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Electric Drive Mining Class Wheel Loaders as Prim
Production Tools

A. Wood

Institution of Engineering and Technology, UK

ABSTRACT Mechanical wheel loaders are traditionally consideasdsupport equipmen
back up to excavators and utilized as “clean upiiggent. This paper discusses the benefits
of employing large Electric Drive, Mining Class, Wheaaders as opposed to hydrau
excavators in high production low cost mining opersjoand the differentiation between
Electric Drive Wheel Loaders and Mechanical Drive \lheoaders. Large Electric Drive
Wheel Loaders, with bucket capacities up to 56m3paydoads of 72 Tonnes, combined with
fuel saving Electric Power Regeneration technologynatestrate competitive advantag
against hydraulic excavators in availability, prodoictand more importantly Total Cost
Ownership (TCO). Electric Drive Wheel Loaders have been &laifar over forty years, and
the fuel saving technology developed for this claswiweel loader is now utilized in other
mine site vehicles such as haul truckbis paper compares design features, producti
operational costs, maintenance issues and applications.

1 WHEEL LOADER DESIGN These larger classes of wheel loaders are a
familiar and much used support equipment

_ ) _for mine sites, assisting in everything from
Mechanical drive wheel loaders are found innfrastructure development to back up

many applications and sizes up to thgyroduction.
CAT994, (35 Tonne Payload), and Komatsu
WA1200 (38 Tonne Payload). (Anon 2012) & &g " "'g-"""‘fi?‘—?"ﬁg‘?&?

e
s l.:c
PSR "% S

1.1 Mechanical Drive Wheel Loaders

)\t b

Figure 2. Komatsu WA1200 36 Tonne
Mechanical drive Wheel Loader

Figure 1. CAT994 35 Tonne Mechanical
Drive Wheel Loader. All main functions of propel, steering and
load/unload cycles are powered directly from
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hydraulics, couplings and gear units to thevheel motors are used as generators, which
diesel engine. feed power back to the power control system.

1.2 Electric Drive Wheel Loaders

Electric Drive Wheel loaders are found in
high production mining applications, mainly
as primary loading tools. The size and clas
of this type of wheel loader starts at Joy
Global LeTourneau L-950, (25 Tonne s
payload), and ranges up to the L-2350 (7Figure 4. Electric Drive Wheel Loader
Tonne payload), which is twice the capacity_ayout.

of the largest mechanical wheel loader, and

has comparate payload to 40m3 hydraulic  This regenerated power is used to drive
shovels, (PC8000, EX8000 class). (Fleethe generator, which is directly coupled to
2012) both the diesel engine and the main hydraulic
system. As the regenerated power drives the
generator, there is no load on the diesel
engine, and fuel supply is cut off. This is the
basic design feature which significantly
reduces fuel consumption of this type of
loading tool.

Electromagnetic primary braking reduces
maintenance time and replacement costs
associated with mechanical disc brakes.

As the wheel loader has independent four
wheel drive, power and speed are controlled
to each wheel, which allows power to be
reduced to any individual wheel which starts

d : . . to slip, regaining traction. This prolongs tire

72 Tonne Wheel Loader. correct individual wheel speed when turning.
(Fleet, 2012)
1.2.1 Design Features An electric drive wheel loader can

fcontinue to perform its function if one of the

The most significant design feature o heel motors fails. allowing for reduced. but
electric drive wheel loaders is electric power" < lis, allowing uced, bu
continued production, and the ability to

:gggl?;égtlc()glégghé%hlzl)s captured and fuIIypropel back to the maintenance location,

The main drive diesel engine is coupled!Nder its own power, when replacement is

directly to a generator, which provides thereadY'
electri)é powergto operate the Ioa?zler. This system has stepless forward and

Each uheel is mouned on an indidafSLEES, POPEL TSGR o resd, o
wheel driver assembly, consisting of amechanical arts allows for less maintenance
planetary transmission and electric motor. P

The loading cycle consists of propel toand higher availability than mechanical

bank, dig, reverse propel, propel to truck ofaseéd systems. This also allows for
hopper, dump, and propel back to start o |g_n|f|cantly !ess consumption of lubrication
cycle. At each point in propel, the loader 4idS: mal:|r|1|g ¢ It dalmt alltogether more
consumes fuel on acceleration, and at stea@‘é'lm':men a yt riendly oo.b N be
state. However, on deceleration, which is = cctic Mmotors —aré — brushiess = DL,
done through electromagnetic braking, thdequiring no maintenance, other than bearing

4
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change out at defined intervals, and operat@0% Operator Efficiency
on the switched reluctance principle.

Wheel loaders do not require ancillaryEquation 1. Loading cycles
floor clean up equipment, as they can

perform this exercise themselves. (Ozdogan, 2
2012) L=
2 PRODUCTIVITY N = Number of Loading Cycles

P, = Truck payload (Tonne)

Wheel loaders are highly flexible tools, P = Wheel Loader payload (Tonne)

allowing for the quickest relocation. They
can be the first loading tool to the digging 6KJJA
face after a blast, ensuring quickest restart of {S— J‘ uauy Lv 2=00
production, and can be quickly deployed to ty 6KJJA

alternate selective and material

operators to minimize travel distances

forty seconds, and a few seconds longer for
mechanical drive wheel loaders in the same

91 Tonne payload truck
3600 Seconds in one hour

blendlngE ] .
requirement locations. quatlon 2. Time to load truck

Standard track mounted production tools

such as Rope Shovels and Hydraulic 6 L 0 H&E &

excavators, have a revolving upper structure,

and only require relocation when the material T = Time to load truck (Sec)

to be excavated is out of reach. This typically T, = Time for individual load cycle (Sec)
leads to sub thirty second load cycles for T, = Time for truck spotting (Sec)
smaller class equipment and sub thirty five

second cycles for larger equipment. 6 LVHUr OA?EvrLswr OA?
Wheel loader performance relies more on

(Fleet, 2012). Well trained operators can Equat|0n3 Trucks Loaded Per Hour
achieve thirty second load cycles on wheel 5
loaders, with a more typical figure for OgL—=H &
electric drive wheel loaders of thirty five to 6

N, = Number of trucks loaded in one hour

application, due to mechanical performance. g” = Seconds W;f_cne hour

(Klink 2012) . = operator Efficiency

Rope Shovels and Hydraulic excavators UXTT OA?

have more digging power than wheel loaders . )

due to their weight and design. Each Oo L SwWr OA’Ia{ Ltsax 6NQ?GO
equipment type has its suitable application.

In adequately blasted, or free diggingEquation 4. Hourly Production

applications, electric drive wheel loaders can

offer competing productivity, at lower total 253L OgH 2

cost than diesel powered hydraulic

excavators, by using a larger capacity wheelp,, = Hourly productivity (Tonne)

loader to make up the productivity gains lost

by cycle time. (Anon, 2011) sa{xx 6KJJA
25sL tséax H {s 6K N
Example 1. Productivity Q

15m3 Hydraulic excavatofr 27 Tonne Example 2 Productivity
19m3 Electriadrive wheel loader
34.5 Tonne wheel loader payload
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91 Tonne payload truck

3600 Seconds in one hour Hourly Production
90% Operator Efficiency Use equation 4.
. tatxx 6KJJA
Loading cycles 2DN Ltva{H({s 6 KON
Use equation 1.
{s 6KJJA axvLu 2=00 In this illustration, a 1&* payload,
uvaw 6 IJ'JTJ A electric drive wheel loader, is equally as
productive as a 15m3 hydraulic excavator
Time to load truck with similar production availability. (Binns,
Use equation 2. 2012)

The capital purchase costs and life

6 LuHuw OA? EvrL svw O&Rgpectancy are similar. The advantage of
electric drive wheel loaders is seen in the

Trucks Loaded Per Hour operational costs, which are presented in the
Use equation 3. next section. (Blnns, 2012)
g A 21m3hydraulic shovel compared to the
UXrr 5A? 19m3 electric drive wheel loader will be

0D L

—SE,;a{ L ttau 6N Q?wm®ae productive if matched for three pass
svw .

loading, but will have a higher capital cost

i and higher operational cost per tonne loaded.
Hourly Production

Use equation 4.
tart{ 6 K 3J A3 OPERATIONAL COSTS

2DN L ttauH {s GK_J_J‘A_'Q_*K N Fuel consumption is a major cost for all
diesel powered loading tools, compared to

Productivity Example 3 electric powered equipment such as rope
shovels, and to a lesser extent electric
21m3 Hydraulic Excavator powered hydraulic shovels.
38 Tonne wheel loader payload Fuel consumption is minimized on electric
91 Tonne payload truck drive wheel loaders through efficient use of
3600 Seconds in one hour regenerated energy. Mechanical systems
90% Operator Efficiency waste this potential energy saving through
heat in friction disks for braking.
Loading cycles Brake Specific Fuel Consumption (BSFC)
Use equation 1. is a measure of fuel efficiency within a shaft
reciprocating engine. It is the rate of fuel
{s 6KJJA consumption divided by the power produced.
0 LWJ IJAa u{Lu 2=00 It may also be thought of as power-specific

fuel consumption, for this reason. BSFC
allows the fuel efficiency of different
reciprocating engines to be directly
compared.

Time to load truck
Use equation 2

6 LuHur OA? Evr L sur OAEquation 5 Brake Specific Fuel Consumption

Trucks Loz_aded Per Hour $5(% (o1 %
Use equation 3. E
P = Power produced in kW

uxrr 5A? ; C: = Fuel Consumption
0D bL———Hra{Ltva{ 6NQ?GO (L/hour @ RPM for stated power)
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Ds = Fuel Density at 39% Average Cycle Load = 81 Iph
Over 5000 hours = 405,000 litres

A typical value of fuel density is Fuel Consumption

854g/liter. (Range 849-960g/)

_A typical BSFC value for mining duty  showing a 310,000L fuel saving for the
diesel engines in loaders, excavators angame production, over a 5000 hour / one year
trucks is 200g/kW.hr. (Range 180g/kW.hrperiod.
for highly _e_ff|C|ent engines to 250g/kW.hr Major engine overhauls are typically
for less efficient engines) based on fuel consumed.

Transposing the formula to give max fuel \ynjle life-to-overhaul can be expressed in
burn at 100% engine load, on typical BSFC. hours, some diesel engine manufacturers

o prefer to focus on average design life-to-
L $5(% H 2 overhaul in terms of liters of fuel consumed
& as a more accurate measure which better
, reflects high engine load operating factors.
Example 4. Fuel consumption at 100%pepending upon duty cycle, the average
Engine Load design life-to-overhaul for a 2MW mining

Engine Power = 940kW @ 1800RPM  duty engine exceeds 3,785,000 liters of fuel

BSFC = 200g/kW.hr consumed and for 1.5MW this is 3,312,000

Df =854g/L liters. (Cummins, 2008)

Electric drive wheel loaders having fuel
saving technology, provide major engine
overhaul at over 20,000 operational hours.

Fewer mechanical parts on an electric

A typical electric drive wheel loader hasdrive wheel loader, result in reduced parts
an average engine load factor of 39%(Fleeind Ilubrication usage and reduced
2012), compared to 60%+ for mechanicamaintenance costs.
systems. This is due to regenerated power
being fed back on electric drive whee_:l4 MAINTENANCE
loaders, and used to power the units
hydraulic systems. On power regenerationCritical components to maintain on an
fuel to the engine is cut off, resulting in theelectric drive wheel loader are the engine,
significantly lower average engine loadtires and hydraulic systems. (Fleet, 2012)

%

trrH {vr

factor.

Tire life can be extended with use of tire

Fuel cost comparison of a typical 15méchains. (Ozdogan, 2012)

Hydraulic shovel versus 19m? electric wheel Engine,

hydraulic and welding

loader, as described in the productivitymaintenance requirements are similar to any

details on previous page.

