and sometimes exceeds
650 million years. Fossil fuels contain high percentages of carbon and include coal, petroleum, and natural gas.
They range from volatile materials with low carbon:hydrogen ratios like methane, to liquid petroleum to
nonvolatile materials composed of almost pure carbon, like anthracite coal. Methane can be found in
hydrocarbon fields, alone, associated with oil, or in the form of methane clathrates. Fossil fuels formed from the
fossilized remains of dead plants by exposure to heat and pressure in the Earth's crust over millions of years.
This biogenic theory was first introduced by Georg Agricola in 1556 and later by Mikhail Lomonosov in the 18 th
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century. Fossil fuels are non-renewable resources because they take millions of years to form, and reserves are
being depleted much faster than new ones are being made. The production and use of fossil fuels raise
environmental concerns.
Petroleum and natural gas are formed by the anaerobic decomposition of remains of organisms including
phytoplankton and zooplankton that settled to the sea (or lake) bottom in large quantities under anoxic
conditions, millions of years ago. Over geological time, this organic matter, mixed with mud, got buried under
heavy layers of sediment. The resulting high levels of heat and pressure caused the organic matter to chemically
alter, first into a waxy material known as kerogen which is found in oil shales, and then with more heat into
liquid and gaseous hydrocarbons in a process known as catagenesis.
Terrestrial plants, on the other hand, tend to form coal and methane. Many of the coal fields date to the
Carboniferous period of Earth's history. Terrestrial plants also form type III kerogen, a source of natural gas.
It was estimated by the Energy Information Administration that in 2007 primary sources of energy consisted of
petroleum 36.0%, coal 27.4%, natural gas 23.0%, amounting to an 86.4% share for fossil fuels in primary
energy consumption in the world. Non-fossil sources in 2006 included hydroelectric 6.3%, nuclear 8.5%, and
others (geothermal, solar, tidal, wind, wood, waste) amounting to 0.9%. World energy consumption was
growing about 2.3% per year.

8.2.1. 8.2.1. Air pollution and acidification
The U.S. holds less than 5% of the world's population but, due to large houses and private cars, uses more than a
quarter of the world's supply of fossil fuels. In the United States, more than 90% of greenhouse gas emissions
come from the combustion of fossil fuels. Combustion of fossil fuels also produces other air pollutants, such as
nitrogen oxides, sulfur dioxide, volatile organic compounds and heavy metals.
Combustion of fossil fuels generates sulfuric, carbonic, and nitric acids, which fall to Earth as acid rain,
impacting both natural areas and the built environment. The most important gas which leads to acidification is
sulfur dioxide. Emissions of nitrogen oxides which are oxidized to form nitric acid are of increasing importance
due to stricter controls on emissions of sulfur containing compounds.
The principal cause of acid rain is sulfur and nitrogen compounds from human sources, such as electricity
generation, factories, and motor vehicles. Electrical power complexes utilising coal are among the greatest
contributors to gaseous pollutions that are responsible for acidic rain. The gases can be carried hundreds of
kilometers in the atmosphere before they are converted to acids and deposited. In the past, factories had short
funnels to let out smoke but this caused many problems locally; thus, factories now have taller smoke funnels.
However, dispersal from these taller stacks causes pollutants to be carried farther, causing widespread
ecological damage.
Wet deposition of acids occurs when any form of precipitation (rain, snow, and so on.) removes acids from the
atmosphere and delivers it to the Earth's surface. As this acidic water flows over and through the ground, it
affects a variety of plants and animals. The strength of the effects depends on several factors, including how
acidic the water is; the chemistry and buffering capacity of the soils involved; and the types of fish, trees, and
other living things that rely on the water.
In areas where the weather is dry, the acid chemicals may become incorporated into dust or smoke and fall to
the ground through dry deposition, sticking to the ground, buildings, homes, cars, and trees. Dry deposited gases
and particles can be washed from these surfaces by rainstorms, leading to increased runoff. This runoff water
makes the resulting mixture more acidic. About half of the acidity in the atmosphere falls back to earth through
dry deposition. This can be responsible for as much as 20 to 60% of total acid deposition.
Acid rain does not usually kill trees directly. Instead, it is more likely to weaken trees by damaging their leaves,
limiting the nutrients available to them, or exposing them to toxic substances slowly released from the soil.
Quite often, injury or death of trees is a result of these effects of acid rain in combination with one or more
additional threats. The acidic water dissolves the nutrients and helpful minerals in the soil and then washes them
away before trees and other plants can use them to grow. At the same time, acid rain causes the release of
substances that are toxic to trees and plants, such as aluminum, into the soil. This combination of loss of soil
nutrients and increase of toxic aluminum may be one way that acid rain harms trees. Such substances also wash
away in the runoff and are carried into streams, rivers, and lakes. More of these substances are released from the
soil when the rainfall is more acidic. However, trees can be damaged by acid rain even if the soil is well
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buffered. Forests in high mountain regions often are exposed to greater amounts of acid than other forests
because they tend to be surrounded by acidic clouds and fog that are more acidic than rainfall. When leaves are
frequently bathed in this acid fog, essential nutrients in their leaves and needles are stripped away. This loss of
nutrients in their foliage makes trees more susceptible to damage by other environmental factors, particularly
cold winter weather (Fig. 8.2.) (Pict. 8.1.).

Fig. 8.2. Process of the acid rain (www.enfo.agt.bme.hu)
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Pict. 8.1. Decay of forests caused by acid rain in the Sudetes
Other plants can also be damaged by acid rain, but the effect on food crops is minimized by the application of
lime and fertilizers to replace lost nutrients. In cultivated areas, limestone may also be added to increase the
ability of the soil to keep the pH stable, but this tactic is largely unusable in the case of wilderness lands. When
calcium is leached from the needles of red spruce, these trees become less cold tolerant and exhibit winter injury
and even death (Fig. 8.3.).

Fig. 8.3. Map of the sensitivity of soils to the acidification
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8.2.2. 8.2.2. Traffic pollution
The environmental impact of traffic (both positive and negative) include the local effects of highways (public
roads) such as on noise, water pollution, habitat destruction/disturbance and local air quality; and the wider
effects which may include climate change from vehicle emissions. The design, construction and management of
roads, parking and other related facilities as well as the design and regulation of vehicles can change the impacts
to varying degrees.
Although road vehicles, which mainly originate from industrialised countries, give off similar emissions when
new, as required in the country of origin, they are generally maintained less well due to lack of supervision by
the authorities and poor economic conditions. This means that the individual vehicle pollutes the environment
more heavily for the same mileage, especially as regards the sharp rise in emissions from a poorly maintained
engine (e.g. unburnt fuel, noise etc.) and leakage of water-polluting liquids (oil, fuel etc.). Poor quality fuels
likewise produce higher levels of pollutants, and unleaded petrol is unobtainable in many countries.
a, Air pollutants are not only harmful to human beings, they can also present a hazard to animals, the soil,
vegetation and the climate. Remote effects (i.e. remote both in time and in space) must be considered; one must
also remember that combinations of air pollutants may be more harmful than the individual contaminants
(synergetic effects). The principal air pollutants emitted by vehicular traffic are as follows:
- Carbon monoxide is not harmful to bloodless animals and plants, but sustained concentrations, even if small,
can have an impact on both humans and other vertebrates. Compounds formed with the haemoglobin in the
blood restrict the oxygen supply to the tissues, and in this way can cause disorders of the central nervous system.
- Certain hydrocarbons, resulting from incomplete fuel combustion (such as benzol), are carcinogenic among
humans.
- Nitrogen oxides are irritants to human beings, and can damage the organs of respiration. In areas of high
population density, nitrogen oxides contribute to smog formation. Plants are not directly damaged by nitrogen
oxides at concentrations below 200 g/m3 air.
- Under ultraviolet radiation, ozone is produced from nitrogen oxides and hydrocarbons. High ozone
concentrations may cause smog and afflict the respiratory tract and circulation in humans. Moreover, ozone can
cause serious damage to woodland and also, if present in sufficiently high concentrations, to crops such as
vegetables and tobacco plants. Ethylene can have an unfavourable effect on the growth and ageing of plants.
The numerous chemical interactions involved have not yet been fully explained.
- Lead and other heavy metals, which are deposited in the bones, are poisonous to humans and can cause
disorders of the central nervous system. Lead aerosols are dispersed mainly over an area up to 30 to 50 metres
from the roadway, while traces can be carried as far as 100 to 200 metres, depending on wind conditions. Plants
absorb lead from the air by surface contact (dust deposits), or from the soil through their roots. As well as
growth damage to the plant itself, follow-on effects through absorption into the food chain should also be noted
(e.g. milk produced from pastures near busy roads).
- Soot burdens are mainly due to the high proportion of diesel engines, particularly among heavy goods vehicles.
Soot emissions are substantially aggravated by inadequate vehicle maintenance. The danger posed by soot arises
principally from the deposition of toxic combustion residues (Fig. 8.4.).
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Fig. 8.4. Polluter-emission of traffic in Hungary (1999 = 100%) (www.kti.hu)
Carbon dioxide, which is released by the combustion of fossil fuels, is not a directly harmful gas, but it does
increase the CO2 concentration in the earth's atmosphere. The solar radiation reflected on the surface of the earth
is accordingly absorbed by the air, causing the air to heat up (the "greenhouse effect"). Unlike the other air
pollutants, emission of the carbon dioxide responsible for the "greenhouse effect" cannot be reduced by catalytic
converters.
Though developing countries' contribution to the "greenhouse effect" is still small by comparison with the
industrialised nations, a comparison by the Worldwatch Institute of the levels of motorisation of Western
industrialised nations and developing countries for 1986 shows the consequences of a sharp increase in motor
vehicle use, even if the level of motorisation of the industrial nations were not to be reached. The overall effects
on the climate (and on oil consumption) would be intolerable. This means not only that industrialised countries'
traffic conditions cannot simply be imported, but also that the industrialised nations must restrict private vehicle
use, if developing countries are to be allowed any scope for increasing general living standards, without
jeopardising climatic conditions and the supply of oil on a global scale (Fig. 8.5.).
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Fig. 8.5. Energy-using and CO2-emission of the traffic types (www.kti.hu)
The following causes of air pollutant emissions are of particular importance:
- inadequately maintained and elderly vehicles with increased pollutant output (carburettors, ignition, fuel
injection systems, exhaust systems)
- deficient technical inspection and supervision of both fuel production and vehicles (emission tests)
- low quality fuels (unfavourable combustion processes)
The intensity of air pollutionin a given area depends on:
- the volume of traffic,
- the ratio of internal combustion to diesel engines,
- driving habits (speed and gear selection as well as acceleration and braking behaviour),
- the condition of the engines,
- the quality of the fuel used,
- climatic and topographical conditions (air renewal).
b, Urban runoff from roads and other impervious surfaces is a major source of water pollution too. Rainwater
and snowmelt running off of roads tends to pick up gasoline, motor oil, heavy metals, trash and other pollutants.
Road runoff is a major source of nickel, copper, zinc, cadmium, lead and polycyclic aromatic hydrocarbons
(PAHs), which are created as combustion byproducts of gasoline and other fossil fuels.
Road salts (primarily chlorides of sodium, calcium or magnesium) can be toxic to sensitive plants and animals.
Sand can alter stream bed environments, causing stress for the plants and animals that live there.
c, Finally, roads can act as barriers or filters to animal movement and lead to habitat fragmentation. Many
species will not cross the open space created by a road due to the threat of predation and roads also cause
increased animal mortality from traffic. This barrier effect can prevent species from migrating and recolonising
areas where the species has gone locally extinct as well as restricting access to seasonally available or widely
scattered resources.
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Habitat fragmentation may also divide large continuous populations into smaller more isolated populations.
These smaller populations are more vulnerable to genetic drift, inbreeding depression and an increased risk of
population decline and extinction.

8.3. 8.3. Nuclear energy
Nuclear power stations use nuclear fission to generate energy by the reaction of U 235 inside a nuclear reactor.
The reactor uses uranium rods, the atoms of which are split in the process of fission, releasing a large amount of
energy. The process continues as a chain reaction with other nuclei. The energy heats water to create steam,
which spins a turbine generator, producing electricity.
Stated estimates for fission fuel supply at known usage rates vary vastly, from several decades to billions of
years; among other differences between the former and the latter estimates, some assume usage only of the
currently popular U235, and others assume the factor of a hundred fuel efficiency increase which would come
from utilizing U238 through breeder reactors. At the present rate of use, there are about 70 years left of presently
inventoried U235 reserves. The nuclear industry argues that the cost of fuel is a minor cost factor for fission
power; if needed, more expensive, more difficult to extract sources of uranium could be used in the future, such
as lower-grade ores, and, if prices increased enough, from sources such as granite and seawater. Increasing the
price of uranium would have little effect on the overall cost of nuclear power; a doubling in the cost of natural
uranium would increase the total cost of nuclear power with typical present reactors by 5 percent. On the other
hand, if the price of natural gas was doubled, the cost of gas-fired power would increase by about 60 percent.
Opponents on the other hand argue that the correlation between price and production is not linear, but as the
ores' concentration becomes smaller, the difficulty (energy and resource consumption are increasing, while the
yields are decreasing) of extraction rises very fast, and that the assertion that a higher price will yield more
uranium is overly optimistic. As many as eleven countries have depleted their uranium resources, and only
Canada has mines left that produce better than 1% concentration ore. Some state uranium from seawater is
dubious as a source.
Nuclear meltdowns and other reactor accidents, such as the Fukushima I nuclear accident (2011), Three Mile
Island accident (1979) and the Chernobyl disaster (1986), have caused much public concern. Research is being
done to lessen the known problems of current reactor technology by developing automated and passively safe
reactors.
The long-term radioactive waste storage problems of nuclear power have not been solved. Several countries
have considered using underground repositories. Nuclear waste takes up little space compared to wastes from
the chemical industry which remain toxic indefinitely. Spent fuel rods are now stored in concrete casks close to
the nuclear reactors. The amounts of waste could be reduced in several ways. Both nuclear reprocessing and
breeder reactors could reduce the amounts of waste. Subcritical reactors or fusion reactors could greatly reduce
the time the waste has to be stored. Subcritical reactors may also be able to do the same to already existing
waste. The only long-term way of dealing with waste today is by geological storage.
At present, nuclear energy is in decline, according to a 2007 World Nuclear Industry Status Report presented by
the Greens/EFA group in the European Parliament. The report outlines that the proportion of nuclear energy in
power production has decreased in 21 out of 31 countries, with five fewer functioning nuclear reactors than five
years ago. There are currently 32 nuclear power plants under construction or in the pipeline, 20 fewer than at the
end of the 1990s.