Hydraulic shovel 15m3

Engine Power 940kW@1800 RPM
Fuel Consumption:-

at 100% Engine Load = 220 Iph

at 65% Average Cycle Load = 143 Iph

Over 5000 hours = 715,000 litres

Fuel Consumption

19m? Electric Drive Wheel Loader
Engine Power 899kW @ 1800RPM
Fuel Consumption

at 100% Engine Load = 208 Iph

other hydraulic excavator or mechanical
wheel loader

Switched Reluctance wheel motors only
require new bearings on high hour overhauls.
(Fleet, 2012)

Modern electronic control systems on
electric drive wheel loaders provide a stable
electrical maintenance platform.

As primary loading tools, electric drive
wheel loaders are equipped with full service
operational and maintenance trouble
shooting controls systems, to assist with
productivity and maintenance management.
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5 APPLICATIONS

Electric drive wheel loaders have slightly
lower breakout forces than hydrauli
excavators, and they do not have an option to
act as a back hoe.

Electric drive wheel loaders are used
around the world as primary loading tools in
high production mines, covering iron, copper
and gold ore, as well as in hard overburden
and coal removal applications.

The flexibility that a wheel loader offers,
makes them ideal for selective mining and
blending operations.

6 CONCLUSIONS

Electric drive wheel loaders make use of
technology to provide more economic and
reliable production. Capital costs should be
considered against the operational costs,
specifically fuel consumption, and the
productivity potentials for the equipment. An
electric drive wheel loader, 5m?3 larger than a
hydraulic excavator can provide the same
production as that hydraulic excavator, at a
lower cost, and provide a fully flexible
primary loading tool.
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Gold-Mining and Ornamental Stones Quarrying The Wadi
Hammamat, Ancient Egypt. Geological Framework and
Techniques

M. Coli & M. Baldi
Dip. Scienze della Terra, UNIFI - Italy

ABSTRACT In this paper we outline the cultural and technimaitext and the geological
framework of the outstanding gold mining and prized oeratal stone quarrying activities
which were carried out in the Wadi Hammamatalley of the Bathg in Ancient Egypt.
Quarrying and mining remains preserve traces of man'witgctind of technical skill,
therefore they represent “landscape archives” and vaualitural heritage sites where the
traces of work, technology, organization and social ke be studied in order to hand them
down to posterity and open a window on an anciemdy@lmost unknown to most. The
results of our survey confirm the correctness of ancierbgeal knowledge as shown in the
famous Turin Mine Papyrus, and in general highlight adganowledge of the territory, such
as the role played by the geological setting in ghongg materials and driving the extraction
techniques, both in the Pharaonic and Roman periods.

1 INTRODUCTION The study of the historical quarrying and
From ancient times until today the use ofmining sites highlights the diffusion of a
natural stone and mine resources has beershared basic knowledge among ancient
main element for human activity. Historical civilizations and the fact that technologies
extraction sites have been lately described agere strictly linked to the social and cultural
“landscape archives”: sites or areas wheraspects of each population.
the traces of work, technology, organization At the same time these recent studies
and social life are preserved and where thegutline both a good knowledge of the
can be studied in order to hand them down tterritory and of its geological setting which
posterity and open a window on an ancientvas used at the best in developing the right
world, almost unknown to most. exploitation techniques. That  was
In the last decades there was a renewaghrticularly true in Ancient Egypt (Arnold,
interest for ancient quarry and minel991;Aufrére 1991).
exploitation in the scientific community, The Wadi Hammamat represents a
public administrations and in the area of thélandscape archive” where it is possible to
cultural tourism. Several cultural activitiesstudy the ancient quarrying and mining
have grown based on a rediscovery angrocesses and the social and geological
reappraisal of ancient quarries and mineknowledge context in which these processes
such as the creation of eco-museums anghere developed.
other didactic activities at various levels. Previous studies (Ortolani, 1989; Arnold,
1991; Klemm & Klemm, 1993/2008; Meyer,
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1997; Aston et al., 2000; Klemm et al., 2001§highl_ighted) in the Eastern Desert Ridge
Sidebotham et al., 2008; Harrell & Storemyr (modified from Fowler & Osman 2001).

2009; Bloxam, 2010), and common . )

knowledge, were taken into account in order 'he Precambrian outcrops in a broad
to create a general historical, social andtructural high which is bounded by
economic framework for our research, and-retaceous to Miocene continental to
also to date quarries and mines and storallow-water formations on both the east
working technologies (Bessac, 1986; Herz &and west sides, Holocene continental
Waelkens, 1988; Rockwell, 1990; Waelkengleposits are present in the Nile Valley and
et al., 1992; Bessac, 1993, 1998; Bessac 8 the Red Sea coastal plane (Said, 1962;
al., 1999; Matthias, 2002; Giampaolo et al.Said Ed., 1990; Tawadros, 2001; Sampsell,
2008). 2003). In the core of the ridge, south of the

relationships between geology, quarrying’Vh_”e the Meatig Dome lies at its north
and mining activities with the aim of (Eliwa et al., 2006).

recovering ancient excavation techniques. I the Wadi Hammamat area, where there
In our fieldwork, we performed a field are wlth the most important historically
survey of the whole area, all the date£Xploited  natural resources, there are
referring to quarrying and mining activity outcrops of the clastic deposits of the
were implemented, by means of a Palm-Pdjammamat Group, of metabasites of the
in a GIS, based on Google Earth® imagesth'O“t'C Melange and of granitic bodies.

with the GPS position in WGS84 coordinate The Hammamat Group is intruded, and
system. ocally contact metamorphosed, by the

younger granite bodies, as the Um Ba'anib
and the Atallah felsic plutonic complexes,
2 GEOLOGICAL CONTEXT intruded until about 550Ma (Akaad &

In the surveyed area (Fig.1), the PrecambriaNoweir, 1969; Essawy & Abu Zeid, 1972;

basement, igneous and metamorphic rocks afnzog & Kurz, 2000; Eliwa et al., 2006) and
the Neoproterozoic (1,000-542Ma) Arabianthe Um Had granitic pluton (Akaad &

Nubian Shield, outcrops all along the MiddleNoweir, 1980). Faults and dikes, related to
Eastern Desert Ridge, below the Mesothe late granitic intrusion, cross-cut the older
Cainozoic sedimentary cover. metabasites and granites.

The Hammamat Group was deposited in a
major fluvial system of continental
proportions (Wilde & Youssef, 2002)
developed in fault-bounded basins formed
due to N-S to NW-SE directed extension
(Abdeen & Greiling, 2005).

The Hammamat Group is subdivided into
two formations: the upper Shihimiya Fmt.
and the lower Igla Fmt.. The Shihimiya Fmt.
comprises, from top to bottom, the following
members: Um Hassa Greywacke, Um Had

gy = s Conglomerate, Rasafa Silstone. The Igla
B i Bl bt Fmt. is composed by arenites,

S BT posremrcsas g T brutias conglomerates, wakes and red-purple to
- § -~ Lo Be'adh oerosion brick-red haematitic siltstones.

The Hammamat Group (Akaad & Noweir,
1969) consisted, originally, of immature to
sub-mature interbedded sequences of

) [ — [ J——

m -

- e

Figure 1. Geologﬂcal sketch map of the are
the

surrounding Wadi Hammamat?nudstones, siltstones, quartz arenites,

10
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greywackes and conglomerates that belong According with the reconstruction by
to the molasse facies; the sedimentaridarrell & Brown (1992), we georeferenced
succession is up to 4,000m in thickness anthe Papyrus map on Goodiarth® images
aged to 616-590Ma. (Fig.2).

The geological texture of the Hammamat
Group characterizes and gives prizes to t
ornamental stone here quarried.

Lamination and bedding structures ards
well-developed in the metasiltstones anggss
metagreywackes, they resemble alternatirgése®
parallel laminae and thin beds (up to 10cr| #&
thick) of darker and lighter material of [#%
different grain size in matrix or not. &
Metasiltstones and metagreywackes arf
much more abundant than| &
metaconglomerates, these last are fi

grained and exhibit a variety of coIors:Figure 2 Harrell & Brown 1992

greenish-grey, dark-grey, brown, and bricky,iernretation of the Turin Mine Papyrus

red, cross-bedded layers of metagreywac%

. X referen le Earth® im h
can reach up to 40m in thickness. Th eoreferenced oGoogle Earth® imagethe

| X J olours correspond as reported in the
metaconglomerates are massive and Poori, s and result consistent with the main
sorted, and composed of oval, rounded a”&eological units
sub angular rock fragments from a few to '

15cm in diameter, cemented by a finer rpa¢ reguited very fruitful for a fieldwork
greenish-grey to brownish matrix. Thepaseq on WGS84 GPS data. The Papyrus
pebbles are of various rock types, including;p,ovs  some coloured areas. which

volcanic rocks, granitoids, and reworked,e.qrging to the reconstruction by Harrell &
fine-grained sedimentary rocks. In the Wadig,on (1992), well fit with the main

30% mafic rocks, 25% granodiorite. 25%’5eological units, and for this reason the

intermediate volcanics and 20% felsicggg%r;iiaﬁﬂagﬁnct%gsﬁgrﬁd to be the oldest
volcanics (Holail & Moghazi, 1998). '
The first modern geological map of the
Wadi Hammamat area, surveyed at the scafe GOLD-ORES AND MINE
1:40,000, was done by El-Ramly & Akaad EXPLOITATION TECHNIQUES
(1960), the area was then mapped by Akaadold in Egypt occurs both in alluvial placers
& Noweir (1978) at the scale 1:50,000 ancand in primary ore bodies in quartz veins
with @ much more geostructural detail by(Klemm et al., 2001), like in the Wadi
Fowler & Osman (2001). However, beforeHammamat area. Quartz veins intruded into
all these studies, the “geology” of the Wadithe surrounding rocks during the latest
Hammamat area was also reported in lutonic activity of the Um Ba'anib and
papyrus scroll, now displayed in theAtallah plutons.
Egyptian Museum in Turin (ltaly) and Early techniques consisted in making a
known as the “Turin Mie Papyrus”. The fire against the rock outcrop in order to heat
Papyrus dates back to the reign of Ramessg@s up, and then douse it by cold water
IV (20" Dynasty, New Kingdom) and (Ogden, 2000; Klemm et al., 2001). The
probably was drawn by the scribesudden change in temperature crumbled the
Amennakht during one of the quarryingrock revealing the presence of gold; this
expeditions to the Wadi Hammamat orderedechnique was used in open-cast trenches
by the Pharaoh (1,153-1,147 B.C.). following the quartz veins along the surface.
The rock was then powdered and ‘washed’,

11
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exactly as it was done with alluvial gold.but also paupers, often with their entire
(Vercoutter, 1959; Ogden, 2000; Sidebothanfiamilies - for the rough excavation and
et al., 2008). Thanks to newer excavatiotransport work and for milling and washing
techniques, which were performed usinghe ore, guardians, a few skilled free workers
copper, bronze and later iron tools,to maintain control, choose the rock and melt
Egyptians were able, from the Late Newthe gold, officials, and at least @obator
Kingdom (Ogden, 2000; Klemm et al., 2001;(geologist) for managing the mines and the
Sidebotham et al., 2008), to re-open thgold transport.

previous abandoned mines digging shafts

horizontally or diagonally into the sides 0f4 ORNAMENTAL STONES AND
mountains foIIowing the quartz veins EXPLOITATION TECHNIQUES

(Fig.3). _

In the Wadi Hammamat area there were
located the quarries of four prized
ornamental stones:

1 - Bekhenstone

2 -“Breccia Verde Antica”

3 - Wadi Umm Fawakhir granite

4 -“Serpentina Moschinata”.