8.4. 8.4. Hydropower
Hydropower or water power is power derived from the energy of falling water and running water, which may be
harnessed for useful purposes. Since the early 20th century, the term is used almost exclusively in conjunction
with the modern development of hydro-electric power, which allowed use of distant energy sources. Another
method used to transmit energy used a trompe, which produces compressed air from falling water. Compressed
air could then be piped to power other machinery at a distance from the waterfall. Hydro power is a renewable
energy source.
Water's power is manifested in hydrology, by the forces of water on the riverbed and banks of a river. When a
river is in flood, it is at its most powerful, and moves the greatest amount of sediment. This higher force results
in the removal of sediment and other material from the riverbed and banks of the river, locally causing erosion,
transport and, with lower flow, sedimentation downstream.
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Some hydropower systems such as water wheels can draw power from the flow of a body of water without
necessarily changing its height. In this case, the available power is the kinetic energy of the flowing water.
Over-shot water wheels can efficiently capture both types of energy.
The water flow in a stream can vary widely from season to season. Development of a hydropower site requires
analysis of flow records, sometimes spanning decades, to assess the reliable annual energy supply. Dams and
reservoirs provide a more dependable source of power by smoothing seasonal changes in water flow. However
reservoirs have significant environmental impact, as does alteration of naturally occurring stream flow. The
design of dams must also account for the worst-case, "probable maximum flood" that can be expected at the site;
a spillway is often included to bypass flood flows around the dam. A computer model of the hydraulic basin and
rainfall and snowfall records are used to predict the maximum flood (Picts. 8.2., 8.3.).
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Pict. 8.2. View of the Lake Nasser

Pict. 8.3. Death village at the Lake Nasser

Hydroelectricity is the term referring to electricity generated by hydropower; the production of electrical power
through the use of the gravitational force of falling or flowing water. It is the most widely used form of
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renewable energy, accounting for 16 percent of global electricity generation – 3,427 terawatt-hours of electricity
production in 2010, and is expected to increase about 3.1% each year for the next 25 years.
Hydropower is produced in 150 countries, with the Asia-Pacific region generating 32 percent of global
hydropower in 2010. China is the largest hydroelectricity producer, with 721 terawatt-hours of production in
2010, representing around 17 percent of domestic electricity use.
Hydro is also a flexible source of electricity since plants can be ramped up and down very quickly to adapt to
changing energy demands. However, damming interrupts the flow of rivers and can harm local ecosystems, and
building large dams and reservoirs often involves displacing people and wildlife. Once a hydroelectric complex
is constructed, the project produces no direct waste, and has a considerably lower output level of the greenhouse
gas carbon dioxide (CO2) than fossil fuel powered energy plants.
Conventional (dams) - Most hydroelectric power comes from the potential energy of dammed water driving a
water turbine and generator. The power extracted from the water depends on the volume and on the difference in
height between the source and the water's outflow. This height difference is called the head. The amount of
potential energy in water is proportional to the head. A large pipe (the "penstock") delivers water to the turbine.
Pumped-storage - This method produces electricity to supply high peak demands by moving water between
reservoirs at different elevations. At times of low electrical demand, excess generation capacity is used to pump
water into the higher reservoir. When there is higher demand, water is released back into the lower reservoir
through a turbine. Pumped-storage schemes currently provide the most commercially important means of largescale grid energy storage and improve the daily capacity factor of the generation system. Pumped storage is not
an energy source, and appears as a negative number in listings.
Run-of-the-river - Run-of-the-river hydroelectric stations are those with small or no reservoir capacity, so that
the water coming from upstream must be used for generation at that moment, or must be allowed to bypass the
dam. In the United States, run of the river hydropower could potentially provide 60,000 MW (about 13.7% of
total use in 2011 if continuously available).
Tide - A tidal power plant makes use of the daily rise and fall of ocean water due to tides; such sources are
highly predictable, and if conditions permit construction of reservoirs, can also be dispatchable to generate
power during high demand periods. Less common types of hydro schemes use water's kinetic energy or
undammed sources such as undershot waterwheels. Tidal power is viable in a relatively small number of
locations around the world. In Great Britain, there are eight sites that could be developed, but they have the
potential to generate 20% of the electricity used in 2012.
Underground - An underground power stationmakes use of a large natural height difference between two
waterways, such as a waterfall or mountain lake. An underground tunnel is constructed to take water from the
high reservoir to the generating hall built in an underground cavern near the lowest point of the water tunnel and
a horizontal tailrace taking water away to the lower outlet waterway.

8.5. 8.5. Renewable energy
Renewableenergy is energy that comes from resources which are continually replenished such as sunlight, wind,
rain, tides, waves and geothermal heat. About 16% of global final energy consumption comes from renewable
resources, with 10% of all energy from traditional biomass, mainly used for heating, and 3.4% from
hydroelectricity. New renewables (small hydro, modern biomass, wind, solar, geothermal, and biofuels)
accounted for another 3% and are growing very rapidly. The share of renewables in electricity generation is
around 19%, with 16% of electricity coming from hydroelectricity and 3% from new renewables.
Climate change concerns, coupled with high oil prices, peak oil, and increasing government support, are driving
increasing renewable energy legislation, incentives and commercialization. New government spending,
regulation and policies helped the industry weather the global financial crisis better than many other sectors.
According to a 2011 projection by the International Energy Agency, solar power generators may produce most
of the world‘s electricity within 50 years, dramatically reducing the emissions of greenhouse gases that harm the
environment.

8.5.1. 8.5.1. Solar energy
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Solar energy applies energy from the sun in the form of solar radiation for heat or to generate electricity. Solar
powered electricity generation uses either photovoltaics or heat engines (concentrated solar power). A partial list
of other solar applications includes space heating and cooling through solar architecture, daylighting, solar hot
water, solar cooking, and high temperature process heat for industrial purposes.
Solar technologies are broadly characterized as either passive solar or active solar depending on the way they
capture, convert and distribute solar energy. Active solar techniques include the use of photovoltaic panels and
solar thermal collectors to harness the energy. Passive solar techniques include orienting a building to the Sun,
selecting materials with favorable thermal mass or light dispersing properties, and designing spaces that
naturally circulate air (Picts. 8.4., 8.5.).
Pict. 8.4. Soil-furnace

Pict. 8.5. Solar batteries on a house

8.5.2. 8.5.2. Wind power
Airflows can be used to run wind turbines. Modern utility-scale wind turbines range from around 600 kW to 5
MW of rated power, although turbines with rated output of 1.5–3 MW have become the most common for
commercial use; the power available from the wind is a function of the cube of the wind speed, so as wind speed
increases, power output increases dramatically up to the maximum output for the particular turbine. Areas where
winds are stronger and more constant, such as offshore and high altitude sites, are preferred locations for wind
farms. Typical capacity factors are 20-40%, with values at the upper end of the range in particularly favourable
sites.
Globally, the long-term technical potential of wind energy is believed to be five times total current global
energy production, or 40 times current electricity demand. This could require wind turbines to be installed over
large areas, particularly in areas of higher wind resources. Offshore resources experience average wind speeds
of ~90% greater than that of land, so offshore resources could contribute substantially more energy (Picts. 8.6.,
8.7.).
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Pict. 8.6. Wind turbines at the Little Plain
(www.wwf.hu)

Pict. 8.7. Wind turbines in the way of birds

8.5.3. 8.5.3. Biomass
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Biomass (plant material) is a renewable energy source because the energy it contains comes from the sun.
Through the process of photosynthesis, plants capture the sun's energy. When the plants are +burnt, they release
the sun's energy they contain. In this way, biomass functions as a sort of natural battery for storing solar energy.
As long as biomass is produced sustainably, with only as much used as is grown, the battery will last
indefinitely. In general there are two main approaches to using plants for energy production: growing plants
specifically for energy use (known as first and third-generation biomass), and using the residues (known as
second-generation biomass) from plants that are used for other things. See biobased economy. The best
approaches vary from region to region according to climate, soils and geography.

8.5.4. 8.5.4. Geothermal energy
Geothermal energy is from thermal energy generated and stored in the Earth. Thermal energy is the energy that
determines the temperature of matter. Earth's geothermal energy originates from the original formation of the
planet (20%) and from radioactive decay of minerals (80%). The geothermal gradient, which is the difference in
temperature between the core of the planet and its surface, drives a continuous conduction of thermal energy in
the form of heat from the core to the surface. The adjective geothermal originates from the Greek roots geo,
meaning earth, and thermos, meaning heat.
The heat that is used for geothermal energy can be from deep within the Earth, all the way down to Earth‘s core
– 4,000 miles (6,400 km) down. At the core, temperatures may reach over 5,000 °C. Heat conducts from the
core to surrounding rock. Extremely high temperature and pressure cause some rock to melt, which is
commonly known as magma. Magma convects upward since it is lighter than the solid rock. This magma then
heats rock and water in the crust, sometimes up to 371 °C. From hot springs, geothermal energy has been used
for bathing since Paleolithic times and for space heating since ancient Roman times, but it is now better known
for electricity generation (Fig. 8.6.).
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Fig. 8.6. Model of the utilization of geothermal energy

8.5.5. 8.5.5. Hydrogen
Hydrogen is the simplest element. An atom of hydrogen consists of only one proton and one electron. It's also
the most plentiful element in the universe. Hydrogen is high in energy, yet an engine that burns pure hydrogen
produces almost no pollution. NASA has used liquid hydrogen since the 1970s to propel the space shuttle and
other rockets into orbit. Hydrogen fuel cells power the shuttle's electrical systems, producing a clean byproduct pure water, which the crew drinks.
A fuel cell combines hydrogen and oxygen to produce electricity, heat, and water. Fuel cells are often compared
to batteries. Both convert the energy produced by a chemical reaction into usable electric power. However, the
fuel cell will produce electricity as long as fuel (hydrogen) is supplied, never losing its charge. Fuel cells are a
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promising technology for use as a source of heat and electricity for buildings, and as an electrical power source
for electric motors propelling vehicles. Fuel cells operate best on pure hydrogen. But fuels like natural gas,
methanol, or even gasoline can be reformed to produce the hydrogen required for fuel cells. Some fuel cells
even can be fueled directly with methanol, without using a reformer.
In the future, hydrogen could also join electricity as an important energy carrier. An energy carrier moves and
delivers energy in a usable form to consumers. Renewable energy sources, like the sun and wind, can't produce
energy all the time. But they could, for example, produce electric energy and hydrogen, which can be stored
until it's needed. Hydrogen can also be transported (like electricity) to locations where it is needed.

8.6. Presentation
For more information on this chapter see the presentation below
Presentation

8.7. Self-checking tests
1 Describe the actual problems of energy production and consumption! 2 Describe the methods of conventional
energy production! 3 Describe the methods and of alternative energy production!

9. 9. Environmental effects of industry
The industrialization of society, the introduction of motorized vehicles, and the explosion of the human
population, however, have caused an exponential growth in the production of goods and services. Coupled with
this growth has been a tremendous increase in waste by-products. The indiscriminate discharge of untreated
industrial and domestic wastes into waterways, the spewing of thousands of tons of particulates and airborne
gases into the atmosphere, the "throwaway" attitude toward solid wastes, and the use of newly developed
chemicals without considering potential consequences have resulted in major environmental disasters, including
the formation of smog and large areal pollution.
Pollutants may cause primary damage, with direct identifiable impact on the environment, or secondary damage
in the form of minor perturbations in the delicate balance of the biological food web that are detectable only
over long time periods.
Technology has begun to solve some pollution problems (see pollution control), and public awareness of the
extent of pollution will eventually force governments to undertake more effective environmental planning and
adopt more effective antipollution measures.

9.1. 9.1. Air pollution
Air is mainly composed of nitrogen, oxygen, and argon, which together constitute the major gases of the
atmosphere. Water vapour accounts for roughly 0.25% of the atmosphere by mass. The concentration of water
vapour (a greenhouse gas) varies significantly from around 10 ppmv in the coldest portions of the atmosphere to
as much as 5% ppmv in hot, humid air masses, and concentrations are typically provided for dry air without any
water vapour. The remaining gases are often referred to as trace gases, among which are the greenhouse gases
such as carbon dioxide, methane, nitrous oxide, and ozone. Filtered air includes trace amounts of many other
chemical compounds. Many substances of natural origin may be present in small amounts as aerosol in an
unfiltered air sample, including dust of mineral and organic composition, pollen and spores, sea spray, and
volcanic ash.

Types

Components

Volumetric% ppm

Reserve time

Persistent

Nitrogene (N2)

78,084

106 years

Oxygene (O2)

20,947

5•103 years

Argon (Ar)

0,934

∞
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Alternate

Hardly alternate

Neon (Ne)

18,18

∞

Helium (He)

5,24

∞

Kripton (Kr)

1,14

∞

Xenon (Xe)

0,087

∞

Carbon dioxide (CO2)

380

15 years

Metan (CH4)

1,774

4 years

Hydrogen (H2)

0,5

6,5 years

Dinitrogene-oxide (N2O)

0,32

8 years

Ózone (O3)

0,04

≈ 2 years

Carbon monoxide (CO)

0-0,05

≈ 0,3 years (100 days)

Water (H2O)

0-4

10-14 days

Nitrogene dioxide (NO2)

0-0,003

≈ 6 days

Ammonia (NH3)

0-0,02

≈ 7 days

Sulphur-dioxide (SO2)

0-0,002

≈ 4 days

Sulphur-hydrogene (H2S)

0-0,003

Table 9.1. Composition of the air
Various industrial pollutants also may be present as gases or aerosol, such as chlorine (elemental or in
compounds), fluorine compounds and elemental mercury vapour. Sulphur compounds such as hydrogen
sulphide and sulphur dioxide [SO2] may be derived from natural sources or from industrial air pollution (Fig.
9.1.).
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Fig. 9.1. Proces of air pollution (Szabó – Angyal 2012)
Air pollution is the accumulation of chemicals, particulates, or biological materials that cause discomfort,
disease, or death to humans, damage other living organisms such as food crops, or damage the natural
environment or built environment. Among the major sources of pollution are power and heat generation, the
burning of solid wastes, industrial processes, and, especially, transportation. The six major types of pollutants
are sulfur dioxide, nitrogen oxides, ammonia, carbon monoxide, particulates, VOC, leaden and ozone (Picts.
9.1., 9.2.).
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Pict. 9.1. Air pollution of industry
(www.dunaharasztima.hu)

(www.enfo.agt.bme.hu)

Pict. 9.2. Air pollution of traffic

The atmosphere is a complex dynamic natural gaseous system that is essential to support life on planet Earth.
Stratospheric ozone depletion due to air pollution has long been recognized as a threat to human health as well
as to the Earth's ecosystems.
Major pollutants produced by human activity are the following (Fig. 9.2.):
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Fig. 9.2. Cycle of the major air pollutants (after Moser 1997)
Sulphur oxides (SOx) - especially sulphur dioxide, a chemical compound with the formula SO 2. SO2 is produced
by volcanoes and in various industrial processes. Since coal and petroleum often contain sulphur compounds,
their combustion generates sulfur dioxide. Further oxidation of SO 2, usually in the presence of a catalyst such as
NO2, forms H2SO4, and thus acid rain. This is one of the causes for concern over the environmental impact of the
use of these fuels as power sources (Pict. 9.3.).
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Pict. 9.3. Decay of forests caused by acid rain in the Sudetes
Nitrogen oxides (NOx) - especially nitrogen dioxide are emitted from high temperature combustion, and are also
produced naturally during thunderstorms by electric discharge. Can be seen as the brown haze dome above or
plume downwind of cities. Nitrogen dioxide is the chemical compound with the formula NO2. It is one of the
several nitrogen oxides. This reddish-brown toxic gas has a characteristic sharp, biting odor. NO 2 is one of the
most prominent air pollutants (Fig. 9.3.).
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Fig. 9.3. Process of the acid rain (www.enfo.agt.bme.hu)
Ammonia (NH3) - emitted from agricultural processes. Ammonia is a compound with the formula NH 3. It is
normally encountered as a gas with a characteristic pungent odor. Ammonia contributes significantly to the
nutritional needs of terrestrial organisms by serving as a precursor to foodstuffs and fertilizers. Ammonia, either
directly or indirectly, is also a building block for the synthesis of many pharmaceuticals. Although in wide use,
ammonia is both caustic and hazardous.
Carbon monoxide (CO) - is a colourless, odorless, non-irritating but very poisonous gas. It is a product by
incomplete combustion of fuel such as natural gas, coal or wood. Vehicular exhaust is a major source of carbon
monoxide.
Particulates - alternatively referred to as particulate matter (PM), atmospheric particulate matter, or fine
particles, are tiny particles of solid or liquid suspended in a gas. In contrast, aerosol refers to particles and the
gas together. Sources of particulates can be man made or natural. Some particulates occur naturally, originating
from volcanoes, dust storms, forest and grassland fires, living vegetation, and sea spray. Human activities, such
as the burning of fossil fuels in vehicles, power plants and various industrial processes also generate significant
amounts of aerosols. Averaged over the globe, anthropogenic aerosols—those made by human activities—
currently account for about 10 percent of the total amount of aerosols in our atmosphere. Increased levels of fine
particles in the air are linked to health hazards such as heart disease, altered lung function and lung cancer (Pict.
9.4.).
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Pict. 9.4. Summer smog at Budapest (forrás: www.criticalmass.hu)
Volatile organic compounds - VOCs are an important outdoor air pollutant. In this field they are often divided
into the separate categories of methane (CH4) and non-methane (NMVOCs). Methane is an extremely efficient
greenhouse gas which contributes to enhanced global warming. Other hydrocarbon VOCs are also significant
greenhouse gases via their role in creating ozone and in prolonging the life of methane in the atmosphere,
although the effect varies depending on local air quality. Within the NMVOCs, the aromatic compounds
benzene, toluene and xylene are suspected carcinogens and may lead to leukemia through prolonged exposure.
1,3-butadiene is another dangerous compound which is often associated with industrial uses.
Toxic metals - such as lead and quick silver, especially their compounds.
Ground level ozone (O3) formed from NOx and VOCs. Ozone (O3) is a key constituent of the troposphere. It is
also an important constituent of certain regions of the stratosphere commonly known as the Ozone layer.
Photochemical and chemical reactions involving it drive many of the chemical processes that occur in the
atmosphere by day and by night. At abnormally high concentrations brought about by human activities (largely
the combustion of fossil fuel), it is a pollutant, and a constituent of smog.

9.2. 9.2. Acid deposition
Acid deposition is not merely characterized as acid rain; it can also be snow and fog or gas and dust. Acid
deposition mainly forms during fossil fuel combustion. When emissions of sulphur dioxide and nitrogen oxides
come in contact with water, they will become sulphuric acid and nitric acid.
When acidifying agents, such as sulphur dioxide, nitrogen oxides and ammonia, end up in plants, surface water
and soils, this has a number of consequences:
- Availability of nutrients and metal spores is likely to decrease.
- When acidity is high more metals will dissolve in water. This can cause surface water to become polluted,
which has serious health effects on aquatic plants and animals. For example, high aluminium (Al)
concentrations can complicate nutrients uptake by plants. This makes aluminium one of the prior causes of
forest decay. Mercury can be dispersed by transport through surface water, causing it to accumulate in fish.
Mercury can bio magnify up the food chain, to be taken up by humans eventually.
- Buildings and monuments may be damaged through erosion. Sulphur dioxide breaks down limestone by
reacting with calcium carbonate, causing limestone to absorb water during rainfall. Limestone will than
fragment (Fig. 9.4.).
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Fig. 9.4. Effects of acid rain to the plants (after Moser 1997)

9.3. 9.3. Greenhouse Effect
The "Greenhouse Effect" is a term that refers to a physical property of the Earth's atmosphere. If the Earth had
no atmosphere, its average surface temperature would be very low of about -18°C rather than the comfortable
15°C found today. The difference in temperature is due to a suite of gases called greenhouse gases which affect
the overall energy balance of the Earth's system by absorbing infra-red radiation. In its existing state, the Earthatmosphere system balances absorption of solar radiation by emission of infrared radiation to space (Fig. 9.5.).
Greenhouse gases comprise less than 1% of the atmosphere. Their levels are determined by a balance between
"sources" and "sinks". Sources and sinks are processes that generate and destroy greenhouse gases respectively.
Human affect greenhouse gas levels by introducing new sources or by interfering with natural sinks.
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Fig. 9.5. Process of greenhouse effect
The major greenhouse gases in the atmosphere are carbon dioxide (CO 2), methane, (CH4), nitrous oxide (N2O),
chlorofluorocarbons (CFCs) and ozone (O3). Atmospheric water vapour (H2O) also makes a large contribution to
the natural greenhouse effect but it is thought that its presence is not directly affected by human activity.
Due to greenhouse gases, the atmosphere absorbs more infrared energy than it re-radiates to space, resulting in a
net warming of the Earth-atmosphere system and of surface temperature. This is the "Natural Greenhouse
Effect". With more greenhouse gases released to the atmosphere due to human activity, more infrared radiation
will be trapped in the Earth's surface which contributes to the "Enhanced Greenhouse Effect". Since the mid
1800's the average concentration of CO2 in the earth's atmosphere has risen from about 280 parts per million
(ppm) to just over 383 ppm in 2007, and methane from about 800 part per billion (ppb) to around 1790 ppb in
2008. While these changes represent only a very small change to the overall composition of the earth's
atmosphere, it is a significant change to its capacity to absorb and emit heat. The main contributors are changes
to the carbon cycle that have led to increased levels of carbon dioxide in the earth's atmosphere in the last 200
years. These include reduced CO2 removal and storage through deforestation; direct CO2 production from the
burning of fossil fuels and CO2 released from cement production. The increased release of nitrogen oxides
(NOx) from burning fossil fuels and soil denitrification and intensive production of livestock such as cows and
pigs which produce methane have also contributed to the enhanced greenhouse effect. The differing chemical
structures of these gases produce a different absorption spectra or wavelengths of radiation which they will
absorb or let through. However, CO2 and other greenhouse gases can absorb the infrared radiation at the
wavelengths missed by water vapour. Note that while methane (CH4) and N2O both absorb more heat per
molecule than CO2, CO2 concentrations are much higher (100 -100 times higher respectively) and therefore have
more overall effect on the enhanced greenhouse effect. Residence time plays an important role as well as
concentration. While water vapour is by far the greatest contributor to the natural greenhouse effect, it spends so
little time in the atmosphere (days rather than centuries) that it is not well mixed and thus its effects on
temperature are short lived and very localised (Pict. 9.6.).

127
Created by XMLmind XSL-FO Converter.

Fig. 9.6. The origin and distribution of the greenhouse gases (www.mti.hu)

9.4. 9.4. Radiation pollution
Radiation pollution is any form of ionizing or nonionizing radiation that results from human activities. The most
well-known radiation results from the detonation of nuclear devices and the controlled release of energy by
nuclear-power generating plants (see nuclear energy). Other sources of radiation include spent-fuel reprocessing
plants, by-products of mining operations, and experimental research laboratories. Increased exposure to medical
X rays and to radiation emissions from microwave ovens and other household appliances, although of
considerably less magnitude, all constitute sources of environmental radiation (Fig. 9.7.).
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Fig. 9.7. Process of the nuclear fission
Public concern over the release of radiation into the environment greatly increased following the disclosure of
possible harmful effects to the public from nuclear weapons testing, the accident (1979) at the Three Mile Island
nuclear-power generating plant near Harrisburg, Pa., and the catastrophic 1986 explosion at Chernobyl, a Soviet
nuclear power plant. In the late 1980s, revelations of major pollution problems at U.S. nuclear weapons reactors
raised apprehensions even higher.
The environmental effects of exposure to high-level ionizing radiation have been extensively documented
through postwar studies on individuals who were exposed to nuclear radiation in Japan. Some forms of cancer
show up immediately, but latent maladies of radiation poisoning have been recorded from 10 to 30 years after
exposure. The effects of exposure to low-level radiation are not yet known. A major concern about this type of
exposure is the potential for genetic damage.
Radioactive nuclear wastes cannot be treated by conventional chemical methods and must be stored in heavily
shielded containers in areas remote from biological habitats. The safest of storage sites currently used are
impervious deep caves or abandoned salt mines. Most radioactive wastes, however, have half-lives of hundreds
to thousands of years, and to date no storage method has been found that is absolutely infallible (Fig. 9.8.).
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Fig. 9.8. Natural cycle of CO2 (after Moser 1997)

9.5. 9.5. Thermal pollution
Thermal pollution is the discharge of waste heat via energy dissipation into cooling water and subsequently into
nearby waterways. The major sources of thermal pollution are fossil-fuel and nuclear electric-power generating
facilities and, to a lesser degree, cooling operations associated with industrial manufacturing, such as steel
foundries, other primary-metal manufacturers, and chemical and petrochemical producers.
The discharge temperatures from electric-power plants generally range from 5 to 11 C degrees (9 to 20 F
degrees) above ambient water temperatures. An estimated 90% of all water consumption, excluding agricultural
uses, is for cooling or energy dissipation.
The discharge of heated water into a waterway often causes ecologic imbalance, sometimes resulting in major
fish kills near the discharge source. The increased temperature accelerates chemical-biological processes and
decreases the ability of the water to hold dissolved oxygen. Thermal changes affect the aquatic system by
limiting or changing the type of fish and aquatic biota able to grow or reproduce in the waters. Thus rapid and
dramatic changes in biologic communities often occur in the vicinity of heated discharges (Picts. 9.6., 9.7.).
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Pict. 9.5. Hőcsóva a Dunán (Szilágyi 2005)

Pict. 9.6. Eutrophysation (www.rdhsz.hu)

9.6. 9.6. Noise pollution
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Noise pollution has a relatively recent origin. It is a composite of sounds generated by human activities ranging
from blasting stereo systems to the roar of supersonic transport jets. Although the frequency (pitch) of noise
may be of major importance, most noise sources are measured in terms of intensity, or strength of the sound
field. The standard unit, one decibel (dB), is the amount of sound that is just audible to the average human. The
decibel scale is somewhat misleading because it is logarithmic rather than linear; for example, a noise source
measuring 70 dB is 10 times as loud as a source measuring 60 dB and 100 times as loud as a source reading 50
dB. Noise may be generally associated with industrial society, where heavy machinery, motor vehicles, and
aircraft have become everyday items. Noise pollution is more intense in the work environment than in the
general environment, although ambient noise increased an average of one dB per year during the 1980s. The
average background noise in a typical home today is between 40 and 50 decibels. Some examples of high-level
sources in the environment are heavy trucks (90 dB at 15 m/50 ft), freight trains (75 dB at 15 m/50 ft), and air
conditioning (60 dB at 6 m/20 ft).
The most readily measurable physiological effect of noise pollution is damage to hearing, which may be either
temporary or permanent and may cause disruption of normal activities or just general annoyance. The effect is
variable, depending upon individual susceptibility, duration of exposure, nature of noise (loudness), and time
distribution of exposure (such as steady or intermittent). On the average an individual will experience a
threshold shift (a shift in an individual's upper limit of sound detectability) when exposed to noise levels of 75 to
80 dB for several hours. This shift will last only several hours once the source of noise pollution is removed. A
second physiologically important level is the threshold of pain, at which even short-term exposure will cause
physical pain (130 to 140 dB). Any noise sustained at this level will cause a permanent threshold shift or
permanent partial hearing loss. At the uppermost level of noise (greater than 150 dB), even a single short-term
blast may cause traumatic hearing loss and physical damage inside the ear.
Although little hard information is available on the psychological side effects of increased noise levels, many
researchers attribute increased irritability, lower productivity, decreased tolerance levels, increased incidence of
ulcers, migraine headaches, fatigue, and allergic responses to continued exposures to high-level noises in the
workplace and the general environment.

9.7. 9.7. Light pollution
Light pollution, also known as photopollution or luminous pollution, is excessive, misdirected, or obtrusive
artificial light. Pollution is the adding-of/added light itself, in analogy to added sound, carbon dioxide, etc.
Adverse consequences are multiple; some of them may be not known yet.
Light pollution competes with starlight in the night sky for urban residents, interferes with astronomical
observatories, and, like any other form of pollution, disrupts ecosystems and has adverse health effects. Light
pollution can be divided into two main types:
• Unpleasant light that intrudes on an otherwise natural or low-light setting
• Excessive light (generally indoors) that leads to discomfort and adverse health effects
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Light pollution is a side effect of industrial civilization. Its sources include building exterior and interior
lighting, advertising, commercial properties, offices, factories, streetlights, and illuminated sporting venues. It is
most severe in highly industrialized, densely populated areas of North America, Europe, and Japan and in major
cities in the Middle East and North Africa like Tehran and Cairo, but even relatively small amounts of light can
be noticed and create problems. Since the early 1980s, a global dark-sky movement has emerged, with
concerned people campaigning to reduce the amount of light pollution. The International Dark-Sky Association
(IDA) is one non-profit advocacy group involved in this movement (Fig. 9.9.) (Pict. 9.7.).

Fig. 9.9. Centrums of ligth pollution in Europe

Pict. 9.7. Ligth pollution in Budapest

( www.okotudat.hu )

(forrás: www.tudomanyunnep.hu)
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9.8. Presentation
For more information on this chapter see the presentation below
Presentation

9.9. Self-checking tests
1 Describe the effects of industrial air pollution! 2 What other sources of industrial pollution exist?

10. 10. Environmental effects of agriculture
The agriculture id the oldest activity in the history of mankind. It meant the beginning of the transforlation the
original, natural environment.
During the last centuries agriculture went through a very rapid, intensive change. As the result of the
development of implements and technologies people managed to enlarge the cultivated areas. The gradual
formation of monocultural farming induced irreversibile changes regarding the quality of the soil and the ground
water.