All these stones were prized ornamental
stones that impressed anyone with wealth
and power (Coli & Marino, 2008), too
valuable for common use, and therefore
reserved for public and propaganda
purposes.

4.1 Bekhenstone

Thebekhenstone (as it was called in ancient
Egypt) is the famous dark grey/green
ornamental stone formerly called Basanites,
Lapis Basanites - probably from the same

Figure 3. Main shaft of a gold mine
following a mineralized quartz vein.

In order to maintain_ stability, the shafts
had the entrances reinforced by dry-ston ncient Egyptian E[Q Harrell 1995)

walls and platforms at various levels to help(http'//www museo.isprambiente.it/schedeM
in raising and lowering workers, baskets,appa' Daqe’?'docld:'m? .

tools, and ore. The analysts of the XIX century could

The organization of mining operations
during the Ptolemaic period, Il Century B.C.oruf, 0t b i o know the
was described with full particulars by a

érovenance, and because of the minero-

Greek author, Agatharchides of Cnidus, a ; "

recorded one century later by the historia aeg]oglgergpr:;]ce ngsps?ﬁgélorlhe% atgea :t%?:?al

Diodorus SiculusHibliothecaHistorica, Ill, & bles, y < P

. . . “type of basalt”. Subsequently, when a

12-14; for the text see point 12, 13, 14 at: LA .

http://penelope.uchicago.edu/Tha er/E/RomSlmllar type of basalt (typical from hot-spot

an?T'egts/Dio?jo.rus Sicqull.JS/3A* ht\";m source) was found, it was called Basanite.
7 But Basanites bekherstone is a

Sit-légefi'?\ggggggyl\s]vimehglggzcﬁggoieg:‘etrﬁ:trgominental clastic sedimentary rock, only
locally  metamorphosed by  contact

ha_:_?]:tndgrr]lé?;]%tr). anization of the minin metamorphism due to plutonic intrusions,
9 J Ywhich was derived from the dismantling of

WOI’k. implies a whole chain of Org"’.‘n'ZEdmainly basic rocks, and also old granite and
staff: many slaves who were either PriSONers, onate ones.  so that the minero-

of war or convicts (lamnata ad metalld,

12
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petrographic assemblages are the sammmps and sledge-ways for handling blocks

though the geological origin is totally and setting up new logistics.

different. Most recently Spencer (2011) reports the
Therefore for this ornamental stone theinding of “four hitherto unknown Early

name Basanite has been dismissed and nddynastic quarries located at high elevations

the original name is usedyekhenrstone. on the Bekhen Mountain”.

During our field work we surveyed several Quarries were opened in the main natural

quarries that exploited theekhenrstone. outcrops, on the cliffs bounding the wadi.
Quarriers used the three sets of joints (Fig.4)
4.1.1 Geology as preferential surfaces to dismantle the

rock-mass into blocks and then let them fall
own the slope to the wadi floor.

In the Wadi Hammamat, thbekherstone
outcrops for about 2km, corresponding to the
Um Hassa Greywacke Member of the
Hammamat Group and consisting of (Aston|
et al. 2000) dark greenish-grey to mainly g
greyish-green, medium- to very fine- S
grained, occasionally pebbly, chloritic =
greywacke, mainly composed of fine to very s
fine sand grains (0.06-0.2mm) and dark-§
grey-green, basalt-looking, siltstone. Thisf
last lithofacies outcrops mainly in the
eastern side of the quarry area.
The grains are mostly quartz, with minor
oligoclase-andesine plagioclase and felsic tq#
intermediate volcanic rock fragments plus
rare muscovite. The matrix is composed b —

chlorite and sericite plus minor amounts Ofgioe- the three almost orthogonal joint sets
epidote and calcite. The layering dips 45 hich' were used in order to dismantle the

towards the east.
The bekhemstone  rock-mass presenterCk and collect cut blocks down-slope.

three joint sets: two vertical, at about 90°
and trending around E-W and N-S

respectively, and one sub-horizontal, theanq0rted down-slope, a block of stone the
joints are up to a few meters spaced so theypi ™ size for the ordered statue or
delimit natural blocks up to a few cubiC ga0qohagus. According to an inscription,
meters in volume. Meri, the leader of a quarrying expedition in

) the reign of Amenemhet Il (ca.1,810 B.C.),
4.1.2 - Quarrying in order to keep the stone blocks intact

The slopes of the wadi are generally covereflown-slope, built the first inclined plane
by debris, therefore we can suppose(sledge-way) to slide the blocks down
according to the general geomining(Montet, 1959). The Romans built a very
concepts, that the first quarries were opene@ng sledge-way in order to bring down
in the lower outcrops at the base of thélocks from a quarry opened up in the slope
slopes. When the highness of the quarry facé9.5). _

made further exploitation of the quarry In order to dlsmantle_ the rock-mass and
difficult, in combination with the difficulty ~dress the blocks, quarriers used handspikes
posed by overhanging debris, quarrier®f stone and Igter copper, bronze and iron
moved the quarrying activity to an uppertools and chisels, and wood hammers
outcrop, creating access with tracks andHarrell & Storemyr, 2009).

One of the main problems was to
dismantle, but keep intact while being
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4.2 Breccia Verde Antica

Breccia Verde Antica (breccia verde
d’Egitto) was for the Romans Lapis
hecatontalithos but also Lapis
hexacontalithos (Lazzarini, 2002)
(http://www.museo.isprambiente.it/schedeM
appa.page?docld=381

S . o We numbered two quarries of “Breccia
e e RS Verde Antica”.

-~ .
Figure 5. General view of the main Roman
sledge-way driven above the ancient quarrie$.2.1 - Geology

of thebekhenstone opened at the base of th

$Breccia Verde Antica was quarried from the
slope.

Um Had Conglomerate Member of the

.Hammamat Group, it is a dark-, purplish-

Then, the collected blocks were dressed in ; ; ;

. ' . . . 'and greenish-grey to mainly greyish-green,
situ to the right size, because the Iayermg:h'or%c siltstc?ne?/ with a ¥e\?v K’;\yerg of
represents a natural surface of weakness, t dding (Harrel et al., 2002). This last is a

hand worked blocks could break during th last-supported pudding with greenish
dressing. - hloritic matrix (locally reddish), silt-

The hand worked blocks were not f"“Sheérained, with a few levels of well-rounded
or polished, usually these actions wergp spherical pebbly to cobbly (until 25cm
completed only at the final destination, sq diameter) clasts of many different
that the finished surfaces were not damagqahologies (granites, limestones, meta-
during the transport. basites, chert, ...) andolours (white, pink,

red, yellow, brown, green and grey).

4.1.3Use The pudding layers have a bimodal
The bekhenrstone is a beautiful grey/greentexture, with the pebbles surrounded and
ornamental stone prized for all kinds ofsupported by a coarse- to very coarse-
artistic production. It was already quarried ingrained sandy matrix with chlorite, sericite
the Predynastic period (Nagada | e Nagada find epidote plus minor amounts of calcite
- Lazzarini 2002), and a large number oftnd iron oxides. The two main pudding
artifacts inbekhenstone have been found in layers are up to a meter thick, and both were
pyramids, tombs and temples, many ancierffudried as “Breccia Verde Antica”.
Pharaohs having had their sarcophagus made The lithological layering dips of about 45°
with bekherstone (e.g.: Unas, Teti, Pepy |,lowards East and represents a natural
Merenre - Old Kingdom) (Aston et al., discontinuity. o
2000). The statue of Darius in Persepolis The pudding layers are cut by two joint
was made obekherstone, and the Romans Séts which lie at about 90° to each other, and
largely used thebekhemstone both for trend around E-W and N-S respectively,
mediatic purpose and for the production ofying ~ normally  to  the layering.
bowls, statues and sarcophaguses, until tHdiscontinuities are spaced a few meters apart
11 Century A.D. (Borghini, 1989; Lazzarini’ and delimit natural blocks some cubic meters
2002; Giampaolo et al., 2008). in volume.

The quarries were still being worked
during the late Roman times, but with the4.2.2 - Quarrying

decline of the Empire the request BkneR 5 rrjers used the natural discontinuities as
stone diminished: many blocks still lie jreferential surfaces to force the block to fall
abandoned along the wadi. down, therefore the two quarries were

opened on the northern wadi side where the
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two main pudding layers met the wadi with abelonging to Ramses Il is considered to be
down-slop dip, because this setting fosterechade of “green conglomerate”, and the
a “controlled” slipdown of the extracted sarcophagus of Nectanebo Il as well (both in
stone-blocks. the British Museum) (Aston et al., 2000; De
In one of the quarry, probably worked outPutter & Karlshauseri,992). “Breccia Vede
by the Romans, an undercut technique wa&ntica” was used by the Romans to make
used which led to a general rock-fall of amany beautiful bowls and other objects, the
huge mass of the pudding layer down intonost outstanding ones being the column,
the wadi bottom. made by the order of Emperor Justinian (VI
The fallen blocks were up to many cubicCentury A.D.) for the church of San Vitale
meters in volume and therefore were latem Ravenna (Italy), where it still is, and three
cut into smaller blocks dressed to the righbther columns in Rome (Borghini, 1989;
size. In order to reduce blocks to the righHarrel et al., 2002).
size a line of wedge-shaped holes was
chiselled, and then subsequently iron wedges 3 Granite of the Wadi Umm Fawakhir

were inserted into the holes and hammered . )
until the block split along the line of holes Close to Bir Umm Fawakhir there are some

(Fig.6). small granite quarries.

4.3.1 - Geology

The granite is actually a mainly a pinkish-
grey, coarse- to mainly medium-grained
granodiorite referable to the older granitic
complexes. The granite is massive, affected
by two sets of sub-vertical fractures N-S and
E-W trending, respectively. These fractures
can be grouped into bands with fractures up
to a meter wide or can be scattered and
spaced some meters wide; flat lying joints
(Closs, 1922) are also present. The granite
surface is fresh to slightly weathered mostly
along the fractures (Thuro & Sholz, 2003);
according to its natural discontinuity all the fine particles had been removed by

network, the fallen blocks were subsequentl)}’:\/(')r:éj sgg erslgrfg”;rleasrgr?t amounts of residual
dressed to the right size. P )

e »~ ) SR ':' 2 ..‘1?‘-{.‘
Figure 6. The main quarry of “Breccia Verde
Antica” the outcrop was dismantled

Wedging was used for rough splitting,4-3-2 - Quarrying

but, for a more controlled cut, quarriers used’he quarriers used boulders and cobbles or,
the “pointillé” pits method: a straight line of due to it massive setting (Fig.7).

small, shallow pits was chiselled across the

block surface, then quarriers inserted speci
short chisels along the pits and hammere
them back and forth until the block split
away (Harrell & Storemyr, 2009).

4.2.3-Use

In the Pharaonic period the Breccia Verdd19uré 7. The main of the small granite
Antica was seldom used: the fragment of th@uarries at Bir Umm Fawakhir.
head from the lid of the inner sarcophagus
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The granite was cut by means of lines oWvarieties of this serpentine were quarried
close spaced large wedge shaped holes infdston et al., 2000): variety 1 is grayish to
which were hammered iron wedges to spligreenish with black veins or patches, it is
the rock into blocks Boulders and blocksmainly a fine grained antigorite with rare
were sized to the final shape, but nothrisotile, lizardite and scattered veins of

finished. dolomite, plus  accessory  minerals
(magnetite, talc and tremolite). Variety 2 is
4.3.3 - Use mostly black and speckled with grey and

. . . rown grains with a matrix of antigorite in
Th:js I?ranl'E[e was usle(%I by thle Romands ".‘”theﬁwsh structure with iron oxide grains
and {1 centuries only 1or columns and pillarSiesempling olivine crystals and scattered

and for tiles, and can be found in Rome ;

. ; o pseudomorphs of pyroxenes. Black veins of
Verona, Venice (St. Mark's Basilica), magnetite are particularly evident.
Pompeii, Herculaneum, Leptis Magna,

égggﬁma, Tyre (Borghini, 1989; Lazzarini, 4.4.2 - Quarrying

The buildings of the local settlements areBrown & Harrell (1995) report a partial
made by cobblestone and small bouldergestruction of the quarry due to a recent
(“collection and usg”Coli & Marino, 2008) quarrying activity, but the scarce remains of
of the local granite debris and regolite whichRoman buildings are still present.
were abundantly lying on the neighbouring
ground. From our field observations itg SETTLEMENTS
appears that this granite was used locally

b .
the Romans/Byzantine for special structura%'ong the whole Wadi Hammamat area there
purposes like bars, tiles, lintels, jambs. are remains of settlements connected with

quarries and mines, the settlement housed
. . the people and were also the places where
4.4 “ Serpentina Muschinatd the gl;)oldl?ore was worked. P

In a tributary of the Wadi Umm Esh, close to Ruins of little settlements are close to the
its confluence with the Wadi Atallah, the Bekherstone and “Serpentina Moschinata”

Romans opened a quarry in the locabuarries, ruins of several little settlements

serpentine, the ornamental stone that is alsare preserved in the Wadi Atallah and Wadi
known as “Marmoverde ranocchiabr Lapis el Sid, close to mine and quarry sites. The
Batrachites (Borghini, 1989; Lazzarini, main settlement was Bir Umm Fawakhir

2002) (Meyer, 1997, 1998; Meyer et al., 2000,
(http://www.musnaf.unisi.it/dettagliomarmi. 2011).
asp?param=2&idnazione=5&id=1765 According with Meyer (1997, 1998) these

The Serpentina Moschinata was commonlgettiements housed about one thousand
used from the Predynastic period to the Neweople in Byzantine times, mainly
Kingdom and perhaps was partially usedadministrative staff and career miners with
during the Ptolemaic period, too (Aston ettheir entire families (Meyer et al., 2003).
al., 2000). Generally speaking, we want to highlight

The Romans used this ornamental stonthat also in the most remote quarry sites of
for tiles (Baia, Pompeii, Herculaneum,the Eastern Desert the Romans had a high
Rome, Leptis Magna, Cyrene, Cos) and foliving standard (Van der Veen, 1997; Meyer
small statues (Borghini, 1989; Lazzarini,et al., 2003).

2002). The settlement buildings are reduced to a
few basements of huts made up in stacked-
4.4.1 - Geology stone cobblestone and small boulders of the

local granite, at Bir Umm Fawakhir there are

This serpentine was part of the Ophiolite;i5q the remains of some working tools

suite of the basement core complex. Two
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(mortars and mills), made with the localTable 1. Tolls due in the year 90 A.D. along

granite (Fig.8). the Koptos-Quseir route, this table gives an

insight to the good values of those time. To-

day a Dracma can be evaluated around 400
Euro, but this correspondence do not take
into account the present economic values of
the goods.

KHOPVPHQ GUDFKPDV
VHDPHQ GUDFKPDYV
VKLS\DUG KDQGYV GUDFKPDV
VNLOOHG DUWLVDQV GUDFKEF
ZLIH RI D VROGLHU GUDFKPI
PRXQWHG KHDG RI KRXVHKROG
DOO KLV ZRPHQ GUDFK|PDV H
SURVWLWXWH GUDHRKPDV
FDPHO RERO
GRQNH\ REROV
ZDJRQ GUDFKPDV
VKLS V PDVW GUDFK|PDV

.

Figure 8. The main mine settlement of Bir
Umm Fawakhir, with general view of the
central area and remains of a hand mill and
mortar made in the local granite.

vAvAvAvAw)

6 SAFEGUARD STRUCTURES

In order to safeguard the gold mines, the
guarries and the trades the Romans built
8 forts (raesidig and 65 signal towers
(skopeloj all along the Koptos-Quseir road
(Zitterkopf& Sidebotham, 1989; Sidebotha
et al., 2008). Forts, which were supposed t
have had each one a wetlydreumd, were
erected at a day’'s walk dé&ice away from ®
one another (about 20km). Eaphaesidium
hosted a garrison of about 50-70 Egyptia
auxiliaries and furnished rest and water t@E e
travellers, who had to pay a toll to pasy .
through (Sidebotham et al., 2008) (Tab.1}=
The garrison also supplied sentinels for th
signal towers and escort to travellers.

The praesidia are roughly squared wit
sides of about 40m to 50m and perimete
walls about 1,5m thick. Depending upon
location the walls were built of boulder and . . :
cobbles collected near the site, and of ston A chain of 65 signal towers (Zitterkopf &

; ~Sidebotham, 1989) allowed strict control of
slall:)s S'tz)-e % by workers, dry-stacked WIﬂ}hle whole road a)s theWtowersl, would have
soils as binder. !

For some main specific structuralbeen visible one to another so that messages

elements, however, like the door-posts of th«%omd be quickly transmitted by mirrors and

forts, the Romans used granite (Fig.9) thatod>’ fire signals would rarely, if ever be
we believe came fromg the éirg U)mm used (Sidebotham et al., 2008) (Fig.10).

Fawakhir quarries.

El Iteima
h praesidiummade with the granite from Bir

pmm Fawakhir, whose walls were built by
schists from the surrounding rocks.
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rediscover an ancient world, its social
context, organization, and land use as
developed through time by the numerous
Ancient Egyptian Kingdoms and the Roman
and Byzantine Empires.

The Authors thank Prof. Gloria Rosati
(Archaeologist, University of Firenze, Italy), for her
contribute and Prof. Daniele Castrizio (University of
Messina, Italy) for the evaluation of the present day
value of the ancient Dracma.
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IRQNVL\RQHO PHNDQL]PDODUG® Y H6GDW H B B WU Q HILUGHQL
GXUDNVDPDODUOD NDUGOODUOBEBERWPGIO Y H % R PEXQ/DNV
JHOPLG YHULOHU VLVWHPLQ [HQ QAN WKHSDUOD O DQIORN W
RQDUOP SODQODUBGQOQ L\LOHu\_z)/]Ll—LD.@LH\I-D/I-H.QX-ﬂD\\DUGORB
DUO]DODUOQ DVJIDUL VHYL\H\H oHANO®NQD
DQDOL]OHUL |UW. ND]O LuOHPIHLUQ.Q@SIBiUN(&)GODQIODDLQ\
NXOODQOOPDNWDGOU %X oDOODPINV YHMWHH PNOHEbIHILLQ \ £
EXOXQPDVO YH E[\OHOLNOH PID:N.IQQ QK BVD-SND>DY DV Hq Bl
LOHUPHNWHGLU dDOOUPD GkKLOLYGHIH O P ND Q W\ HV LG/
VOQOIODQGOUOOPOU JHQHO \HQEORPHY W « INKRLO DIGIQ®ID
KHVDSODPDODU® \DSOOPOuUWOU

$%675$&8\VWHPV DUH IXQFWLRQDO PHEKDR LWSH/F LU DRV M/
GHILQHG WLPH SHULRG 'XULQJLWKIH R-SQFFOVOIMRISUHIE! VAL
VKXWGRZQV GXH WR H[WHUQD 5 PWGRVBMFWQTE ERQNDL €
RI WKH VKXWGRZQV DQG WKHLUF\GXWERW LR DFH FDHS KOG
DPRXQWYV RI WKH V\VWHP GHWSBW YW KWMKHJ PWILE VG GDQFK
SHOLDELOLW\ DQDO\VHV HVSHFUDRBO\LBRG FRD @ VX PIFEHI
VXFK DV DHURQDXWLFV DQG LB BFIHQLW BN \HYED Y D WH FOPD P
LQGXVWU\ ZLWK DQ LQFUHDVLQWKMHIIRE® K RKRO RN XVER
UHOLDELOLWLHYV RI GUDJO L@ YWKWXEYMUWBPVU BQIGD ERO
UHDVRQ UHFHQW GDWD EHORQUHGJDWRRGEDQIODLWR W
UHOLDELOLW\ FDOFXODWLRQV BEADB SHBFRUPHG XVLQJ J
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2 *JOEDUO 1 'HPLUHO ' 7XQWHDQO 0 '+]J*Q 6 .H

*g5@U X\JXQ UHNLOGH oDOOuPDVDO\O
hUHWLP VLVWHPL LOoHULVLQG

$0ON RFDN N|P+U PDGHQFLOL-HQIGHL BDONTHUL ¢IQQ EHOL
oRN HWNLOH\HQ IDNW|U BbWDN@]D)PDRJUJQOD%‘DP@NWOODE
GROD\OVO\OD |UW+ ND]O PDHULPGMLGEIIN D Wy O ODELC
OHNPH NHSoHOL \HUND]JBHRDW®RN 0oDOJUPD PHYFXWWX
NDOOQOO+OQGDNL |[UWes NRWRPRUIEDAHQLGHRUDNBN® DN
\DSPDGDQ NDOGOUDELOPPNGHQLGHNINROWOED GHYU
DUDoODUOQD JHUHN GX\RHYOMQARGOQV KCRO DOW ELUL
Geu*N ELULP PDOL\HWLQHEX®KWSWLWDKEFPHMHPHWPH\H o
NHSoHOL |[UWes ND]O \|QWHRBIDUoDODUO NDI$ sULW HWPLUGC
RODQ |UWe NDOOQOONODW YW DGHY NNBERRWLNDLW I
\[QWHPGLU .[VH YH <DOAaODQDUODQD¥WEN NEXNNHSOHO
\[QWHP NDP\RQ YH HNVNDWDHWOIIUO LIKGMINDPAQRAOL oONI
DVJDUL VHYL\H\H LQGLUPHNVGOP DNOWOD NG |[QU§)QO EHOL
VeUHOHUL LOH \eNVHN *UHWDPDYDH}ODYRDNWDG QL 1 &LXQ J»
\HUND] uobuU DYDQWDMQDUQQ\@QPR\@HD@L OWOUmoONO
GH]DYDQWDMODUO GD o EPAOPOHOHRD N'W-DHEDO WD UD I
.X00DQOODQ \HUND]DUOBROARWURNOIDOPDERAGDQNDP\
ND\QDNO® GXUDNVDPDODWUPBMWULAEH GROUXGDXQ \DU
HWNLOHPHNWH NDU 0O OD OB IDNA [FVAINQ L NEDHAOD. UMY Bl R HAN