10.1. 10.1. Environmental effects of modern agriculture
1) Conventional agriculture.Reduction and, especially, elimination of agrochemical require major changes in
management to assure adequate plant nutrients and to control crop pests. As it was done a few decades ago,
alternative sources of nutrients to maintain soil fertility include manures, sewage sludge and other organic
wastes, and legumes in cropping sequences. Rotation benefits are due to biologically fixed nitrogen and from
the interruption of weed, disease and insect cycles. A livestock enterprise may be integrated with grain cropping
to provide animal manures and to utilize better the forages produced. Maximum benefits of pasture integration
can be realized when livestock, crops, animals and other farm resources are assembled in mixed and rotational
designs to optimize production efficiency, nutrient cycling and crop protection.
In orchards and vineyards, the use of cover crops improve soil fertility, soil structure and water penetration,
prevent soil erosion, modify the microclimate and reduce weed competition. Entomological studies conducted in
orchards with ground cover vegetation indicate that these systems exhibit lower incidence of insect pests than
clean cultivated orchards. This is due to a higher abundance and efficiency of predators and parasitoids
enhanced by the rich floral undergrowth (Pict. 10.1.).
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Pict. 10.1. Organic fertilizer
Increasingly, researchers are showing that it is possible to provide a balanced environment, sustained yields,
biologically mediated soil fertility and natural pest regulation through the design of diversified agroecosystems
and the use of low-input technologies. Many alternative cropping systems have been tested, such as double
cropping, strip cropping, cover cropping and intercropping, and more importantly concrete examples from real
farmers show that such systems lead to optimal recycling of nutrients and organic matter turnover, closed energy
flows, water and soil conservation and balanced pest-natural enemy populations. Such diversified farming
exploit the complementarities that result from the various combinations of crops, trees and animals in spatial and
temporal arrangements.
In essence, the optimal behavior of agroecosystems depends on the level of interactions between the various
biotic and abiotic components. By assembling a functional biodiversity it is possible to initiate synergisms
which subsidize agroecosystem processes by providing ecological services such as the activation of soil biology,
the recycling of nutrients, the enhancement of beneficial arthropods and antagonists, and so on. Today there is a
diverse selection of practices and technologies available, and which vary in effectiveness as well as in strategic
value (Fig. 10.1.).
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Fig. 10.1. Processes of conventional agriculture (Kerényi 2003)
2) Modern agriculture. The specialization of production units has led to the image that agriculture is a modern
miracle of food production. Evidence indicates, however, that excessive reliance on monoculture farming and
agroindustrial inputs, such as capital-intensive technology, pesticides, and chemical fertilizers, has negatively
impacted the environment and rural society. Most agriculturalists had assumed that the agroecosystem/natural
ecosystem dichotomy need not lead to undesirable consequences, yet, unfortunately, a number of "ecological
diseases" have been associated with the intensification of food production. They may be grouped into two
categories: diseases of the ecotope, which include erosion, loss of soil fertility, depletion of nutrient reserves,
salinization and alkalinization, pollution of water systems, loss of fertile croplands to urban development, and
diseases of the biocoenosis, which include loss of crop, wild plant, and animal genetic resources, elimination of
natural enemies, pest resurgence and genetic resistance to pesticides, chemical contamination, and destruction of
natural control mechanisms. Under conditions of intensive management, treatment of such "diseases" requires
an increase in the external costs to the extent that, in some agricultural systems, the amount of energy invested
to produce a desired yield surpasses the energy harvested.
The loss of yields due to pests in many crops (reaching about 20-30% in most crops), despite the substantial
increase in the use of pesticides (about 500 million kg of active ingredient worldwide) is a symptom of the
environmental crisis affecting agriculture. It is well known that cultivated plants grown in genetically
homogenous monocultures do not possess the necessary ecological defense mechanisms to tolerate the impact of
outbreaking pest populations. Modern agriculturists have selected crops for high yields and high palatability,
making them more susceptible to pests by sacrificing natural resistance for productivity. On the other hand,
modern agricultural practices negatively affect pest natural enemies, which in turn do not find the necessary
environmental resources and opportunities in monocultures to effectively and biologically suppress pests. The
indirect costs of pesticide use to the environment and public health have to be balanced against these benefits.
Fertilizers, on the other hand, have been praised as being highly associated with the temporary increase in food
production observed in many countries. National average rates of nitrate applied to most arable lands fluctuate
between 120-550 kg N/ha. But the bountiful harvests created at least in part through the use of chemical
fertilizers, have associated, and often hidden, costs. A primary reason why chemical fertilizers pollute the
environment is due to wasteful application and the fact that crops use them inefficiently. The fertilizer that is not
recovered by the crop ends up in the environment, mostly in surface water or in ground water. Nitrate
contamination of aquifers is widespread and in dangerously high levels in many rural regions of the world. In
the US, it is estimated that more than 25% of the drinking water wells contain nitrate levels above the 45 parts
per million safety standard. Such nitrate levels are hazardous to human health and studies have linked nitrate
uptake to methaemoglobinemia in children and to gastric, bladder and oesophageal cancers in adults (Pict.
10.2.).
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Pict. 10.2. Syntetic fertilizer (www.balkonkertesz.hu)
Fertilizer nutrients that enter surface waters (rivers, lakes, bays, etc.) can promote eutrophication, characterized
initially by a population explosion of photosynthetic algae. Algal blooms turn the water bright green, prevent
light from penetrating beneath surface layers, and therefore killing plants living on the bottom. Such dead
vegetation serve as food for other aquatic microorganisms which soon deplete water of its oxygen, inhibiting the
decomposition of organic residues, which accumulate on the bottom. Eventually, such nutrient enrichment of
freshwater ecosystems leads to the destruction of all animal life in the water systems. In the US it is estimated
that about 50-70% of all nutrients that reach surface waters is derived from fertilizers.
Chemical fertilizers can also become air pollutants, and have recently been implicated in the destruction of the
ozone layer and in global warming. Their excessive use has also been linked to the acidification/salinization of
soils and to a higher incidence of insect pests and diseases through mediation of negative nutritional changes in
crop plants (Fig. 10.2.).

Fig. 10.2. Processes of modern agriculture (Kerényi 2003)
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10.2. 10.2. Effects of agriculture to soil (groundwater)
10.2.1. 10.2.1. Soil degradation
Environmental problems of agriculture is deeply rooted in the prevalent socioeconomic system which promotes
monocultures and the use of high input technologies and agricultural practices that lead to natural resource
degradation. Such degradation is not only an ecological process, but also a social and political-economic
process. This is why the problem of agricultural production cannot be regarded only as a technological one, but
while agreeing that productivity issues represent part of the problem, attention to social, cultural and economic
issues that account for the crisis is crucial.
Accelerated erosion is the most dangerous type of soil degradation and it needs concerted efforts through careful
planning and implementation of appropriate control measures. It has several types according to the generate
factor.
Water erosion:
1. Surface erosion. Surface erosion has two types: sheet erosion and splash erosion. Sheet erosion refers to the
uniform movement of a thin layer of soil across an expanse of land devoid of vegetative cover. Raindrops detach
soil particles, which go into solution as runoff occurs and are transported downstream to a point of deposition.
Deposition occurs when runoff slows to the point where soil particles can no longer remain in suspension. Tilled
agricultural fields and construction sites are subject to sheet erosion. Splash erosion is the first stage of the
erosion process. It occurs when raindrops hit bare soil. The explosive impact breaks up soil aggregates so that
individual soil particles are ‗splashed‘ onto the soil surface. The splashed particles can rise as high 60cm above
the ground and move up to 1.5 metres from the point of impact. The particles block the spaces between soil
aggregates, so that the soil forms a crust that reduces infiltration and increases runoff (Pict. 10.3.).
2. Rill erosion .When sheet flows begin to concentrate on the land surface, rill erosion occurs. While sheet
erosion is generally invisible, rill erosion leaves visible scouring on the landscape. This type of erosion occurs
when the duration or intensity of rain increases and runoff volumes accelerate. Rills may become stable through
soil consolidation; however, they are still the major sediment transport route for soil detached on the interrill
areas. Improved understanding of the ability of rain-impacted flows in rills to transport sediment is needed to
improve our estimates of sediment transport and delivery (Pict. 10.4.).
3. Stream channel erosion. Stream channel erosion consists of both stream bed and stream bank erosion. Stream
bed erosion occurs as flows cut into the bottom of the channel, making it deeper. This erosion process will
continue until the channel reaches a stable slope. The resulting slope is dependant on the channel materials, and
flow properties. As the stream bed erodes, and the channel deepens, the sides of the channel become unstable
and slough off; resulting in stream bank erosion. Stream bank erosion can also occur as soft materials are eroded
from the stream bank or at bends in the channel. This type of stream bank erosion results in meandering
waterways. One significant cause of both steam bed and stream bank erosion is due to the increased frequency
and duration of runoff events that are a result of urban development (Pict. 10.5.).
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Pict. 10.3. Surface erosion
erózió legelőn
(www.enfo.agt.bme.hu)

Pict. 10.4. Rill erosion

Pict. 10.5. Vízmosásos

(www.enfo.agt.bme.hu)

Wind erosion
Wind erosion occurs when strong winds blow over a smooth, exposed, loose, and dry soil surface. Depending on
conditions, the wind speeds required to initiate erosion of mineral soils vary between 25 and 50 km/hour
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measured at 30 cm above the soil surface. Soil particles between 0.1 and 0.5 mm diameter are first to move. The
wind pressure causes them to vibrate and, if their resonant frequency is achieved, they are ejected into the wind
stream. Gravity quickly brings these particles back to earth but meanwhile they have gained considerable energy
from the wind and they collide into the soil surface dislodging other particles.
The first effect is the winnowing of light particles. Wind erosion is very selective, carrying the finest particles particularly organic matter, clay and loam - many kilometres. The build-up of this alluvial matter stripped by the
wind from the periglacial steppes gave rise to the fertile loess soils that cover large areas of Europe and North
America, where highly productive farming has developed. Degradation of sedimentation crusts on the surface of
stripped soils, or the weathering of rocks at their base where they are in contact with the soil (abrasion). Sheets
of sand travelling close to the ground (30 to 50 metres) can degrade crops (particularly millet or cotton seedlings
in semi-arid zones). Lastly, wind erosion reduces the capacity of the soil to store nutrients and water, thus
making the environment drier.
There are several factors affecting the extent of wind erosion:
Aridity of climate. - Wind erosion can also take place in high-rainfall climates when certain months of the year
are particularly dry (but only if the soil is tilled with techniques that crush the surface fine). It tends to be slight
in Africa, however, except where rainfall is less than 600 mm; there are more than six months without rain;
potential evapotranspiration exceeds 2000 mm; soils have been left bare; and the vegetation shifts from
savannah to steppe, with patches of bare soil. Wind-speed also has to exceed about 20 km/in or 6 m/s over dry
soils. Wind erosion phenomena will increase proportionately in the presence of strong, regular prevailing winds
or gusts.
Soil texture. - Loamy sand, rich in particles between 10 and 100 microns in size, is the most vulnerable soil
(Bagnold 1937). More clayey soil is much stickier, better-structured, and hence more resistant. Coarse sand and
gravelly or rocky soils are also more resistant, since the particles are too heavy to be removed by wind erosion.
The optimum size for wind erosion is about 80 microns.
Soil structure. - The less structure-improving matter a soil has on the surface (organic matter, iron and free
aluminium, lime), the more fragile it will be, while the presence of sodium or salt often leads to formation of a
layer of dust on the surface, which fosters wind erosion.
State of the soil surface. - If the soil surface is stony, forming a "pavement", the risks of wind erosion are lower as, for example, in regs.
A rough surface, left by cloddy tillage or ridges perpendicular to the prevailing wind, slows down the wind at
ground level, thus reducing saltation.
Vegetation. - Stubble and crop residues in the soil cut wind-speed at ground level.
Soil moisture – It increases cohesion of sand and loam, temporarily preventing their erosion by wind (Picts.
10.7., 10.8.).

140
Created by XMLmind XSL-FO Converter.

Pict. 10.7. kép: Traces of wind erosion

Pict. 10.8. Ripplemarks on sand surface

(www.enfo.agt.bme.hu)

(www.tapioszecso.blogspot.hu)

10.2.2. Secondary salinization
Worldwide, the major factor in the development of saline soils is a lack of precipitation. Most naturally saline
soils are found in (semi)arid regions and climates of the globe.
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Salinization has a direct effect on both plant growth and the structure of the soil. If the soil is saline a plant will
have to expend energy bringing water into it's cells because it is forced to work against osmotic potential. The
cation exchange complex (CEC) effects the stability of colloid size particles in the soil. The cation's positive
charge will be attracted to the negative charge found on clay particles which make up most of the colloid
fraction. Di-valiant cations (Ca, Mg) will allow the colloidal particle to get close enough together that Van Dehr
Wahls forces will cause the clays to flocculate, or form stable aggregates. Sodic soils, whose CEC is dominated
by mono-valiant sodium cations, will tend to be dispersed and not form stable aggregates. Sodium is monovaliant and can not pull the colloid particles close enough together for the short range Van Dehr Wahls forces to
act. Sodic soils will tend to have a dark, organic appearance due to the dispersion of clay and organic particles
while saline soils will tend to have a white crusty surface due to the precipitation of salts. Both of these effects
will lead to decreased permeability and hydraulic conductivity (Pict. 10.9.).

Pict. 10.9. Secondary salinization at the Great Hungarian Plate (forrás: www.szikesviz.hu)

10.2.2. 10.2.3. Soil Acidification
Soil acidification is the buildup of hydrogen cations, also called protons, reducing the soil pH. This happens
when a proton donor is added to the soil. The donor can be an acid, such as nitric acid and sulfuric acid (these
acids are common components of acid rain). It can also be a compound such as aluminium sulfate, which reacts
in the soil to release protons. Many nitrogen compounds, which are added as fertilizer, also acidify soil over the
long term because they produce nitrous and nitric acid when oxidized in the process of nitrification.
Acidification also occurs when base cations such as calcium, magnesium, potassium and sodium are leached
from the soil. This leaching increases with increasing precipitation. Acid rain accelerates the leaching of bases.
Plants take bases from the soil as they grow, donating a proton in exchange for each base cation. Where plant
material is removed, as when a forest is logged or crops are harvested, the bases they have taken up are
permanently lost from the soil.
While soil acidification is beneficial in the case of alkaline soils, it degrades land when it lowers crop
productivity and increases soil vulnerability to contamination and erosion. Soils are often initially acid because
their parent materials were acid and initially low in the basic cations (calcium, magnesium, potassium and
sodium). Acidification occurs when these elements are removed from the soil profile by normal rainfall or the
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harvesting of forest or agricultural crops. Soil acidification is accelerated by the use of acid-forming nitrogenous
fertilizers and by the effects of acid precipitation.
Many plants produce organic acids. Where plant litter accumulates on or is incorporated to the soil, these acids
(including acetic acid, humic acid, oxalic acid, and tannic acid) are liberated. This is especially acute in soils
under coniferous trees such as pine, spruce and fir, which return fewer base cations to the soil than do most
deciduous trees.
Certain parent materials also contribute to soil acidification. Granites and their allied igneous rocks are called
"acidic" because they have a lot of free quartz, which produces silicic acid on weathering. Also, they have
relatively low amounts of calcium and magnesium. Some sedimentary rocks such as shale and coal are rich in
sulfides, which, when hydrated and oxidized, produce sulfuric acid which is much stronger than silicic acid.
Many coal spoils are too acidic to support vigorous plant growth, and coal gives off strong precursors to acid
rain when it is burned. Marine clays are also sulfide-rich in many cases, and such clays become very acidic if
they are drained to an oxidizing state.
Acidification may also occur from nitrogen emissions into the air, as the nitrogen may end up deposited into the
soil.

10.3. 10.3. Effects of agriculture to the ecosystem of soil
10.3.1. 10.3.1. Land transformation and degradation
Land transformation, the use of land to yield goods and services, is the most substantial way humans alter the
Earth's ecosystems, and is considered the driving force in the loss of biodiversity. Estimates of the amount of
land transformed by humans vary from 39–50%. Land degradation, the long-term decline in ecosystem function
and productivity, is estimated to be occurring on 24% of land worldwide, with cropland overrepresented. The
UN-FAO report cites land management as the driving factor behind degradation and reports that 1.5 billion
people rely upon the degrading land. Degradation can be deforestation, desertification, soil erosion, mineral
depletion, or chemical degradation (acidification and salinization) (Pict. 10.10.).
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Pict. 10.10. Szántással javított talajszerkezet (www.static.fotoalbum.hu)

10.3.2. 10.3.2. Eutrophication
Eutrophication, excessive nutrients in aquatic ecosystems resulting in algal blooms and anoxia, leads to fish
kills, loss of biodiversity, and renders water unfit for drinking and other industrial uses. Excessive fertilization
and manure application to cropland, as well as high livestock stocking densities cause nutrient (mainly nitrogen
and phosphorus) runoff and leaching from agricultural land. These nutrients are major nonpoint pollutants
contributing to eutrophication of aquatic ecosystems (Pict. 10.11.).