DUO]DODU \«NO+ PLNWDUGD PDGGL YH ]DPDQ
ND\EOQD QHGHQ RODELOPHINWHGHE Us363%0,SODQOQ0
GR+UXGDQ HWNLOH\HELOHQ E[\OH ELU PDNLQDGDNL
ROXUDELOHFHN DUO]DODUoCDQ)@QlPﬂ)QFDHIDFQ@ WEHNMBODW -«
HGLOPHVL YH EXQD ED+OO ERNXIP PIGHW oHNPH NHSOH(
RQDUOP SODQODUO ROXUNXURQPDOOHVLYEWERUOQC
YHULPOLOL+LQL D]JDPL VEYOHWEHOHWNNLORUXEXTQD ED
DoOVOQGDQ |[QHPOLGLU gu®@MWPHWNOP/GDQ«HVVHVHVL
Je*YHQLOLUOLN DQDOL]JOHWFDSEBN VYRHLYMHINWIUGH */g
ID\GDODQOOPDNWD ELU VIDV®HRLQ-JBoBINIKRFDR*NGOHW
YHULOHUL\OH JHOHFH=H «Y/@QWORIN - WADKBWQRQHY HNVNI
\DSPD\O VD-ODPDNWDGOU oXNPHPRAEBROIZ*-UNUWD]DUOD
|PeU gGdOHWPHOHUL .XUXPRXPRD-(E D+ XKD GURIEBL N YH
JLQ\LWOHUL zuOHWPHVLﬂQ—Q\l-VNDMZIDWulUJWHUm)[H]O
IDDOL\HWLQGH NXOODQOODRRUAINHNDGEW LuH MOPH NWW 8 GH O L
\HUND]DUOQ DOW VLVWHP DdLUYL QHH NODPLHVN B SYoHH@UO MM ON N |
WDKPLQOHULQL LOHUPHNWH&IL® SDQRODU |QFHGHQ HN
\|QWHPL\OH |uUwe ND]OVO \DS
0$'(1 0$.01%$/$5,1'$ PLO\R®+ RUOHWPH LPNk
*ho(le/e5/9. ROPDN <]JHUH PG B NFOG DR
\DSOOPDNWDGOU |PeU
**YHQLOLUOLN ELU <U*Q+*QoHNPHVNMWEPORQ LEH
IRQNVL\RQHO YH OoHYUHVHRQDNBRYXXPDWY LVDEU
]JDPDQ _ DUDOO+0QGD DUQODPRQRQQPDPD YD %X LN
EDGDUOVO] ROPDGDQ YHNBSAHEOID@RORDBEIPUD DLW
buPD RODVOOO- OGOLDUD%ﬁlQ\(g\zSINK_HJ.QQ.N DUO]ID
QDODUOQ \+NVHN RUWMUEDL MHOB@R O O\GIXV O Q
QOHUGH +UHWLPLQ WOUGrU*OHBLOLWRSODMH
POLOL=+L NXOODQOOMPBULR® PDNLADODVABQ@WRS
UOHQHQ V.UHOHU LoHYUMDLQG i HNFHWR X B O D
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23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

DUO]DODUOQ W-U-
JLULG 0®NOU WDUL
JHOHQ DUOID VvV
+HVDSODQDQ DU

DUO]DODU&F® DoONWDBDKOH WLGE B
KOHUL YHQEX H\PHU b R OB U PDODWHQ @S
VeUHVLQL HQHIHUWP H NWHHG ML QGH DD
} ]D VD\OQBUMOO YH V$SUBDHUYBUQOHU
\O0o0ODUD J|UH GD=+0O0OPDNLOINIDUOQI®W@]D o|]-PO}
LQFHOHQHELOLU 3DJH Lol®UH KHWHLNL PDNLQD\D DI
ODULRQ LoLQ LVH NDWDORJODUO GD WHPLQ HG
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UHNLO 3DJH YH ODULRQ D L6\@ YGO®DUD B UL 1$

d(.0( .(3d(/8 <(5.$=%5,1 NHSoHQLQ \XNDUO Dub+0 KI
$/7 6667 (0/(52 SDUoDODUO LOHUPHNWHGLU
ILILNVHO RODUDN JHUOHNOHI(
%eW+Q ELU VLVWHPLQ JeY HXWUXOIDO+X DO ¥ LWWHRHSoF
ROXUWXUDQ SDUODODUXRMX  NEH.SHHIH @O HWHQJH O L
J*YHQLOLUOLNOHULQH EDMNDODER®EPXVI@EDQH oHNLU Y
ELOHUHQOHULQ VLVWHPL@UEBYWQEGD LEOH-0QRW®O NXUL
ED-ODQWOOO0 ROGX=XQXQLQWH NDJONPD WBPHNEKOWLQL Y
GXUXPXQGD VLVWHPLQ SHRBIPORMDVODD VRHEYDBMD®Q HO
HWNLOHGL+LQLQ ELOLQPHVWIOHUHIUWHNIGHG+HUKBOJIH ELQ I

VLVWHP Je YHQLOLUOL+L oDODH@E RGO QG DG WL PW HWPRLIQD V |
0|]*POHQPHVL \D GD FIDGKWIHRQHURQKQDQ \*NH Y
EHOLUOHQPHVL 0oDOOUGPDQMQY YHQV PHHRQIH YWHD UIADN G H V' V
DuDPDVOGOU EXP <QLWHVL LOHULVLQGH

%X oDOOUPDGD oHNPH NHSBHONHBUNQLDQU \«Us\elG Y
ELULPOHULQL DOOUPD SADH@WLBQHRHN FELRDNLYIDOD

PD

Q o

SDUoD NDWDORJODUO L QE8IDHIQALQIG HYGIL UP DANLNLDQ D Q O ¢
EDGUOOFD \HGL E|O<PH D\U OKDRUHINHWI J %EXIQ ODDIOG MWD H L
*QLWHVL NDOGOUOUG *QLWEXDXRBYOHPRWRHV IMHQHUWD M
*QLWHVL EXP «QLWHVL NDUHEBNEWDNQYDWIOWL YRWRU
DNLQD GDLUHVLGLU dHNHOHRWVUHMDL\HENDIDOOQOQ
HSoHVLQL DQD J|YGHVL®BNG®RPB UXD loWHHN\HWUMQALWHVL C
ROPD LUOHPLQL JHUoHNCDIIHIN\NI:IUIRIHH\%[OQIG)L\DHDNIQDUOC
HNDQLN SDUoDODUO EDUEQGHBIUPOINWIMEOU|UBOERQRRA
QLWHVL LVH GROXP LUOHEEHOBOHEDODIQGONWDQ

p
N
G
p
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2 *JOEDUO 1 'HPLUHO ' 7XQWHDQO 0 '+]J*Q 6 .H

UHNLO dHNPH .HSoHOL <HUND]DUOQ $OW hQLWHOHUL

*h9(lo/o5/0. $1%/0=90 dHNPH NHSoHOL \HUNEL

VLVWHPOHULQLQ JeYH
dHNPH NHSoHOL \HUND]\D[DJSWIJ.Q)P![DJ\ILOQ@(DIQ |QFH |
RQDUOODPD] SDUoDODU GDYHBDUOKRGIOQ DUD RDHDAUHOMUINE L O |
ELU VLVWHPGLU %X VLVWHRIOHNIOARRREQLEBYHO YHIBHUC(
HOHNWULNVHO VRUXQODU V\/\}H)NSDU@I]DCDJDVJ@@DWMW(DJDUK-}@
HVNL D\DUODUOQD JHWILHVY@RRVLLoLAD GHGDR voiou
GH+LUWLULOPHVL \ROX\ODK\(S-F}M/CK\HM-MJEL{{]DLLDOU-P@HODV
LWLEDUL\OH ELU VLVWHPLGD-EPQOOGVOPEOHU 'NIRQGIUNDIND
ROXUWXUDQ DOW VLVWHP®HER®QYH]- Y[H@W(HUL(DGDWWLO(I-HULK\\CS
EXOXQXU %X DOW VLVWHFPJGDH/UH%DHOHDLWDI—E/IDN-IOGPN’@_]PR
LoLQGH RODELOLUOHU VHWX \SEUWQQO\UQOEX\QIUDJJOQ
ELUOHULPL 6HUL ED+00 VAXWHWPHWHLLR J E L WG UDHWR QN
VHUL GHNLOGH ED+O0O0 H¥HOLELUBMUMHOHILQL® YHUL
JeYHQLOLUOLNOHULQL GH?—\UD(LGIIIDWLIFR‘@NLOGWQ LQFH
VLVWHPOHUGLU %X VLVBEDHPEPNOLIQO+BIQUWL VLQBMNLOH
\DUDQDFDN DUO]D Ee- WQ(Q)DUO/U.R/N\M—CPQ.(}D \DUGOPF(
LUOHYVL]OHUWLUHFHNWLU WSHDV\WWMDOHIOD EQ@HWOFEHML YGWMW K
WDPDPHQ LUOHYVL]OHUPHVEYHQLQ@LUWOHNW -PQDOML Lol
ELULPOHULQ LuOHYVL]OHII]:(\}-D/[D_UO\D-IRD-ILI\V‘P(BHNWB{IGSNUO K8
UHNLO YGHQ GH LQFHOHQNHBHBOHBOH- A\HUNBIJDWERPWHUD]
NHSoHOL \HUND]DUOQ *QLWROBNUWHEMW BILUL@RAHNWMHG L L
KDOGH ED+ OO~GOU +HUKDQWDFEI]).PJO°IID(DW(BIKB\HD3Q-I\\,C-R[QQJD R
JHOHFHN DUO]D PDNLQDQOQ WDPLUDW VeUHVL
ER\XQFD LUOHYVL]JOHUPHVLQH \RO DoDFDNWOU
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23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

3DJH 7HUD]L hQLWHVL

,
|

“|JOHP

OHG\DQ HWUDIOQGDNL WHNUDU VD\P $aD+0O YH\D \XNDUOGDNL WHNUDU VD\PVO
%HNOHQHQ WHNUDU VD\OVO %HNOHQHQ WHNUDU VD\OVO
OHG\DQ HWUDIOQGDNL HQ X]XQ WHNU $aD+0O YH\D \XNDUOGDNL HQ X]XQ WHNUDU
<DNODUON 3 'H+HUL .+PHOHQPH <DNODGON 3 '"H+HUL (=LOLP
<DNODUON 3 'H+HUL .DUOUOP <DNODUGON 3 '"H+HUL 6DOOQOP

UHNLO 3DJH 7THUD]JL hQLWNWYL BX¥DRQ7HNWMUDUODU 60(

LoLQ NXOODQOODQ JHQHWHQHIN® SRIRFNYVYHFES3 RO
JHQHUDO UHQHZDO SURENVADWLVABBEN LO®HRGHOL\OH
JeYHQLOLUOLN GH+HUOHUDPL@EXOXQPDNWD®ABDT1QAC
2QDUOODELOLU VLVWHPOHIYLHQ ROHQOLN J OlH RDDAWMMD C
NXOODQOODQ J+YHQLOLUOLYN UVDWHPDHHWLNRXURBWDX]O J
\HQLOHPH V+UHFL SHUIHFW®WDWNHQBRH®O RSHRIMHAAR HGD N
53 YH KRPRMHQ ROPD\DQ BRLVYBE W dHFIL\GLQGH ROX
QRQKRPRJHQHRXV 3RLVVRODSARBFHO QD> J4U3B ROXUW XU X
OHWWDV YH =KDR % X%IHNIL DQB QR 0 HIDRBDQ DUDO(
PDNLQDQOQ DUOID WDPLE:+XXQHOXEDNABAQOWY\RQ V.UF
PDNLQDQOQ 0oDOOUPD \DUODOD®ODE | RRDNVWN ER/GQOD VI
LUGHOHPHNWHGLU XVXUVXHNPMH QUHSHMO L \HUND]C
VeUHFLQGH PDNLQDQOQ RODRDOPEMP VRIYWD KHQYRSODC
JLEL" JRRG DV QHZ GXWPRPQROBWQGIBEOR fGH \H
YDUVD\OOOU +RPRMHQ ROWDHEOR\IRLYNWRQ VeUHFRDWOL
LVH PDNLQD\D DVJDUL \G=UHWNAH F HE DI LoLQ HQ
\DSOO0GO+0Q0 YH EX GXUXRGD IP|R NLQQLIAHQ \WBI@H FO-D U L R
SHVNLVL JLEL N|We  EDG DV HR@GGL UKDQLIVOHH KIHWHNHW ¢
G|QG+UG+++ G+01+Q-0+U )D/NODW DMHYOHBWBIQ GLOLPLQG
RQDUOP DNWLYLWHOHULQLRXEREHP BR X0 GW H X PIDIBIG Do L
GH+LO JHQHOOLNOH EXQ@ODURQ LDWRV®QEDP DALY D
YHULPOLOLNWH VRQXo0ODQWPDINWDGAW HW%IXQ LRQ D UMD DW
YHULPOLOL+L HVNLVLQGHQRQUD HQOWYYEGHRDOPD LKWI
EHWWHU WKDQ ROG EXW ZRUY B8 GMKDID QHZQ RDINLIND
QLWHOHQGLULOHELOLU *XIRKWLPROQH 3XKOULGRUBW L
%X JLEL GDKD JHUOHNOIPXEWUH P HINGLGO P
.LMLPDTQOQ JHQHO \HQLOHPH VsUHFL JHQHUDO
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7DEOR dHNPH .HSoHOL <HUND}YHQDR O OQOLOND HiQLL W

3DJH hQLWHOHUL ODULRQ hQLWHOHUL |

6«UH dHNLG .DOGOUOG 7HUD]JL .HBOHNHWDNAEO®LG .DOGOUOG 7HUDHDUH.MISWH
6DDW '‘DLUHVL 'DLUHVL

$OW VLVWHPOHULQ JeYHQLPGHW AIMH BRD®H 10 HIURQBWHH DL
\DUDUODQOODUDN VLVWHPIHU LIHRHNOV HEY.HQ LW X UW DEIOR\L
KHVDSODQPOUWOU $OW VI-WMBROHUGHQ KHWRD@H NDG
ELULQGH ELU UO]D ROPDYVBOH OB PG« GNPHISIOMH) L Q VDDW\
GXUPDVOQD VHEHS YHUGIBDULRQ@LYH SDYWHRIUELUOHULQ
JeYHQLOLUOL=+L EX DOUWUJLOHPMNWHBLIU@®@HU +HU L
Je YHQLOLUOLNOHULQLQ U—DJJ\SBD]D@JQQD\QYHQ{L(IG_I-UOLNOHL
HGLOPLUWLU UHNLO TGH oHNRHD NHSOHWORID L@QPHNWHG

L
]DPDQD ED+0OO JeYHQLOLUOLN GH+LGLPOHUL 7DEOR

7DEOR dHNPH .HSoHOL <HUNDYBIQQDUGQLAD'ME®D O

6eUH 6DDW

3$*(
0$|5’21

-}

O iuUTi

o}

I

"

I iUl

. \

-

O iuUo—

o]

a

o \

= ijuo

(o4 e \\
T

> \ D Z/KE
e \

iuii

i i T i 81 fil oi 61 o1 61 i
dDOOUPD 6*UHVL 6DDW

UHNLEHNPH .HSoHOL <HUND]DUODUOQH=ORDRPOHWD+00
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23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

6218d .XPDU 8 %DUDEDG\ -
DQDO\VLV RIPLQLQJ HTXLSPHQV
%X oDOOUPDGD */g 0+HVVHVYKOERJ -DMDUP %
JIVWHUHQ LNL DGHW oHNPH5W\P|J+§6HQ)LIYV\\M@JN|9 oYey 6
\00o0oDUO DUDVOQG
YHULOHULQH GD\D QOODUD LU&QCL%) ué%kf"@é%di%pb
\DSOOPOUWOU  $Q OL]OHU@MPDWPXQIHQ)DL\@\@HLWH Lo (c
VeUHFL NJHQNHUDO UHQHZD OKHHOR PRWR UV *53&D-VGHLD(EW®C
NXOODQOOPOU KHU ELU o\HOMQHQ\IH-HSU(bQ@DQ‘H@N/ GQH W
DOW -QLWI—JOHQ QLQ J- D—gk
KHVDSODQPOUWOU <DSOOD gg %% ]E')\I'HEJ? ggggogigflavﬂg
. ODULRQ f\H J|UH GDRp; MPSRVLXPS
0ONPOGWOU VDDWOLN Ebpun@g@ue@ggag_&
3DJHILQ LUGOHYLQL VRUXGWX]6 \Ho m_uwwm:mwm\ucPHo Y10l
LKWLPDOL LNHQ ODULR DL@WVD LEXDER O DI, DQG SHOLDEL
1GLU %XQXQ VHEHEL %’ R 610 @Lﬂ@beﬁW@RORJ\

NHSoHQLQ ODULRQYD J|UH 'i\%? 6 % OXNF
ROPDVO 3DJH NHSoH NDSD ngﬁw%gb%é&%ﬁ 3
ODULRQ NHSoH NDSDVLWH Q, ,ULFDQ VWLWXWH RI 0
=00 DUO]D

GDKD Ge+G+*N ROPDVO YH GH EXQD EL

IDUNOOOONODUO YH \R+XQOX u ) JIVWHULOHELOLU
$\Q0 |DPDQGD VDDWOLN7EL ( oo PD Ve UHVL
LoLQGH 3DJH oHNPH NHSoHOL \H D]JPU Lo

JeYHQLOLU «QLWH WHUD]L %Q<|_V\DHJ BTvb LOLB‘HC
*QLWH LVH NHSoH QLWHVL7‘FUCB\|[1¥U|‘I'_|)I\P/ LB /B NQ
ODULRQ LoLQ LVH KDUHNHV\P(U@E’WHVT_ @7% |D¢J|_DUOQ<

PDNLQH GDLUHVL LVH HQ DHQLQR HWL-U EWH @b LUEX
%X GD ODULRQ \HUND]DUO®@BYWH \/\l—F@tbCM puHWID WHU
NOVPOQGD QRUPDOGHQ oRN DUO]D oONPD LKWLPDOL
ROGX+XQX J|VWHUPHNWHGLU <DsSO0ODQ
oDOOUPDGDNL JeYHQLOLUOLN RUDQODUOQOQ ]DPDQD
ED+OO GeUG+GOHUL GLNNDWH DOOQDUDN X\JXQ EDNOP
YH RQDUOP SODQODUO ROXGUWXUXOPDVO PXKWHPHO
DUOIDODUOBQ |Q*QH JHOPHNWH \DUGOPFO RODELOLU

.$<1%./$5

%HUWVFKH 94 OLDELOLW\ LQ $XWRPDWLYH DQG
OHFKDQLFDO (QWHQBHYLRIULQJIHU

*XR _+ /LDR + 3XOLGR - THPPX] i
)DOOXUH 3URFHVV ORGHOOQJ )RU B\WWHPV :OWK
*HQHUDO  5HSDOUV 5HOLDELOLW\  +RWZLUH
HODJDQL]H

.DPLQVNL\ 0 3 6LPSOH %RXQGV RQ

&XPXODWLYH ,QWHQVLW\ )XQFWLRQV RI 5HQHZDO DQG

* 5HQHZDO 3URFHVVHV ZLWK ,QFUHDVLQJ )DLOXUH

5DWH 8QGHUO\LQJ 'LVWULEXWLRQV 5LVN $QDO\VLV
JVH o+ <D000Q &UW. .D]O )

<|QWHPOHULQLQ (NRQRPLN $00GDQ

'H+HUOHQGLUWA]®PHVL '(h  O0DGHQ

0-KHQGLVOL=L %|O«Pe
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23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

N ODGHQ gUOHWPHFLOL=L 1DNGHI
LPOLOLN $QDOL]L
FL

HQF\ $QDO\VLV ZLWK 4XHXHLEL !
QVSRUWDW RQ

$00
9H U
(1L
7UD

* _RQDN 7 oboo00
'RNX] (\O+O hQLYHUVLWHVL ODGHRLAWKHQGLVOL=+L %|0O-P

g=(7 **Q*P+]GH PDGHQ LUOHWPHOHULQL@®OQ®PREWSBR]
WHNQLNOHULQGHQ \HWHULQFH IP\GDDPD@O®® P BPHN\G C
NXOODQOODPDPDVOQD PDNLQH WKDICSPIOPOMOM® WHHU L
LUOHWPHOHUGH RSHUDV\RQH & GHb® RGIMOONHNVD QOLNVHO P+
'«Q\D PDGHQ *UHWLPLQLQ |QHPOQWH P®mU D olGO\NH LG D KWV
\eNVHOHQ [UW+ ND]O PLNW D U OHDNJGDHUGALL LYIHO P B 0 WAHHGLQUH Lk
NRGXOODUOQD X\JXQ HNRQRPLIGHNE®DM PDSXOM\E DGR\
ELULP «UHWLP PDOL\HWOHULQLHG GY G *$o O R HIVIL@H WPHOH
JHQLUOHPHNWH ROPDVO PDOLWMWORQ LQD KQOIDD GNDED G
SDKDO® KDOH JHWLUPHNWHGIULQ4JH ®PD A i OPDYVDP D G F
IQHPOL ND]DQoODU VD+0ODGO+GHPGMHYL QB®HI O[IQHP \ [N\
(NVNDYDW|U NDP\RQ \|[QWHPL D BON JXIGHWRH H® GBI\Q BIQO

X VLVWHPLQ YHULPOLOLN D@HW L IHIEHO OIXNDHD Q/A 6 DA
RGHOOHULGLU )
%X oDOOUPDGD 7.8 (JH /LQ\LW glGSB@RWORHED HOBH.BH
H+HUOHUL NX\UXN PRGHOL NXODDH AODUDN KHVDSOOI
SHUDV\RQX YHULPOLOLPDND QB CHN LFS®IDAP N X GIDQROP Y H
QHOLN NDP\RQ DWDPD L]OHPHLWH N GRRIONRDM DV R & XCP\DD

E
P
G
R
\

$%675%&7Q RXU GD\ RQH RI WKH PRVW LIFESFORLV@W LR
RSWLPL]DWLRQ WHFKQLTXHV FUH QMR W HEYHH®H | ZWH\G \DLW
LQHIITHFWLYH XVDJH RI WLPH RIQWHRIIL P DH & WQ BRIV MITXL FRI
WKH LQFUHDVH RI RSHUDWLRQDO FRVWV DW PLQH VLWH

6LJQLILFDQW SDUWV Rl PUQGQDURIS ADDWLHR® \RXW BAK
ORZHU OHYHO ZLWK LQFUHDVL QKH WQIL\S SERVWAM WK R XIDE
UHGXFWLRQ GXH WR FRPSHWIKWLRQODBDRQNMRIDRRLFD O$
SLWV JUDGXDOO\ GHHSHQ DO® H®UDUUESXWVLIED PALIQH Q
DOVR VHHP WR LQFUHDVH 7KH LR@LPRYIWW LRQ VRE WM
DSSUR[LPDWHO\ ILIW\ SHUFHQWO RV UXKN WRWIRORGFRY W K
H[FDYDWLRQ PHWKRG LQ RSHQ X3HW HPLISIOLR\H ® Q@ W/IKH \
VIVWHP DUH JHQHUDOO\ WKH WLPXODWLRQ DQG TXHXLQ.