Pict. 10.11. Eutrophization of a dead channel od the Danube (www.rdhsz.hu)

10.3.3. 10.3.3. Irrigation
Irrigated lands contribute significantly to the world agriculture output and food supply. Estimates in 1986
indicated that about half of the increase in agricultural production in the previous 35 years had come from
irrigated land, about one-third of the world‘s crops were grown on the one-sixth of the cropped area which was
irrigated, and the irrigated land was, on average, more than twice as productive as rain-fed land (Picts. 10.12.).
Pict. 10.12. Motorized irrigation (www.idokep.hu)
The benefits of irrigation have resulted in lower food prices, higher employment and more rapid agricultural and
economic development. The spread of irrigation has been a key factor behind the near tripling of global grain
production since 1950. But irrigation and water resource development can also cause social and environmental
problems.
Irrigated agriculture depends on supplies from surface or ground water. The environmental impact of irrigation
systems depends on the nature of the water source, the quality of the water, and how water is delivered to the
irrigated land. Withdrawing ground-water may cause the land to subside, aquifers to become saline, or may
accelerate other types of ground-water pollution. Withdrawing surface water implies changes to the natural
hydrology of rivers and water streams, changes to water temperature, and other alterations to the natural
conditions, sometimes deeply affecting the aquatic ecosystems associated with these water bodies. The
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operation of irrigation water supply systems can affect the environmental performance of irrigated
agriculture. Systems that deliver water continuously or in a fixed schedule are less efficient and/or limit
management options available for irrigators compared to on-demand water delivery operations. The operation
and management of irrigation water delivery systems must include proper monitoring and reduction of seepage
and other water losses in the system, particularly if they are a significant component of recharge of raising water
tables. The combination of low water quality supply and raising water tables will eventually lead to
waterlogging and salinization, threatening the sustainability of existing irrigation systems. Proper attention to
the quality and amount of irrigation return flows is also important to identifying and mitigating possible impacts
on receiving waters.

10.3.4. 10.3.4. Pesticides
Pesticides are organic and inorganic chemicals originally invented and first used effectively to better the human
environment by controlling undesirable life forms such as bacteria, pests, and foraging insects. Their
effectiveness, however, has caused considerable pollution. The persistent, or hard, pesticides, which are
relatively inert and nondegradable by chemical or biologic activity, are also bioaccumulative; that is, they are
retained within the body of the consuming organism and are concentrated with each ensuing level of the
biologic food chain. Pesticide use has increased since 1950 to 2.5 million tons annually worldwide, yet crop loss
from pests has remained relatively constant. The World Health Organization estimated in 1992 that 3 million
pesticide poisonings occur annually, causing 220,000 deaths. Pesticides select for pesticide resistance in the pest
population, leading to a condition termed the 'pesticide treadmill' in which pest resistance warrants the
development of a new pesticide.
An alternative argument is that the way to 'save the environment' and prevent famine is by using pesticides and
intensive high yield farming, a view exemplified by a quote heading the Center for Global Food Issues website:
'Growing more per acre leaves more land for nature'. However, critics argue that a trade-off between the
environment and a need for food is not inevitable, and that pesticides simply replace good agronomic practices
such as crop rotation.

10.3.5. 10.3.5. Herbicides and insecticides
Herbicides are used to kill weeds, especially on pavements and railways. They are similar to auxins and most
are biodegrale by soil bacteria. However, one group derived from trinitrotoluene (2:4 D and 2:4:5 T) have the
impurity dioxin, which is very toxic and causes fatality even in low concentrations. Another herbicide is
Paraquat. It is highly toxic but it rapidly degrades in soil due to the action of bacteria and does not kill soil
fauna.
Insecticides are used to rid farms of pests which damage crops. The insects damage not only standing crops but
also stored ones and in the tropics it is reckoned that one third of the total production is lost during food storage.
As with fungicides, the first insecticides used in the nineteenth century were inorganic e.g.Paris Green and other
compounds of arsenic. Nicotine has also been used since the late eighteenth century.
There are now two main groups of synthetic insecticides:
1. Organochlorines include DDT, Aldrin, Dieldrin and BHC. They are cheap to produce, potent and persistent.
DDT was used on a massive scale from the 1930s, with a peak of 72,000 tonnes used 1970. Then usage fell as
the harmful environmental effects were realized. It was found worldwide in fish and birds and was even
discovered in the snow in the Antarctic. It is only slightly soluble in water but is very soluble in the
bloodstream. It affects the nervous and endocrine systems and causes the eggshells of birds to lack calcium
causing them to be easily breakable. It is thought to be responsible for the decline of the numbers of birds of
prey like ospreys and peregrine falcons in the 1950s - they are now recovering.

10.3.6. 10.3.6. Monocultures
Today monocultures have increased dramatically worldwide, mainly through the geographical expansion of land
devoted to single crops and year-to-year production of the same crop species on the same land. Available data
indicate that the amount of crop diversity per unit of arable land has decreased and that croplands have shown a
tendency toward concentration. There are political and economic forces influencing the trend to devote large
areas to monoculture, and in fact such systems are rewarded by economies of scale and contribute significantly
to the ability of national agricultures to serve international markets (Picts. 10.13., 10.14.).
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Pict. 10.13. Monocultural agriculture

Pict. 10.14. Crop rotation (www.petrs.network.hu)

(www.think.transindex.ro)
The technologies allowing the shift toward monoculture were mechanization, the improvement of crop varieties,
and the development of agrochemicals to fertilize crops and control weeds and pests. Government commodity
policies these past several decades encouraged the acceptance and utilization of these technologies. As a result,
farms today are fewer, larger, more specialized and more capital intensive. At the regional level, increases in
monoculture farming meant that the whole agricultural support infrastructure (i.e. research, extension, suppliers,
storage, transport, markets, etc.) has become more specialized.

10.4. Presentation
For more information on this chapter see the presentation below
Presentation

10.5. Self-checking tests
1 Explain the environmental effects of traditional farming! 2 Describe the environmental effects of factory
farming!

11. 11. Environmental effects of waste production
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Waste is an unavoidable by-product of most human activity. Economic development and rising living standards
in the Asian and Pacific Region have led to increases in the quantity and complexity of generated waste, whilst
industrial diversification and the provision of expanded health-care facilities have added substantial quantities of
industrial hazardous waste and biomedical waste into the waste stream with potentially severe environmental
and human health consequences.

11.1. 11.1. Definition
Wastes are materials that are not prime products (that is products produced for the market) for which the
generator has no further use in terms of his/her own purposes of production, transformation or consumption, and
of which he/she wants to dispose. Wastes may be generated during the extraction of raw materials, the
processing of raw materials into intermediate and final products, the consumption of final products, and other
human activities. Residuals recycled or reused at the place of generation are excluded.

11.2. 11.2. Types of wastes
A clear appreciation of the quantities and characteristics of the waste being generated is a key component in the
development of robust and cost-effective solid waste management strategies. Although amongst some of the
more developed countries within the region the quantification and characterization of waste forms the basis for
management and intervention, elsewhere little priority is given to the systematic surveying of waste arisings and
the quantities, characteristics, seasonal variations and future trends of waste generation are poorly understood.
Although there is a lack of comprehensive or consistent information, at the country level, some broad trends and
common elements are discernible. In general, the developed countries generate much higher quantities of waste
per capita compared to the developing countries of the region. However, in certain circumstances the
management of even small quantities of waste is a significant challenge.

11.2.1. 11.2.1. Classification on the base of the origin
Throughout the region, the principal sources of solid waste are residential households and the agricultural,
commercial, construction, industrial and institutional sectors. For the purposes of this review these sources are
defined as giving rise to four major categories of waste: municipal solid waste, industrial waste, agricultural
waste and hazardous waste. Each of these waste types is examined separately below.
11.2.1.1. 11.2.1.1. Municipal Solid Waste
Municipal solid waste (MSW) is generated from households, offices, hotels, shops, schools and other
institutions. The major components are food waste, paper, plastic, rags, metal and glass, although demolition
and construction debris is often included in collected waste, as are small quantities of hazardous waste, such as
electric light bulbs, batteries, automotive parts and discarded medicines and chemicals.
Generation rates for MSW vary from city to city and from season to season and have a strong correlation with
levels of economic development and activity. In countries which have a developed recycling culture, the waste
stream consists mainly of intractable wastes such as plastic film, and un-recyclable packaging. At the start of the
20th century, the majority of domestic waste (53%) in the UK consisted of coal ash from open fires. In
developed countries without significant recycling it predominantly includes food wastes, yard wastes, containers
and product packaging, and other miscellaneousness wastes from residential, commercial, institutional, and
industrial sources.
There are big differences in mounts of organic waste among cities according to the number of trees and shrubs
in public places. Large and bulky waste items such as abandoned motorcars, furniture and packaging are found
in the higherincome economies.
The amount of human faeces in the MSW is significant in squatter areas of many Asian and Pacific cities where
―wrap and throw‖ sanitation is practised or bucket latrines are emptied into waste containers. The latter is
common in many cities (such as Calcutta, Dhaka and Hanoi) of the region where sewerage systems are minimal.
Municipal waste can be classified by the origin.
Household waste is waste which is generated in the day to day operations of a household. It can include
everything from lawn clippings to burned out light bulbs. Many movements designed to get people thinking
about environmentally friendly living have focused on household waste as something which can be easily
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manipulated to make a difference in the environment. Management of household waste is also a major issue, and
it has been for hundreds of years. Historically, people disposed of their household waste by burying or burning
it, but these methods became impractical once human populations started exploding, resulting in the
development of land fills, disposal sites where collected waste from a large area is buried (Fig. 11.1.).

Fig. 11.1. Composition of household waste (www.kornyezetbarat,hulladekboltermek.hu)
Commercial waste consists of waste from premises used wholly or mainly for the purposes of a trade or
business or for the purpose of sport, recreation, education or entertainment but not including household;
agricultural or industrial waste.
Demolition waste is waste debris from destruction of a building. The debris varies from insulation, electrical
wiring, rebar, wood, concrete, and bricks. It also may contain lead, asbestos or different hazardous materials.
Inert waste is a Special kind of MSW. It is neither chemically or biologically reactive and will not decompose.
Examples of this are sand, drywall, and concrete. This has particular relevance to landfills as inert waste
typically requires lower disposal fees than biodegradable waste or hazardous waste.
11.2.1.2. 11.2.1.2. Industrial Solid Waste
Industrial solid waste in the Asian and Pacific Region, as elsewhere, encompasses a wide range of materials of
varying environmental toxicity. Typically this range would include paper, packaging materials, waste from food
processing, oils, solvents, resins, paints and sludges, glass, ceramics, stones, metals, plastics, rubber, leather,
wood, cloth, straw, abrasives, etc. As with municipal solid waste, the absence of a regularly up-dated and
systematic database on industrial solid waste ensures that the exact rates of generation are largely unknown.
Industrial solid waste generation varies, not only between countries at different stages of development but also
between developing countries. In People‘s Republic of China, for example, the generation ratio of municipal to
industrial solid waste is one to three. However, based on an average ratio for the region, the industrial solid
waste generation in the region is equivalent to 1 900 million tonnes per annum. This amount is expected to
increase substantially and at the current growth rates, it is estimated that it will double in less than 20 years. As
the existing industrial solid waste collection, processing and disposal systems of many countries are grossly
inadequate, such incremental growth will pose very serious challenges.
11.2.1.3. 11.2.1.3. Agricultural Waste and Residues
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Agricultural production leaves considerable amounts of agricultural waste. Some of it is recycled into the
agricultural production as fertilizer, while large amounts remain unused – and in many instances pose a disposal
problem. Uncontrolled burning in the fields is not only a hazardous disposal solution - it is also wasting useful
energy. With efficient collection systems, waste from agricultural production can be utilised as fuel for power
and heat production. In some agricultural industries large amounts of biomass waste is already concentrated and
readily available for utilisation. The palm oil industry, for instance, produces significant amounts of empty fruit
bunches that can be incinerated. Liquid wastes may also be methanized and can secure a basis for own power
and process heat production while delivering excess power to the grid. In the sugar industry, significant amounts
of bagasse – the waste after extraction of sugar – is an equally excellent fuel. Rice production may also be
industrialised to such an extent that rice husks are available in amounts sufficient for incineration in a boiler,
thereby securing a basis for power and heat production. In the forest industry, large concentrations of biomass
waste can be utilised for power and heat production, e.g. at sawmills. The forest industry also supplies raw
material for briquettes production, where sawdust, charcoal dust, degradable waste paper and dust from
agricultural production may constitute a final utilisation of waste materials from agriculture related production.
11.2.1.4. 11.2.2. State of matter of waste
Several kind of wests can be solid, mud, liquid or aeriform (air polluters). Most of the wastes are solid wastes.
They have macroscopic grains. The material of these can be both organic and inorganic too. There are known
have very variably types of these.
Liquid and mud wastes need special methods of transportation and collection because of their special states.
Furthermore, these materials are toxic for the environment often.
11.2.1.5. 11.2.3. Environmental impacts of waste
Waste can be having hazardous or non-hazardous effects for the environment. Non-hazardous wastes are
municipal wastes generally.
Most hazardous waste is the by-product of a broad spectrum of industrial, agricultural and manufacturing
processes, nuclear establishments, hospitals and health-care facilities. Primarily, high-volume generators of
industrial hazardous waste are the chemical, petrochemical, petroleum, metals, wood treatment, pulp and paper,
leather, textiles and energy production plants (coal-fired and nuclear power plants and petroleum production
plants). Small- and medium-sized industries that generate hazardous waste include auto and equipment repair
shops, electroplating and metal finishing shops, textile factories, hospital and health-care centres, dry cleaners
and pesticide users.
Indiscriminate dumping has led to the contamination of surface and groundwater supplies, whilst open burning
of waste contributes significantly to urban air pollution. At a global level, the uncontrolled release of methane,
which is produced as a by-product of the decomposition of organic wastes, represents a significant proportion of
the region‘s contribution to the greenhouse effect.
The increase in potentially hazardous industrial, biomedical and nuclear wastes has not been accompanied by a
commensurate expansion in the provision of waste treatment and management facilities. The uncontrolled
dumping of biomedical waste has the potential for transporting pathogens (disease producing organisms), whilst
the indiscriminate disposal of oils, used batteries, discarded paints, spent chemicals and carcinogens, such as
asbestos, can cause significant adverse impacts on human health and the environment. Various incidents of
pollution have also been reported from industrial waste, abattoirs or food processing plants along with biocides
and toxic effluents from sawmills and timber processing areas.

11.3. 11.3. Waste Management Practices
The current practices employed in the management of solid waste within the Asian and Pacific Region vary
considerably between the low, middle and high-income countries. The extent of application and the
effectiveness of these practices are reviewed in the subsections that follow.

11.3.1. 11.3.1. Municipal Solid Waste
In many cities of the world, municipal solid waste (MSW) is gathered in a variety of containers ranging from
old kerosene cans and rattan baskets to used grocery bags and plastic drums or bins. In some cities,
neighbourhood-dumping areas have been designated (formally or informally) on roadsides from which bagged
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and loose waste is collected. Waste collection (and, where appropriate, waste transfer) frequently constitutes the
major solid waste management cost for the region‘s cities. A wide variety of collection systems are used
including doorto-door collection and indirect collection, by which containers, skips or communal bins are placed
near markets, in residential areas and other appropriate locations. In the high-income industrialized countries
collection and transfer services are capital-intensive and highly mechanized employing standardized collection
vehicles, compactors and containers and providing collection rates in the range of 90 per cent and collection
services to most urban and even rural areas. Source separation and subsequent collection of recyclables is
governed by regulation and is facilitated by the provision of colour-coded bins or bags or by the establishment
of area recycling centres. Whilst a significant number of these cities continue to retain parts of the collection
process within their direct municipal control, many others have contracted private sector waste collection firms
and have made private sector trade and industrial establishments responsible for the collection and disposal of
their own solid waste.
In the middle-and low-income countries of the region, waste collection and transfer tend to be labour-intensive
and are undertaken by personnel directly employed by the municipal authorities. Waste collection is undertaken
using low-levels of mechanization with handcarts and tractor-trailers being used to collect waste from
communal bins and neighbourhood dumping areas. The collection systems are relatively inefficient as the
collection vehicles and containers are not fitted with compactors, necessitating the transportation of loose waste
and, hence, imposing a constraint on the capacity of the collection system (Figs. 11.2., 11.3.).