,Q WKLV VWXG\ WKH PHDREWDRQOW BWOWKW WHKOWND
$HIJHDQ /LJQLWH (QWHUSULVHV ZFRWPIS AR S DENHGV IWR] W K
DQG LQ WKLV PDQQHU WKH HISHUDMWER @ IZO R DDELIA \ KHDX
ZHUH SXW IRUZDUG UHJDUGLQJ WAKQRRORY\VLOQRHGWUPF
HIILFLHQW PDFKLQHU\ HTXLSPHQW XVH
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*g50 U Ge]H\LQL DUWWOUOUNHQ
*Q\D PDGHQ *UHWLPLQL®PD@HPWILQELUHQ GelG*N Ge]l
E|O«Pe DoOON LUOHWPH \| DRDHPM®HPWLINWDBHOU g]W WM $
\DSOOPDNWDGOU <e]H\H \\DN\O® PDGHDFLOLNWH HNV
\DWDNODUOQOQ WeNHWLOPHYW HRFLK GEH. X QXNOVDH DD O DN Q
LOOHWPH *UHWLPL GDKD GHULQ NRWODUD LQPHNWH
YH NDOGOUOOPDVO JHUHNHQ |[UWdND]O RLINWDU DU O
DUWPDNWDGOU 'HULQOHUGE5aMHQ@LalOH\HQ DoON
LUIOHWPHOHUGH |[UW+ ND]O RWHDWOR & QVWMPKGIRHQIGH ol
PDOL\HW JLUGLOHUL LOLQGMHHQ LNENVA+IQ S D \IHU WOWOQ PD N
\NOHPH QDNOL\H_ PIBOHAHW@BUERL \DSPDN  \HQL
DUWWOUPDNWDGOU 5HNDEHM WNLRPIDQAHO DH ORMDN XAUED YH
HNRQRPLN sUHWLP \DSOODEEDPHVEDLNDQYBHODSDMUGOL
~GROD\OVO\OD ELULP «UNWQP DROCIODHDOHULKNIBPDQ
PHVL JHUHNPHNWHGEH=UVYWIMUWWOPHVLQL \DGD
DGHQ LUIOHWPHNEOHFLQHQ \IQRIIPONLSPDQOD
LQGHQ RODQHURSWLBPHNWRIGLU <OOPD]
Q \HWHUOL G*]H\GH_
O HIHNWH+LULNDPORQUWOUPDFOODU
D \HWHUVL]OHNVQROHO IYN GDHIWL@H DUWMW
Q YHULPOL HNO®SRWDUDODDP DR OWDH QP
WDGOU %X GMNLSPDRIONWERHROHUGHLQ $
HO PDOL\HWOHUWAQUDUN.VHOPRBYRVHVL
OD ELULP PDOKX\HWONRA GO DNGWRDYDDNLQF
JHOPHNWHGLU @ebD@ ®RNVID]OD VD\OGD NUL\
HNDSDM PDO]HPHML®PLOQ ONMNHID@PWNIRQLQ EXO:
OHWPH RSHUDV\RQDD U(QWRPERQ | QWROWODQO
U %LUORN X]PDRDURDOGDU\HDOOQDELOHFH=+L
LQ LUOHWPH PDOLAHWRULDERUWY\ 6 p\PAMDMION W L C
D +0 J|U*G*QGHGLU *®PDFHKHPDO$SODELKBIQ PDO]HF
oON LOUOHWPHOHULWD GH+WDLQOHNILSPDQ  VHoOLP
QLUOHPHNWH ROPDVO NDP\R® XIRDQ\DMWIWHP YH HQ
KD NDUPDGON YH GDKIVLSIDXKID O H &IBDOHIN ELU $
WLUPHNWHGLU g]H O QIHNADLHIW L UWIDUMDIPD & KDQ HW |
PDOL\HWOHULQLQ \*]GHVHO$ROGDNDN ELUNDPD SXDQK® HNLS
DIDOWOOPDVO LUOHWPH J\ll—G}LLO)G)ﬂQLPLl—Q/CEﬂ)L(DQHPJCHWVLUQI
ND]DQoODU VD+ODGO+0QGDRUOQXNDDIUB \|lHWLPWOUOP
VLVWHPOHULQLQ NXOODQOBOGHIEHUKN\GDMKIN |[REPDVO
ND]DQPDNWDGOU %X QHGHOQWHPLEQNDRLRAUWLULOPHV
QDNOL\H VLVWHPLQGH \|QBOINNUKMKODPDODU WHUI
NRQXPODPD VLVWHPL WDEDGQGEQ HNYHRWFBWHWLQLQ W
NDP\RQ DWDPD YH L]JOHPRDNWE&NQRABMDQIOQ

* 0 <
e T

e
.
U C

COHUOXYUMU_OOITOI=ZX

NXOODQOPO NDoOQOOPD] oROPHINWDGOD RDPY VA Y
% 'R+DQ $ 1IDNOL\H VRSWHPIOBVLRQR VRUXQXGXU
YHULPOLOLN DQDOLJLQGH Jl1HQH@®HN QH G/H B OGN \RRH |
YH NX\UXN PRGHOL \WIOM@HNOHYWL WDGOPD RSH

NMOODQOOPDNWDGOU(UOH@BWLBHDVWQX|QHPNDDQP
XHDHJWHRULVLPRGHOOHWDU&MWNMVWWW@MEHYHULP
]DPDQOLOH\NWYLVVLVWHND%R@ND@EBHDEBQOHWﬁ]D
DUDVOQGDNLGHQJHQH}EW@MQNMKNHBM@EWM&WGX

RODUDN NXOODQOOPDNWDGROXPORGHN U+ VHHUWND/P\RQ I
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NHSoH KDFPLQLQ ELU IRQNUHMRQ¥LRWBEDELQ DPRUW
WDQOPODQPDNWDGOU 3DUODMGDQ7 GDKD NOVD VeUPe«n)
3DWHUVRQ / % DO $\UOFD \DSOODQ oD!
<+NOHPH SHUIRUPDQVOQOQVLEMCHRIGH QPHYVHWBHOHU L
LVH \NOHPH SHUL\RGX_ PDIONR®HRRADSOWODVYBHUUXIODU
ER\XWX ND]O NROD\06+0 DREEWUPDVIRAWMWUHVLQLQ
GROXP IDNW|Ue G|Q+0 DoOEMH ¥ HUWPHNIWHGIHUL6RXP LV
IDNW|U- JLEL NULWHUOHU EHOLUOH\LFL
ROPDNWDGOU $WNRRVRROLZOISNS1 d$/,u0%$6,

YH ELULP WDGOPD PDOL\HW [N WNDISDIW WH NDXPQO R Q@ Q@ H P
LOH RUDQWOOO RODUDN ®HLLGMWLOH QO M YoWDLPO G P
]JDPDQO LU\HUL RUJDQL]DVEARQHWRHNV|U. ( ILORTQGH |Oo
\|[QHWLPL YH SODQODPD JLEUoHNOMIMWDHULGWRQIWLU ¢
HWNLOHQPHNWHGLU ODOOGRPD LOOHVLQGH IDDOL\HW
*36 WDEDQOO NDP\RQ DWMNRDHL]@HBKLW +UHWLPLQ

\
J

VLVWHPOHULQLQ JHOLUVELOLRMHVL NDUDGORPDNWDC
LUIOHWPHOHUGH |JHOOLNOHAGNBWRKL YH NDPVRQ WRQ
YHULPOHULQGH |QHPOL UBHGHLQDYWOU w \0o0

VD-ODPOGWOU .DP\RQ DWDPDWS URE MHPGH QL § HQ

0|]*P*QGH WHPHO DPDo YHWIDRDWLOR® QUWAOANCH ROPD
RSHUDV\RQ PDOL\HWOHULQLQ G¥AABORPWEIDEL@LU -L
BLVWHPLQ X\JXODQGO+0 LVOKWPMOMUWIGRLPLQ \DNODIUC

YHULPOLOLN DUWOUUO HNO/ONND Y DIWI|@WH WRBIOBIQG P Q |
DUWO GO NDP\RQ NXOGRQOBPPDUWOROOYHQ BHND!
PDOL\HWOHULQ D L INOWD © G BIH\QO fL LKDOH
VD+ODQPOGUWOU 0DOOB67  ¥GL LGUOHWPH LPNDQ

WDEDQOO® PDGHQ \|QHWLP\DBIOOPHRMOGQU LON
\DWOUOP WXWDUO LUOHWPHGH NXOODQOODQ PDNLQH
vD\OODUOQD ED+0O RODUDN GH+LGPHNWHGLU
gUQH+LQ 6W ,YHV $00ON gUOHWPHVLQGH ILOR

UHNLODIOHWPH ORNDVIRQX YH X\GX J|UsQW-e
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6DKD oDOOGPDODUO DoON GROBVOPH L[@MWPHGEBH HNV
cUHWLP \DSOODQ .OVUDNGBWHHPBDQRMMX¥QED HGLOPHN
JHUOHNOHUGWLULOPLGWLU gGOHWPHGH HNVNDYDW|U

NDP\RQ \|QWHPL LOH +UHWIgRi OB®®E P PBWDEH US NHISO B G
gGOHWPH SODQO® RUWDOKPBPIRDHDWDKLS DGHW KDO
GHUHFH\H VDKLS JHQHO GHDGHOMVO YWRQ YR DGHW

EDVDPDN \sNVHNOLN NULRVHRIOOH UJHQHH LNWHDUNOO WL

wbvbuobQPOuwoUu EXOXQPDNWDGOU _ o
(QJHEHOL DUD]L 4DUWODUGQODOIRPQWR-0DBODEO+0
SDQRODU DUDVOQGD MRQRWOQD PHW WHNQLN SD

GH+LUWLUHELOPHVL JLEL T&eWHWYQUOROOHNMWHEGEHQ

dL]HOJH 3DQR SODQODPD SDUDPHWUHO
3DUDPHWUH "H+HU
+HGHIOHQHQ *UHWLP NDSDVLWHVL W \0O0
guwe. ND]O® RWUDQO P
+HGHIOHQHQ GHNDB&DM PLNWDUO P
<OOOON oDOOGPD VeUHVL VDDW
IDNOL\H VLVWHPLVRD®SDVLWHVL P

g/dh0/(5 9( %8/*8/$5 .DSDVLWH

<*NOHPH WDGOPD VLVWHPLQ@GB HWBK (DI MDPORQL+L Y
YH \eNOH\LFL PDNLQDODUORDOHWRAX@&HODQD G(PBHOLUOH\
SHUIRUPDQVODUO® YH VLVWBEBDNHWUPOLOHWIR H WD
EHOLUOHQPHVL LUOHWPHQ@HQUNYMULIPPDRQO+L LYHHUL |
RSWLPL]DV\RQX DoOVOQGDRUJDAPFOVERQYX FPXPDQ NRQW
QHGHQOH La\HUL RUJDDE PV VRIOXQKRQYNLOH\HQ WF
DQDOL]LQGH NXOODQOOPDANIOMWBRHGH HSORWODQDQ Y
oDOOUPD NRGXOODUOQGD WHNSBWHWMH VBBGEBIRDHUL (
RSHUDV\RQ oHYULP Ve UHOHYHUWIOMPHNWHGLU

J)LLOL NDSDVLWH GH+HUOHUL \DSO®ODQ |O0+POHUOH
EHOLUOHQPLGWLU

dLIHOPHOHVERPHD&DPD YH JHUOHNOHUWLULOHQ NDSD

DP\RQ 2UWDODPD 7XU

< NOH\LFLSL YH 6D\OVO DGHW&pggfgﬁgggygﬁﬁHQ
1R -DSDVLWHHWQODPD  *HUOWNQYUHE j.Q

VWRQ
< 7
< 7
*HUOHNOHUGHQ ILLOL ND s V BW\HH GLH -YHHUL PR QR QOB QBR R
GH-HULQ oRN DOWOQGD u *NOH\LFL HGUOHGPHOHUL YH
RUJDQL]DV\RQXQGD SUREO}
DoONoD J|U-OPHNWHGLU <«
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VLVWHPLQGH \*NOH\LFLOHUH@HEGLNOMWRRDRRQ oHY!
VDKLS NDP\RQODUOD 0DOOHMMNGG®HHNRQR@LN FMOL IDNV
WHNQLN DoOGNDQ GDKD X\JX@QNRGIPBYOQDHIDHPHDLQ GH
\HWHUOL VD\OGD VW R Q| ] MVGRGIINVDBHON DIM\VR@ EHNOH P H
EXOXQPDPDVO LON \DWOUGR W XMPDQGROMWIN NG HNR O G X
ROPDVO YH ILQDQVPDQ R OXNPOBWO WRQHPFRQGD I