Fig. 11.2. Model of groundwater pollutopn of waste deposits (Szabó 1999)
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Fig. 11.3. General view of the communal waste depositions (Barótfi 2000)
In some cities, decentralized pre-collection has proven effective in achieving increased collection rates. For
example, the kampongs (villages) of Indonesian cities have formal responsibility for primary collection, the
waste from each kampong being delivered to a transfer station or temporary storage point for collection by the
city service.
Waste collection methods vary widely among different countries and regions. Domestic waste collection
services are often provided by local government authorities, or by private companies in the industry. Some
areas, especially those in less developed countries, do not have a formal waste-collection system. While waste
transport within a given country falls under national regulations, trans-boundary movement of waste is often
subject to international treaties. A major concern to many countries in the world has been hazardous waste. The
most important waste collecting methods are the following:
Open dumping: it is the most widespread method of solid waste disposal in the region and typically involves
the uncontrolled disposal of waste without measures to control leachate, dust, odour, landfill gas or vermin. In
some cities, open burning of waste is practised at dumpsites. In many coastal cities, waste is dumped along the
shoreline and into the sea.
The scarcity of available land has led to the dumping of waste to very high levels; waste thickness is often over
12 metres and may be over 20 metres. An additional hazard on uncontrolled dumpsites arises from the build-up
of landfill gas (predominantly methane), which has led to outbreaks of fire and to adverse health effects on
workers and adjacent residents.
Landfilling: Disposal of waste in a landfill involves burying the waste, and this remains a common practice in
most countries. Landfills were often established in abandoned or unused quarries, mining voids or borrow pits.
A properly designed and well-managed landfill can be a hygienic and relatively inexpensive method of
disposing of waste materials. Older, poorly designed or poorly managed landfills can create a number of adverse
environmental impacts such as wind-blown litter, attraction of vermin, and generation of liquid leachate.
Another common product of landfills is gas (mostly composed of methane and carbon dioxide), which is
produced as organic waste breaks down anaerobically. This gas can create odor problems, kill surface
vegetation, and is a greenhouse gas. Design characteristics of a modern landfill include methods to contain
leachate such as clay or plastic lining material. Deposited waste is normally compacted to increase its density
and stability, and covered to prevent attracting vermin (such as mice or rats). Many landfills also have landfill
gas extraction systems installed to extract the landfill gas. Gas is pumped out of the landfill using perforated
pipes and flared off or burnt in a gas engine to generate electricity (Fig. 11.4.).
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Fig. 11.4. Method of landfilling (Barótfi 2000)
Composting: Whilst small-scale composting of organic waste is widespread in the region, attempts to introduce
large-scale composting as a means of reducing the quantities of municipal solid waste requiring disposal, or with
the intention of creating a revenue stream from the sale of compost, have been met with limited success. Most of
the composting plants in the region are neither functioning at full capacity nor do they produce compost of
marketable value. The high operating and maintenance costs results in compost costs that are higher than
commercially available fertilisers, whilst the lack of material segregation produces compost contaminated with
plastic, glass and toxic residues. Under such circumstances, little of the compost produced is suitable for
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agriculture application. At a slightly larger scale, the composting of organic MSW with agricultural waste and
sludge from municipal sewage treatment. However, land availability, high operational, maintenance and
transportation costs and incomplete waste material segregation remain major constraints to the adoption of cocomposting.
Incineration: Incineration of MSW remains an expensive and technically inappropriate waste disposal solution.
The development of waste incineration facilities has been constrained by the high capital, operating and
maintenance costs and by increasingly stringent air pollution control regulations. In addition, the combustible
fraction of much of the MSW generated in the low and middle-income countries of the region is relatively low,
with high organic and moisture contents. For example, the Indonesian city of Surabaya imported an incinerator
that is currently operating at two-thirds of its design capacity as the waste needs to be dried on-site for five days
before it is suitable for combustion. Even without the cost of air pollution control mechanisms, it is estimated
that the cost of waste incineration in this instance is roughly 10 times greater than the cost of open dumping/land
filling in other Indonesian cities (Fig. 11.5.).

Fig. 11.5. Classification of recycling household waste (www.raklapborze.hu)

11.3.2. 11.3.2. Industrial Solid Waste
The methods employed in the disposal of industrial solid waste are broadly the same as those used to dispose of
MSW and comprise open dumping, land filling (both semi-engineered and sanitary landfilling) and incineration.
In many countries non-hazardous industrial solid waste is accepted at either open dumps or landfills along with
municipal solid waste (although where facilities are available potentially hazardous industrial solid waste is
disposed of either in secure landfills or is incinerated). In those developing countries with few waste
management facilities, industrial waste is often dumped on private land or is buried in dump pits within or
adjacent to the site of the industrial facility from which it has emanated.

11.3.3. 11.3.3. Agricultural Waste and Residues
In most traditional, sedentary agricultural systems, farmers use the land application of raw or composted
agricultural wastes as a means of recycling of valuable nutrients and organics back into the soil and this remains
the most widespread means of disposal. Many countries with agricultural-based economies use agricultural
wastes to produce biogas through anaerobic digestion. The biogas (approximately 60 per cent methane) is
primarily used directly for cooking, heating and lighting, whilst the slurry from the anaerobic digesters is used
as liquid fertiliser, a feed supplement for cattle and pigs and as a medium for soaking seeds prior to germination.
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In some countries progress has been made on methods for detoxification of hazardous waste and subsequent
immobilization by fabrication into bricks and other usable materials.
In Thailand, a major programme of hazardous waste management is underway along the Eastern Seaboard
where petrochemical, chemical and non-ferrous industries produce some 250 000 to 300 000 tonnes of
commercially viable hazardous industrial waste each year. A hazardous waste treatment plant, managed by the
Industrial Estate Authority of Thailand, has been established at the Map Ta Phut Industrial Estate, a focal point
of the country‘s petrochemical and chemical industries. Recycling and material recovery are encouraged to
reduce the net amount of wastes requiring treatment and disposal and purpose-build landfills have been
developed to receive hazardous waste.

11.3.4. 11.3.4. Wastewaters, mud waste
Wastewateris any water that has been adversely affected in quality by anthropogenic influence. Municipal
wastewater is usually conveyed in a combined sewer or sanitary sewer, and treated at a wastewater treatment
plant or septic tank. Treated wastewater is discharged into a receiving water via an effluent sewer.
Sewage is the subset of wastewater that is contaminated with feces or urine, but is often used to mean any
wastewater. Sewage includes domestic, municipal, or industrial liquid waste products disposed of, usually via a
pipe or sewer (sanitary or combined), sometimes in a cesspool emptier.
Sewerage is the physical infrastructure, including pipes, pumps, screens, channels etc. used to convey sewage
from its origin to the point of eventual treatment or disposal. It is found in all types of sewage treatment, with
the exception of septic systems, which treat sewage on-site.

11.3.5. 11.3.5. Radioactive Waste
Radioactive wastes are usually by-products of nuclear power generation and other applications of nuclear fission
or nuclear technology, such as research and medicine. Radioactive waste is hazardous to most forms of life and
the environment, and is regulated by government agencies in order to protect human health and the
environment.
Radioactivity diminishes over time, so waste is typically isolated and stored for a period of time until it no
longer poses a hazard. The period of time waste must be stored depends on the type of waste. Low-level waste
with low levels of radioactivity per mass or volume (such as some common medical or industrial radioactive
wastes) may need to be stored for only hours or days while high-level wastes (such as spent nuclear fuel or byproducts of nuclear reprocessing) must be stored for a year or more. Current major approaches to managing
radioactive waste have been segregation and storage for short-lived wastes, near-surface disposal for low and
some intermediate level wastes, and deep burial or transmutation for the high-level wastes. When dealing with
long-term radioactive waste management solutions, the time frames in question range from 10,000 to millions of
years.
A summary of the amounts of radioactive wastes and management approaches for most developed countries are
presented and reviewed periodically as part of the International Atomic Energy Agency (IAEA) Joint
Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management.

11.4. 11.4. Environmental effects of waste depositions
Landfilling waste takes up land space and releases toxic chemicals into the environment if the landfill isn't
properly lined. The lining of a landfill generally consists of a base of clay, a polyvinyl chloride membrane and a
drainage layer such as gravel. If the landfill isn't properly lined, waste that is supposed to decompose frequently
doesn't and will release methane into the atmosphere, waste resources and create an eye sore for years. Some
landfills capture the methane and turn it into energy.
The main environmental impacts are the emissions of landfill gas usually. It leachate owing to a complex
sequence of biological and chemical reactions that occur within the solid waste matrix in a landfill. Pollutants
found in leachate released into the subsurface include organic contaminants, which are soluble refuse
components of decomposition products of biodegradable fractions of MSW, and a variety of heavy metals. In
addition to these environmental impacts, many social impacts such as loss in property values, traffic congestion
and health problems are caused by the present practices.
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11.5. 11.5. Requirements of establishment waste deposition
The deposition of urban wastes is a technological process that can negatively influenced the environment
quality. In the context of sustainable development, the waste management plays an important role, waste
deposition being not only a potential pollution source but also an important source of raw secondary materials
and energy. The environment quality (air, water, soil) into the urban waste deposition area must be monitorized.
Also, the evaluation of environmental impact generated into the urban waste landfill must be quantified using an
adequate evaluation method. The following standards shall apply to the establishment, maintenance, and
operation of solid waste disposal sites (landfill sites) within the country.
General requirements
- No city, district, sector, cell, public/private or municipal corporation shall acquire and operate, or cause to be
acquired and operated, a dump or site for the disposal of garbage or refuse, or a transfer station or collection
point for garbage or refuse, within the country without the consent of the Regulatory Agency
- The technical design of the landfill shall meet the standards required by the Regulatory Agency (RURA) to
ensure that the operation of the facility does not cause an adverse effect or give rise to a significant risk of a
potential adverse effect occurring.
- These directions do not exempt the registered person from any other relevant legislation. Proof of exemption
must be submitted to the Regulatory Agency
- If the Site is an existing Site and not zoned for waste disposal, and if consent cannot be provided by the
Regulatory Agency for waste to be disposed on the Site, the registered person must within a period of 60 days
following the application for registration, apply for the rezoning of the Site for waste disposal purposes.
- The registered person must take all measures to ensure that no hazardous, medical and scheduled
pharmaceutical products waste is disposedof on the Site
Location
1. The location of the landfill should not give rise to any adverse effects or a significant risk of any adverse
effects occurring.
2. Solid waste landfills shall meet the following minimum technical location standards:
- The bottom of the landfill shall be at least 3 meters above the seasonal high ground water level;
- The maximum height of the Site above ground level must not exceed three (3)
meters.
- The slope of the sides of the Site must be constructed in such a manner that little or no erosion occurs.
- The edge of the landfill shall be not closer than sixty (60) meters to a surface water body and hundred (100)
meters upstream from apublic water supply well;
- The landfill shall not be located in aquifer recharge areas or public water supply catchment areas unless there
are no other feasible alternatives, in which case the landfills shall be lined with appropriate material and subject
to additional water quality monitoring.
3. All new landfill sites shall meet the following criteria:
- The site shall not be closer than three thousand (3,000) meters from an airport, airfield or site reserved for the
construction of an airport or airfield;
- The site shall be located and operated in such a manner that it does not create significant negative impacts on
flora and fauna on adjoining land;
- The site shall not be closer than four hundred (400) meters from an existing residential development;
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- The edge of the landfill shall not be closer than hundred (100) meters from an area to which the public have
access, a national park, protected area or an area having national historical or archaeological significance;
- There must be a buffer area around the landfill of at least twenty (20) meters to allow provision for visual
screening from adjoining properties.
- Landfill access roads shall be located and constructed so as to have a minimum impact on adjacent residents.
Landfill design, construction, operation and maintenance requirements
The following are the provisions that are designed to improve landfill safety and provide operational flexibility:
- All new phases of landfills should be constructed with double composite liner systems. This type of liner
provides secondary containment for leachate and, through a collection system installed between liner layers,
detects leakage before it enters the groundwater underneath the landfill. Double liners may not be required
where a landfill is expanding vertically over an area that is already lined, depending on the type and quality of
the existing liner, the type of waste that will be placed in the expanded area, and the length of time that the
expanded area will be used. While designing a landfill, should be a point of compliance for groundwater
standards, one hundred and fifty (150) meters from the edge of the system designed to control waste or the
property line (whichever isless). Groundwater contamination from a landfill that extends beyond the point of
compliance must be assessed and remediated (if necessary).
- Landfills will be allowed to recirculate leachate at landfills with double liners. This speed up the
decomposition of a landfill and allow it to stabilize over a shorter time period than would be needed if leachate
is discharged to a wastewater management system.

11.6. Presentation
For more information on this chapter see the presentation below
Presentation

11.7. Self-checking tests
1 Describe the definition of waste and name the different sorts of it! 2 What methods have to follow to reduce
the quantity of the municipal solid waste (MSW)? 3 Describe the environmental effects of waste production! 4
Explain the environmental effects of the landfills!

12. 12. Environmental geological facilities of Hungary,
sensibility and hereditary dishease of the
geographical units
Hungaryis situated in the Carpathian Basin in Central Europe. The country lies between latitudes 45° and 49° N,
and longitudes 16° and 23° E.

12.1. 12.1. Environmental geological facilities of Hungary
Slightly more than one half of Hungary's landscape consists of flat to rolling plains of the Pannonian Basin: the
most important plain regions include the Little Hungarian Plain in the west, and the Great Hungarian Plain in the
southeast. The highest elevation above sea level on the latter is only 183 metres. Transdanubia is a primarily
hilly region with a terrain varied by low mountains. These include the very eastern stretch of the Alps,
Alpokalja, in the west of the country, the Transdanubian Mountains, in the central region of Transdanubia, and
the Mecsek Mountains and Villány Mountains in the south. The highest point of the area is the Írott-kő in the
Alps, at 882 metres. The highest mountains of the country are located in the Carpathians: these lie in the North
Hungarian Mountains, in a wide band along the Slovakian border. Hungary is divided in two by its main
waterway, the Danube (Duna); other large rivers include the Tisza and Dráva, while Transdanubia contains Lake
Balaton, a major body of water. The second largest thermal lake in the world, Lake Hévíz, is located in Hungary
(Fig. 12.1.).
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Fig. 12.1. Main regions of Hungary

12.1.1. Geological properties
Hungary has a great diversity of rocks. The oldest surface rocks can be found in the Zemplén Mountains (about
900 million years old), but there are parts under the surface which were are dating back 1.1 billion years ago.
The most important mountains made of granite were formed in the Carboniferous period of the Earth‘s history.
These are the Velence Mountains and the Mórágy Block. Moreover there are granite stripes under the Great
Hungarian Plate. In the Triassic period mainly mountains composed of limestone were formed. We can see large
limestone and dolomite surfaces in the Transdanubian Mountains (for example Vértes, Pilis, Buda Mountains),
parts of the Mecsek, the Villány Mountains and the Bükk Mountains. Limestone of economic importance can be
found in the Bakony Mountains and in the Gerecse Mountains. It was deposited in the Jurassic period. There is a
volcanic chain under the sediment of the Great Hungarian Plate, which is the remain of strong geological
activities in the area during the formation of the European members of the Eurasian Mountain System. These
volcanoes are about 130 million years old. During the Miocene period the mountains of the Carpathians were
rising, while the Carpathian Basin was sinking. On the margin of these two different regions, strong volcanic
activity began, which resulted in the formation of a ring of volcanoes in the Carpathian, stretching from the
Visegrád Mountains to Hargita (Transylvania). The post-volcanic activities of this period caused the
hydrothermal ore-production (copper, led, zinc) of the Börzsöny, Mátra and Zemplén Mountains (Fig. 12.2.).
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Fig. 12.2. Geological map of Hungary (www.mafi.hu)
There is a tectonic line called Zágreb-Hernád Line, which divides the country into two geological parts. It is a
straight line from Zagreb to the Zemplén Mountains. South of the line the ground of the Hungarian basin was
created on the northern shoreline of the Thetys Ocean and the edge of the Eurasian plate. North of the ZágrebHernád Line the ground of the basin was created on the southern shoreline of the Thetys and the edge of the
Africa Plate. A great part north of the Zagreb-Hernád Line is a part of the African Plate, which was pushed into
present-day Hungary during the creation of the Eurasian Mountain System. This process was followed by high
volcanic activities and many scientists believe that the mass of andesitic rock erupting from these volcanoes
caused the unusual thinness of the crust (26-27 km) under Hungary. This would explain why Hungary has a
higher geothermal gradient than any other country on the European Mainland.
The geology of Hungary can be summarized into three main statements:
• The ground of the basin isn‘t one rigid and crystallized block of rock, but it consists of different parts with
different origin and age.
• The rocks of the Carpathian Basin weren‘t created on their present place but were created in the Southern
hemisphere and were travelling from there to their present location in millions of years.
• The Zágráb-Hernád Line is nothing else than a former plate margin between the African and the Eurasian
plates. To the north of it, rocks of African origin, while to the south of it, rocks of Eurasian origin can be
found.

12.1.1. 12.1.2. Climate
Hungary has a continental climate, with hot summers with low overall humidity levels but frequent rainshowers
and mildly cold snowy winters. Average annual temperature is 9.7 °C. Temperature extremes are about 41.9 °C
on 20 July 2007 at Kiskunhalas in the summer and −35 °C on 16 February 1940 Miskolc-Görömbölytapolca in
the winter. Average high temperature in the summer is 23 °C to 28 °C and average low temperature in the
winter is −3 °C to −7 °C. The average yearly rainfall is approximately 600 mm. A small, southern region of the
country near Pécs enjoys a reputation for a Mediterranean climate, but in reality it is only slightly warmer than
the rest of the country and still receives snow during the winter (Fig. 12.3.).
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Fig. 12.3. Climate types of Hungary (www.met.hu)
1. Solar radiation: In Hungary, the southeastern parts have the highest irradiation values (Fig. 1), the region of
Szeged reaches 4800–4900 MJ/m2, also, the global radiation exceeds 4500 MJ/m2 in large areas. The lowest
irradiation values are around the northern mountains, here less than 4300 MJ/m2 values could occur.
The most radiation is received in July - though the daylight does not last as long as in June and the Sun is lower
at noon, the amount of cloud cover is less in July than in the beginning of the summer (Fig. 2). The cloudiest
weather and the short days make December with the lowest irradiation (Figs. 12.4., 12.5.).

Fig. 12.4. Annual solar radiation of Hungary (www.met.hu)
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Fig. 12.5. Distribution of the annual solar radiation (www.met.hu)
2. Sushine duration: In Hungary, the most sunshine with more than 2000 hours a year is common in the
southern and southeastern parts, while the least sunny regions are in the northern and northeastern parts, and
around the western borders, with less than 1800 hours.
In winter, the highest mountains receive one and a half times as much sunshine as the plains, since in winter the
inversion is a common phenomena (when the mountains rise above the fog covering the lower regions).
However, in summer they have 10 percent less sunshine as the lower regions, because of the more cloudy and
wet weather. December is with the least sunshine, while the maximum duration is in July (Figs. 12.6., 12.7.).

Fig. 12.6. Annual sunshine duration of Hungary (www.met.hu)
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Fig. 12.7. Distribution of annual sunshine duration (www.met.hu)
3. Annual mean temperature: The annual mean temperature in most parts of Hungary is between 10 and 11 °C.
The spatial distribution of two-metre temperature is primarily influenced by the distance from the Equator, the
altitude and the distance from the seas. The impact of orography on the temperature is obvious, an inversion is
common in winter, when the temperature increases with the altitude instead of decreasing. Stronger inversion
can cause a cold-air pool within the Carpathian Basin, which means higher altitude areas can be warmer as they
rise from the cold air mass that fills the bottom of the basin (Fig. 12.8.).

Fig. 12.8. Annual mean temperature of Hungary (www.met.hu)
4. Annual mean precipitation: The annual precipitation amount in Hungary is 500–750 mm, but there are
remarkable differences between different regions. The spatial distribution of the annual precipitation amount
shows double effects. The effects of the altitude and the distance from the Mediterranean Sea are important, but
the Atlantic ocean also influences our climate. A hundred meters increase in altitude equals to about 35 mm
extra in the annual amount, while the growing distance from the seas means a decrease. The wettest are the
southwestern areas of the country and the mountains, where the amount could exceed 800 mm. On average, the
low altitude valley of the river Tisza receives the least precipitation, the value does not reach 500 mm. Roughly,
the annual sum decreases from SW to NE.
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Spatial and year-to-year variability is notable in Hungary. The most precipitation falls between May and July,
while the least between January and March. Due to a stronger cyclone activity there is a secondary maximum in
most parts of the country during the autumn - this is particularly true for Southern Transdanubia. Its temporal
uncertainty is shown in the fact that in the wettest years three times as much can fall than in the driest years, and
zero precipitation can occur in any month. The country-wide annual precipitation amount showed a decreasing
tendency during the last century, the decrease in 109 years was nearly 10 percent (Figs. 12.9., 12.10.).

Fig. 12.9. Distribution of annual mean precipitation (www.met.hu)

Fig. 12.10. Annual mean precipitation of Hungary (www.met.hu)
5. Wind conditions: Two main effects are characterizing the wind conditions of Hungary, the base flow
determined by the general circulation and the modifying influence of the topography. Wind is distinguished into
its direction and speed. The direction of the wind means where the wind blows from. In the upper air of the
temperate climatic zone the prevailing winds are the Westerlies, but at lower altitudes they are significantly
modified by the topography. Due to the location of Hungary the prevailing wind is the northwestern, while the
southern winds are secondary maxima (Fig.). The northwestern base flow of the general circulation is more
emphasized in Eastern Transdanubia and between the rivers Danube and Tisza, while east of the Tisza the
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prevailing wind is northeastern. However, due to the different circulation patterns the wind direction is not
permanent, the relative frequency of the most frequent wind is only around 15–35% in Hungary. Thus, in 65–
85% of the time the wind does not blow from the prevailing direction. On average, there are 122 windy days per
year in Hungary (i.e. when the strongest gust exceeds 10 m/s), from which 35 days are gale (i.e. the strongest
gust exceeds 15 m/s) (Fig. 12.11.).

Fig. 12.11. Wind conditions of Hungary (www.met.hu)
12.1.3. Groundwater and surface waters of Hungary
Hungary is rich in groudwater. Several types of aquifer rocks evolved during the Earth‘s history. According to
the aquifers, we can differentiate three groups of groudwaters.
1. Coarser sandy and gravel layers: The good aquifers are the coarser sandy and gravel layers of the clastic
basin-deposits. At larger depth one can find sandstone instead of the loose sandy layers. These aquifers can be
found in more than three quarter of the country‘s area assuring everywhere the chance for local drinking water
production and from greater depths (usually more than 500 m) the abstraction of thermal water. With wells
bored into the shallow gravel aquifers along the riverbanks the filtered water of the river i.e. bank-filtered water
is produced. The upper layers down to the depth of 10 to 20 m are of fine-grained formations enabling only
small discharges for local production. The majority of dug wells in the villages and countryside homesteads are
producing water from such formations. However at some sites these formations may have better productivity. In
this publication water located in the deposits near the surface is called (acc. to the specific Hungarian
nomenclature) shallow groundwater (in other languages this terms stands usually for groundwater in general),
water in deeper clastic sediments is called deep groundwater, while the deep groundwater of a temperature
higher than 30 °C are thermal deep groundwaters, being a type of thermal waters.
2. Karstic rocks: The other main type of groundwater aquifers is the group of karstic rocks that can be found in
almost the half of the hilly areas covering one fifth of Hungary‘s territory. These calciferous marine sediments
of the Mesozoic (limestones, dolomites) often have a high conductivity along faults, fractures and holes widened
by water of high carbonic acid content during the process of karstification. Precipitation infiltrates mainly
directly and quickly into the outcropping karstic rocks (―open karst‖), therefore the recharge of karstic waters is
good. In several areas karstic formations are covered by geological formations of low conductivity also in the
hilly regions, while at the margins of such territories the karstic reservoir is often covered by clastic sediments
of large (sometimes several km) thickness, generally impermeable, lying directly above the karstic formations
(covered karst). In the karstic formations at the margins of mountains and in large depth below the surface in the
basin-regions thermal waters can be found, part of which comes to the surface in the form of the well known
thermalkarst springs (Héviz, Budapest, Eger, etc.).
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3. Other aquifers: Beyond the main groundwater types set forth above (bank-filtered, shallow-, deep
groundwaters and the karstic waters) water can be exploited, although to a smaller extent, from other geological
formations as well. Parts of the hilly regions are built up of non-karstic rocks (crystalline, volcanic or
sedimentary formations of lower yield) from which smaller springs, significant only for local extraction, arise
(Fig. 12.12.).

Fig. 12.12. Groundwater types and thickness of Hungary (forrás: www.kvvm.hu)
The surface hydrology of Hungary is mostly determined by Hungary's lying in the middle of the Carpathian
Basin, half surrounded by the Carpathian Mountains. All parts of the country have some outflow. All surface
water gravitates towards its southern centre, and from there, is united in the Danube, which flows into the Black
Sea. The whole of Hungary lies within the Danube drainage basin. Hydrographically Hungary can be divided
into two roughly equal parts: the drainage basins of the Danube and the Tisza.
The present network of Hungary's rivers began to take shape at the end of the Tertiary and the beginning of the
Quaternary periods when the Pannonian Sea retreated from the basin.
The rivers in Hungary reach their lowest level at the end of the summer, the beginning of the autumn, or
sometimes in the winter. Both the Danube and the Tisza have two regular floods each year, the early spring "icy
flood" and the early summer "green flood". The "icy flood" is the result of the thaw in the mountains
surrounding the Carpathian Basin, when the rivers in the plain are usually still frozen. Before the river flows
were controlled, the piled-up ice sheets of the river could form tremendous barriers, which in turn could cause
devastating floods. This phenomenon can still be a real danger after cold winters, and a small fleet of
icebreakers is used on the two rivers to fight against ice barrages. The "green" flood in the early summer carries
a much larger amount of water, not only the torrents from the Alps, but also the surface runoff water from the
May and June rains (Fig. 12.13.).
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Fig. 12.13. River network of Hungary (www.enfo.agt.bme.hu)

12.1.2. 12.1.4. Soils
Soils are amongst the most important natural resources of Hungary. The favourable landscape, climate and soil
conditions allowed the original Hungarians to settle in the Carpathian Basin. When looking at the soil map of
Hungary, the various colours reflect how differences in environmental factors have determined the development
of the soil cover.
In mountainous areas, higher precipitation and lower temperatures lead to the development of soils under forest
vegetation. These fertile soils, known as uvisols, were heavily influenced by percolating water which led to the
accumulation of clay in the subsoil. In the area between the mountains and the Hungarian Great Plain, young
soils without distinct profile development are found (Cambisols). In lowland areas, one can find dark
Chernozems, the most fertile soil of Hungary that supports the country‘s agricultural production. Soils in river
valleys that have developed on stratified sediments are called Fluvisols. Arenosols, soils that have developed on
windblown sands deposited after the end of the last ice age, are extensive in certain parts of the country. In
certain situations, ground water containing soluble salts can be found close to the surface. If evaporation is
higher than precipitation, then saltaffected soils such as Solonchaks and Solonetzs can be found.
The soils of Hungary have been used very intensively throughout history for the cultivation of crops, for animal
grazing and supporting woodlands for construction material. Currently, 48% of land is used for crops (mostly
wheat and corn), 21% are forests, 8% are grasslands and 20% is uncultivated. The major limitation to
agriculture in Hungary is precipitation. Climate change models predict that Hungary will experience extreme
precipitation events in the future. The greatest challenge is to store the rainfall within the soil through effective
soil management practices. Such techniques will control erosion, minimise the loss of topsoil and maintain or
even enhance organic carbon and the bio-diversity levels of the soils (Fig. 12.14.).
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Fig. 12.14. Genetic soil types of Hungary (www.enfo.agt.bme.hu)

12.2. 12.2. Environmental geological features of Hungarian main
areas
Hungary has three major geographic regions (which are subdivided to seven smaller ones): the Great Hungarian
Plain, lying east of the Danube River; the Transdanubia, a hilly region lying west of the Danube and extending
to the Austrian foothills of the Alps; and the North Hungarian Mountains, which is a mountainous and hilly
country beyond the northern boundary of the Great Hungarian Plain. But we can determine six main regions on
the base of geographycal properties (Fig. 12.1.).

12.2.1. 12.2.1. Great Hungarian Plate
Great Hungarian Plain, a flat, fertile lowland, southeastern Hungary, also extending into eastern Croatia,
northern Serbia, and western Romania. Its area is 40,000 square miles (100,000 square km), about half in
Hungary. In its natural state the Great Alfold is a steppeland broken up with floodplain groves and swamps—a
southwestern projection of the Russian steppes. In Hungary flood control, irrigation, and swamp drainage
projects have added large areas of cultivable land. Cereals, fodder crops, livestock, vegetables, and fruit are
widely raised. The original arid grasslands or steppe (Hungarian puszta) survive in the Hortobágy area east of
Budapest. To the north and east of the plains lie the foothills of the Carpathian arc, to the south and west the
Balkan Mountains. The plains are generally divided into two areas: the region between the Danube River and its
tributary, the Tisza, and the region east of the Tisza (the Tiszántúl). The former is mostly windblown sandy soil
with loess in places and extends across the now-regulated Danube floodplain to the west and across the Tisza
floodplain in the east. The Tisza River, before it was regulated, flooded large parts of the plain. The area east of
the Tisza has alluvial deposits, loess, and windblown sand. In the geomorphologic history of the Great Alfold, a
range of block-faulted mountains, coincident with the present plain, submerged into an inland sea (known as the
Pannonian Sea) in the Pliocene Epoch (i.e., about 5.3 to 2.6 million years ago). This was followed by uplift on
the margins, leaving the Great Alfold area as an inland lake, which dried up or was filled with riverine deposits
from the surrounding uplifted highlands. The present drainage pattern derives from the postglacial river pattern.

12.2.2. 12.2.2. Little Hungarian Plate
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Little Hungarian Plain, extensive basin occupying the northwestern part of Transdanubia in northwestern
Hungary, and extending into Austria and Slovakia (where it is called Podunajská Lowland). It has an area of
approximately 3,000 square miles (8,000 square km). It is bounded on the south and east by the highlands of
Transdanubia (Bakony and Vértes), to the west by the foothills of the Austrian Alps, and to the north by the
Carpathians in Slovakia. The major drainage direction is west-east via the Danube River. The Rába River and its
tributaries drain the Hungarian section through Győr, and in Slovakia the Váh River system enters the Danube at
Komárno (Komárom).
Some of the Little Alfold is exceptionally rich agricultural land that produces wheat, corn (maize), rye, barley,
sugar beets, potatoes, fodder crops, table vegetables, and tobacco; the basin has orchards and vineyards.
Livestock breeding—dairy cattle, pigs, horses, and poultry—is also important. The climate is relatively dry, but
abundant water comes from the surrounding highlands. Only in its middle and north-central parts is the Little
Alfold properly a plain; on the margins are degraded alluvial fans and low hills. The major settlement in the area
is Győr. Submergence and basin formation of the Little Alfold began several million years ago. Deposition and
local submergence has continued on a smaller scale, and the Little Alfold is subsiding very slightly.

12.2.3. 12.2.3. Feet of the Alps
Feet of the Alps (=Alpokalja) is one of the hungarian geographic regions in Western Hungary. Its highest point
in Hungary is Írott-kő, with 882 metres. Although there are several lower mountains, the majority of the
territory is hilly. Fir forests are characteristic to the region. Alpokalja contains two major, but not very extensive
mountain range: the Kőszeg Mountains and the Sopron Mountains. The Vas Hills and Balfi Hills are also
considered part of the territory.

12.2.4. 12.2.4. Transdanubian Hills
The Transdanubian Hillslie in a east-west direction from Zala Valley to the Danube. Its borders are drawn by
the Balaton in the north and Dráva Valley in the south. Two block mountains rise above the hilly region, like
two islands; the Mecsek and Villányi mountains. The natural resources of the hills are mostly utilised as
pastureland and those in the mountains are used in mining ore, coal and stone, and in tourism in caves and
mineral spas.
12.2.5. Transdanubian Mountain Ranges
The Transdanubian Mountains are a mountain range in Hungary covering about 7000 km². Its highest peak is
the Pilis, with a height of 757 metres. The Transdanubian Mountainslying from the north-western edge of the
Balaton to the line of the Danube is the only region in Hungary which is situated only in the territory of
Hungary. In the karst regions of the about 200 kilometer long mountains of south-west and north-east situation,
a network system of groundwater has been formed. Karst water plays an essential role in the water sypply of the
region. Some of the mountains (Bakony, Vértes) are famous for brown coal and bauxite mining. Several caves
and 123 medical waters and thermal springs have given the Buda Hills a unique and natural value. The hills
have special configuration, which provides protection for its relief, woods, mineral sources and stones.

12.2.5. 12.2.6. North Hungarian Mountain Ranges
The North Hungarian Mountainsis the northern, mountainous part of Hungary. It is a separate geomorphological
area within the Western Carpathians. The mountains run along in Northeast Hungary, and along the eastern
parts of the Hungarian-Slovak border in a broad band from the Danube Bend to the town of Prešov.
The North Hungarian Mountains begin with the mountain range of Börzsöny, adjacent to the Danube Bend,
where it meets the Transdanubian Mountains. The Börzsöny range is about 600 km² in area, and mainly of
volcanic origin. The highest peak is the Csóványos (938 m). The next range towards the east is the Cserhát, with
the same geological composition as the Börzsöny. Erosion here was more severe: these are mere hills and
comprise the lowest part of the North Hungarian Mountains. The highest point is the Naszály (654 m). Kékes,
the country's highest peak at 1014 metres, is located in the next range, Mátra. However, the range's average
height is only 600 metres, less than that of the neighbouring Bükk. Mátra is also of volcanic origin. The Bükk is
a limestone range; it has the highest average height in Hungary. It is rich in caves, some of which were inhabited
in ancient times. The Aggtelek Karst area is a geologic formation spanning the Hungarian-Slovakian border, and
the reason for the Caves of Aggtelek Karst and Slovak Karst World Heritage Site, and the Hungarian Aggtelek
National Park. Hungary's most popular cave, the Baradla, is located there. The Zemplén Mountains are again of
volcanic origin; the soil's high quality favours viticulture.
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12.3. 12.3. Environmental problems of Hungary
12.3.1. 12.3.1. Natural hazards
Natural hazards are quiet rare in Hungary. The Carpathian Basin is a stabile terrain so volcanism or earthquakes
are not significant. The most often disasters are floods in this region. Floods are very fast and intensive until the
river trainings. Alluviums are under agricultural crop today and many people living there. Because of this, these
are the most imperilled areas in Hungary.

12.3.2. 12.3.2. Anthropogenous environmental hazards
Contribution to the solution of the problem of formulating criteria for the identification and analysis of the
hazards of man-made impact. It‘s very difficult to identifying the hazards of anthropogenic impacts on
organisms, including the hazards of man-made chemicals, have been formulated. This made it difficult to
effectively combat many negative consequences of the human impact on the biosphere, and to assess in full the
hazards of man-made chemicals (pollutants, xenobiotics). A new concept to identify potential dangers of
anthropogenic impacts on the biosphere and organisms was formulated in some recent publications. The new
approach allows identifying and analyzing the negative man-made effects and the entire impact on organisms
and the biosphere in a more objective way and more fully than was it was done previously. The proposed
method allows better organizing information on biological effects associated with exposure to chemical
substances, as well as the data on other anthropogenic influences on the organisms and the biosphere.
In the next subchapters, we will review Hungary‘s environmental states.

12.3.2.1. 12.3.2.1. Air pollution in Hungary
The air quality in Hungary generally corresponds to the EU average, though there are Hungarian settlements
where air quality is still not on the 'good' level, with significant differences between rural parts and larger cities.
Concentrations of SO2, CO, benzene and lead are below set limits throughout the country. Decreased emissions
of sulphur dioxide over the past one to two decades resulted in a lower ambient air concentration of that
pollutant.
Levels of nitrogen oxides and ground-level ozone are (relatively) high, with the latter showing an increasing
trend similar to other parts of Europe. Nitrous oxides play a significant role in acidification and eutrophication
of ecosystems, while ground-level ozone poses a serious threat to agricultural production. Levels of particulate
matter and NOx in ambient air occasionally exceed the health limit values near main traffic routes in larger cities
(Fig. 12.15.).
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Fig. 12.15. Map of air-pollution in Hungary (www.idokep.hu)
As a result of better understanding its health effects and of the availability of advanced measurement
technology, fine particle pollution represents the highest risk to public health (in terms of air quality). An
assessment of the health effects of PM10 in Budapest and other cities, based on data from 2004, suggests that 170
premature deaths per 100 000 inhabitants per year can be attributed to long-term exposure to high PM
concentrations.
According to data from the National Children‘s Respiratory Survey performed by the National Institute of
Environmental Health in the autumn of 2005, the prevalence of chronic bronchitis symptoms among 9-10-year
old Hungarian children was 17.3 % which showed statistically significant associations with the yearly mean
levels of PM10 in the towns of the Central Transdanubian and the Central Hungarian Regions. At national level,
the yearly mean PM10 levels were significantly associated with the prevalence of clinically diagnosed asthma
(7.3 %) and allergy cases (20.6 %), the latter showing significant correlation with high levels of different pollen
concentrations.
The improvement in ambient air quality has resulted in a decreasing trend in morbidity and mortality associated
with respiratory diseases, which is especially evident since 2000. However, further investigation is needed to
identify the most recent trends and to isolate the health effects of outdoor air quality from the effects of cigarette
smoke.
Air quality is measured by a sophisticated national air quality monitoring network which has been extended
through the contribution of EU funds, doubling the number of on-line sampling points, and upgrading the vast
majority of measuring stations. The National Institute of Environmental Health provides daily health-related
information on the ambient air pollution level in Budapest and five other towns in order to protect the health of
the potentially affected population and operates the Aerobiological Network.
The national air quality monitoring system consists of 59 automatic stations (11 in Budapest), 200 manual
sampling points and six mobile measuring devices (buses). Nearly all automatic stations collect data on SO 2,
NOx, NO2, PM10, CO and ozone and almost half of them on some aromatic hydrocarbons (BTEX). Four stations
(two in Budapest) collect data on PM2.5 and their number will be increased significantly in the near future.
12.3.2.2. Water pollution in Hungary
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The quality of the water in rivers and lakeshas improved recently in Hungary. Water pollution has decreased
in the large rivers since the 1990s because several cleaning plants were built. Headwater countries have
modernised their industries in the watershed area of the Danubeand for this reason, their sewagewatersemission have decreased. The situation has improved in the countries within the Tisza river systemdue to
the decline of heavy industries and the fact that heavily polluting factories were closed for economic reasons.
The problem has, however, not yet fully resolved. At present, the water leaving the country is cleaner, that is,
less polluted than the water that enters, in spite of the fact that sewage-water cleaning and canalisation is still not
up to EU standard. The self-cleaning capacity of the large rivers in Hungary can absorb the organic pollutants of
the population sewage-water within a few 10 kilometres of their flow. The real problem is caused by the water
pollution of small streams and rivers because they have a very low self-cleaning capacity. Our large lakes – the
Balaton, Lake Fertő andLake Velence – are clean and do not contain harmful pollutants. In the watershed
areas of the Balaton and Lake Velence nitrogen and phosphorus washed down from fertilized areas cause a lot
of harm.
At present, decreasing bacterial pollution cannot keep pace with the rate of decreasing chemical pollutants.
Occasionally bans must be put on bathing in our large rivers. As a result of revolutionary changes taking place
in industry, organic pollutants of complex structure have appeared.
95% of the rivers flowing across Hungary rise from foreign watershed areas. Floods develop in the mountainous
regions beyond the borders of the country and the potentially most dangerous sources of pollution can also be
found there (mines, ore separators, metal producing plants, etc.). In the case of an industrial accident, the
pollution soon flows across the Hungarian border and its harmful effect can hardly be decreased when it reaches
areas of lower gradient. For this reason, concerted actionis indispensable. Five countries in the Tisza watershed
area have signed an agreement in 2001 in order to decrease floods, prevent and avert pollution and take
concerted action. Cooperation concerning the Danube, however, was not successful regarding the case of
constructing the Bõs-Nagymaros dam jointly designed by Slovakia and Hungary. Hungary receded from the
contract citing environmental protection reasons. Finally the case was brought before an international court, but
even after the decision of the court (1997), the debate on the case continued between the parties
(http://elib.kkf.hu/hungary/magyar/environment/EN.htm).
12.3.2.2. 12.3.2.3. Pollution of groundwater in Hungary
Groundwater pollution, risk of pollution The greatest part of groundwater in Hungary is suitable for drinking
water supply; in the case of deep groundwater the application of the proper water treatment technology is
necessary, other types need disinfection only. The public health limit values by components had been provided
earlier by a national standard.
Pollution of groundwater comes from the foregoing review of water bearing and/or highly permeable geological
formations that shallow aquifers with good recharge and of high permeability are the most sensitive ones against
pollutions from the surface. The pressure conditions of aquifers have a certain role as well: in the areas of
infiltration and recharge the contamination can move downwards with water; this can occur in the discharge
areas of upward flow only locally. Pressure however can change because of withdrawals and so contamination
can move downwards in areas where the flow had an upward direction before. In karstic areas, through the
outcrops of carbonate rocks contamination can move without any hindrance down to the level of karstic water
and even further because of the intense mixing of water. In such areas both the lateral movement and the spread
of contamination are fast. In basin areas it is basically the shallow formations that define the spreading of
contamination: in gravel layers spreading – similarly to the karsts – is very fast, it is slower in sandy layers and
very low in the silty, clayey layers. In the latter cases the adhesion of contamination on the surface of the fine
grains may have an additional role in the slow spread of contamination as well (Fig. 12.16.).
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Fig. 12.16. Sensitivity of groundwaters (www.zoldinfolanc.hu)
A wide scale of pollution sources is endangering groundwater, however it must be emphasised that a certain part
of the quality problems is connected to the natural properties of waters (e.g. the high iron, manganese,
ammonium concentration, and in some cases the arsenic content exceeding limit values in deep groundwater).
High nitrate concentration however hints to pollution from the surface.
Nitrification is the most frequent contamination process, caused dominantly by municipalities without sewerage,
and the use of manure and fertilizers in agriculture. Earlier the public health limit value was 40 mg/l according
to the Hungarian drinking water standard, at present it is 50 mg/l. Some pesticide residuals were detected in the
water of near-surface aquifers, and in the vicinity of industrial pollution sources a. o. heavy metal
contaminations were observed.
12.3.2.3. 12.3.2.4. Soil contamination
Soils are the most important – conditionally renewable – natural resources in the Carpathian Basin.
Consequently, their rational and sustainable use, protection and conservation, maintaining their desirable
multifunctionality, are priority tasks of biomass production and environment protection and are key elements of
sustainable development.
83 % of the area of Hungary is suitable for cultivation. The physical, chemical and biological attributes
determining the state of the soil are good, the rate of soil deterioration is relatively low and the soil condition in
the country is better than in many of those in Western Europe. However soil erosion caused by water and wind
affects 40% of the country. The main reasons can be found in inappropriate cultivation techniques in agriculture
and forestry combined with land use patterns in sensitive areas. The areas vulnerable to soil deterioration are
found in North Hungary and Transdanubia. Acidification is primarily found in the regions of West Transdanubia
and North Hungary as well as in the South-eastern part of the South Plain, and secondary salinisation is found in
the North Plain (Fig. 12.17.).
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Fig. 12.17. Rate of land degradation in Hungary (www.enfo.agt.be.hu)

12.4. Presentation
For more information on this chapter see the presentation below
Presentation

12.5. Self-checking tests
1 Describe the environmental geological makings of Hungary! 2 Characterize the environmental sensitivity and
hazards of Hungary!
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14. Test
1. Which seismic surface means the lower boundary of the Earth‘s crust? a, Mohorovicic discontinuity b,
Repetti discontinuity c, Gutenberg – Wiechert discontinuity 2. Which zone of the Earth is in fluid state? a,
mantle b, inner core c, outer core 3. Which biozone is used the least nowadays? a, Assemblage zone b, Oppel
zone c, Concurrent range zone 4. What is the shape of the experimental bodies used at soil-mechanic
examinations? a, pyramid b, roller c, cube 5. What is the so called „road-surface‖? a, It is the part of the road
where vehicles are allowed to drive only b, It is the part of the road where pedestrians are allowed to walk only
c, It is the whole table of the road 6. Which tunnel construction method is the most accepted nowadays? a,
blasting b, using shotcrete technology c, continous demolition 7. Which is the most problematic part of
underground line 4 from geological point of view? a, The Pest part b, The territories under the River Danube c,
The vicinity of the first phase at Keleti Railway station 8. What are the methods of earthquake forecast? a, It is
not possible to forecast b, Observation of the behavior of the animals c, Ask a fortune-teller 9. Which is the most
significant natural geological hazard in Hungary? a, earthquake b, mass movement c, volcanic activity 10. What
are the disadvantages of underground water exploitation? a, karstic springs dry b, floods because of the yield of
pit water c, wells dry out 11. Why does enlarge the acidity of the environment the high SO2 and NO2 emission?
a, because plants will be poisoned b, because their reaction with water result the coming off agressive acids c,
because most of them arose during burning of fossil fuels 12. How could reduce people the amount of waste? a,
By burning at the yard b, By digging in the forest c, By selective waste collection 13. Which one is accessory
element of the atmosphere? a, argon b, oxygen c, steam 14. Which one is the most effective greenhouse gas? a,
carbon-dioxide b, methane c, steam 15. What is the disadvantage of deflation? a, The wind could blow the soil
from large territories b, The dust could deplete the agricultural utensils c, There is no prevention against it 16.
How many percentage of domestic waste could be recycled? a, 55 percentage b, 65 percentage c, 45 percentage
17. What are the most common rocks in Hungary? a, paleozoic metamorphites b, mezozoic carbonates c,
pliocene-pleisztocene age fluvial sediments and loesses 18. Which region possesses the highest rate of
geothermal energy? a, river beds b, territories damaged by earthquakes c, volcanic areas 19. How plants are
depleted by acid rain? a, corrodes the leaves b, prevents the nutrient uptake c, tears down the organic content of
the soil 20. Which seisnic wave is the the most dangerous? a, longitudinal waves b,transvers waves c, surface
waves
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