VLVWHPLQGH HQL DOWHUQMDMADP DoNBPORQ EHNOHPH
JHOLuWLULOPHV QL JHUHN WeNJPHHQIR\HH & £ WH V L VQ YH
VeUHVL VQ R

dHYULP 6sUHOHUL YH 6LV\@WHPOP-GWs+U dL]HOJH
<eNOH\LFL SHUL\RGXQXQ NEXMOXNOHRDXHWMIQHPDVOQOQ
\|QHOLN RODUDN |[00+POHU NDPORPOD H) GRIEXLAV YH UX
IDNW|Ue LOH G|Q+G DoOVOQBPEDOO D\ RODWWBHOH\LFLGH
GH+LUHQ NHSOH G|QJs VeUHYUXRBRX®D DM HQPH VLGLU
RODUDN WHVSLW HGLOPLUWLU (N 7DEOR

dL]HOJH 6LVWHPGH \«NOH\LFLGHH INDCPHRQODUD DLW

6HUL gOo0*POHU 6HUL gOo+POHU
<eNOH\LFL WLSL < < RUWDO®PDVO
.DP\RQ WLS YH VD\OVO 7 7 YQ 7
2UWDODPD NDP\RQ OoHYULP V.UHVL
vVQ
2UWDODPD \+NOHPH oHYULP V+UHVL
vQ

2UWDODPD \+NOH\LFL ERG EHNOHPH
VeUHVL VQ

2UWDODPD NDP\RQ ERU EHNOHPH
VeUHVL VQ

O

L\H YH \eNOHPH VLVWHPX®PGHNLRWWBP\DHULPOLOL:*
Q |0« |IDPDQODUOGQ D]D@®WAPHNMWHEDB\RQ YH

\LFL oDOOUPD ¥NUQFOHWH QI QO0o-POHUGH

WLOPHVL DQFDN \HWBQ®QVDWAGD NDP\RQXQ
DPDVO NRQWURO+ YH GEX®PLNNROOUDN NDP\R!
DOHVL\OH JHUOHNO KORHNMMOHULQWXGHYDP H)
N

ow, Lo
OZZolU
U<OZZ
rOIIU
oo

QDNOL\H YH \*NOHPHNOH\LWIHEGMOHPHVLQLQ R
]DPDQOO RODUDN ROPWVAO NBRGRHDLGAQ \H)
WPHGH HG]DPDQOO RWDKWNLOBROXBRQGD RUWD
*NOH\LFL YH PDGHQ NDP\RREBXF OWHYQG® oHYULP EI
HOHUL IDUNOO® ]DPDQODUGD VQMOLNYHIDRWMWWL EHNO
OP«GW+.U (N 7DEOR NX\@GEN HGROXIXPXQ X JIV\
POHUGHQ KHVDSODQ D Q< RNOMD OLRIH GGH H INDHPUR Q
o)
L

</Q (S
T01xTO
IoR

N

R YGH YHULOPHNWHGLND\QDNODQDQ NX\UXN ROX
LQFL VHUL |O0+POHUGIBLQNIPA\R @ OWHIDWLY QOHQGLL
10Q0Q \HWHUVL] NDOPOQBPQHGHQHWWMH ¥RQX00DU
OH\LFLVLQGH oHYULP EDGOQD RUWDODPD
VQIOLN EHNOHPH V-UHY$5RQEEPXGWXU
QD NDUGOOON < \+NOKWPUVLQGHRULWH PRGHOOI
P\ RQODU oHYULP EDGOQDDRDWWODPDODUOWE D \D\
NOH\HUHN NX\UXN ROX0WNX®PODNYDGHN WIXGOU . X\U X
RODUDN VHUYLV VLVWHPLQ
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IDJOD ROPDVO GXUXPX YHNXYMHOYQ®OWDIQVVEWRILW DPD Y
NDSDVLWH \HWHUVL]OL+L ND®DYGI®YIORNVIMHPAL NX
NDSDVLWHVLQLQ DWOO NDEBDYOHSWREAHP OHBBL WGIHE D |
EHNOHPH ]DPDQO LOH VHUWYNWHPOMHPLLOBRELUOLNW
NDOPD |DPDQO DUDVOQGBHMLIOGHQIMQLIDQDOOS P
EXOXQPDVOQD \|[QHOLNPDNL®@DUYBNLPOHULQL DU
NXOODQOOPDNWDGOU g]W+WwOOGPD NDSVDPOQGD VDK
/JLWHUDW+UGH GH=+LULN GDUWOIDWHULRXWDQIDBODQPA GO
NX\UXN PRGHOOHUL EXOXQPONW®DGRGHDRAURNIXODQP
<+NOH\LFL NDP\RQNXQOBQWPURWDQODUO \+N{
LGOHPL QNQ NDUDNWHUL]H RIOGNVNORHOE®D G HE HND@MPH KD
NDQDOOO oRN JHOLGOL YH\DPORN NDQDWID OY HV HWX\U X
JHOLUOL NX\UXN PRGH OO H UEHWOHPHQ & OCHEQ IOW U KIHHWD %X
ODGHQFLOLN IDDOL\HWOBHE@GBHHQNDURODDDWOUO
|O0+POHULQ \DSOOGO+® LUOHWPHGH GH

Cok kanall, tek gelisli, tek fazl r_'__ 24

Cok kanall, cok aelish, tek fazh

() kamyon T | yukleyici

UHNLX\UXN O0R G+b® BWHAJ L- .
%YHNOHPH KDWWOQGD RO>

dRN NDQDOOO WHN JHOLUMIDMNRQXND\PR/GHODQHE ELU
GD\DOO RODUDN JHUOHNORIUWDOD®®Q DNDOODKNGH X]X
DUD+0OGD YHULOHQ HULWOLNDHI:OGDNEOPOQRIDX Hul
\*NOH\LFL NDP\RQ VLVWHPLEXOXQPEMWNDEQHQ
oDOOGUPD GH+HUOHUL KHVDSODQPOuWOU 6LVWHPGH
JHOLU RUDQO VHUYLV RUDQOga RUWDODPD
VHUYLV VeUHVL — NXOOD\QQ—Q}-DZEJ-D—NZA NXOODQOP
RUDQO® | EXOXQPDNWDGOU o

L 6LVWHPH JHOHQ KHUKDQJL

- RUWDODPD EHNOHPH VeUHVL

ORGHOGH SDUDOHO VHUYLV XHUHQ EHQIHU
\°NOH\LFL~VP\OVO F NX\UXI\TL\'ELVWHPLQH JHOHQ
NDP\RWD\OVO Q ROPDN <]J]HUH 3

VLVWHPGH NDP\RQ EXO P
\*NOH\LFLQLQ ERU NDo D POLRGH TG HGLOPHNW
KHVDSODQPDNWDGOU <DSOODQ VDKD oDOOUPDODL

5 — YH ! GH+HUOHUL NXOOCL
2;4;@W1— 3 # YH{:GH+HUOHUL LOH |
U8 Je Te@qA |OO‘OHQ G HUOHU dL]

H
YHULOPHNWHGLU
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dL]HOJH . X\UXN PRGHOL LOHHKIOWHNIQRQDNDYHJODL
6HUL gOo*P '"H+HUOHUL 6HUL gOo°*P 'k
4 gOo+PgOo0+P 4 gOo*ROo0-P
'H+HUH+HUL 'H+rHUH+HUL
<eNOH\LFL YH NDP\RQ WLBL < 7 < 7 < 7

*HOLGO RUDQO

6HUYLY RUDQO —
.X00DQOP RUDQO !
<eNOH\LFL ERG NDOPD
RoDVOOO+O 3R
2UWDODPD NX\UXNWDNL
NDP\RQ VD\OVO /T DGHW
2UWDODPD NX\UXNWD
NDP\RQ EHNOHPH VeUHVL

T VQ
4 . X\UXN PRGHOL NXOODQOODUDN KHVDSODQDQ GH+HUOHUGLU
(ulDPDQOO RODUDN o0oDOOUD@ (54(1'¥BO(<
\eNOH\LFLOHULQGH LNL |IDUNOO EHNOHPH N
ROXUPDNWDGOU < \eNOH\LXLWANGH RGIHORQ NXOODQO
EHNOHPHVL ROXUXUNHQ < KHVODIS\QBPDIO@®&KE D VHNOH\LFL
WDP WHUVLQH \«NOH\LFL NDEHAID RRIDXQW B G DU Y H \

gUOHWPHGH X\JXODQDQ VDELW NBP\RQ RWDRMDN EHOL
VLVWHPL LOH \DSOODQ oD¥%@X@P DOMDWGTDO PD MOXDGD \I
YHULPOHULQLQ ROGXNOD < GOROX RNGKHYXFLGH VOUD\
JJU OPHNWHGLU 7DUOPD YH GHNWOBEHUL < QROX \-
VLVWHPLQGH _ EHNOHPH ]DPMHQODUGBHFIGUOHUL HO!
DIDOWOOPDVO LUOHWPH HNRRR®LVL DHRARDO EEDNOQHP
WHPHO KHGHI ROGX+XQGDEHG®IOLWWQPEVWL DODQGD \D:
D\QO DQGD 0oDOOGDQ \*NOHKHYDHWDUA@GODP\RG UL |00
DWDPDODUOQOQ GLQDPLN LRIOPAIDNHUD SO @I LoLQ
JHUHNPHNWHGLU HOGH HGLOPLUWLU %XQD

\DSOODQ |O0*POHUGH < QF

VHUYLV YHUHQ 7 JUXEX ND

LOH YH VQ < QROX
VHUYLV YHUHQ 7 JUXEX N
Y H VQ EHNOHPH V-

HGLOPLUWLU UOHNLO
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UHNLO YDUNOO VHULOHUGH NDRFWROQHADRLQGE &N X W

EHNOHPH V.UHOHUL

PD \DSOODQ L 0O HMPID Q OMDKDYGMMED JHFLNPF
OHQHQ \*NOH\LFL ERINBRBORQPOGHONUOHVNOM\LFLC
OH EHOLUOHQHQ GHREXGWMRUBDKOQGBQNND\QDNC(
O \*NOH\LFL NDP\RQ EH WO Gis PHH@HHRHQYHQ \DSOOP
ILOR RUJDQL]DV\RQXQGD RUBWRE ONHRRRBINW® G O U

X QX JIVWHUPHNWHGIBBHUL |Q@ROHU LQFHOH
LIDVIRQX VRUXQX \«\NHUHKDBUVLQEBIHUROXUDQ ER
OH\LFLGH NDP\RQODW \+NDHWFMNVLQH VHUYLV \D
XGWXUXUNHQ GL+HU \EXNOHWMNQRUFL\BERU\|QOHQGL
NDOPDVO GXUXPXQGD RUWDDDWONPBINWDGOWBHUL |Oo
<eNOH\LFLOHUH VDELW ROBUODNDDN\QO \NDWOGMRQFLVLQGH
JUXEXQXQ \|QOHQGLULOPHWRII BHNOHXQGD-UHVL < \
NX\UXN EHNOHPH VeUHOHUINXGB)XQNWD\QDHND\BIQY NDP\F
LU\HUL NDSDVLWHVL G-UPHRWBQ®BUGHUEROE®QN\LFL\H
DIDOPDNWDGOU .DP\RQ oHYWIH D]DOWOODELOHFHNWLU
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<eNOHPH WDGWOPD LU o PLQ@RQWLUCRFoQOimeN WDNLS
VLVWHPOHULQLQ NXOODQAONDIO @KU ON DPDREWDDOP DN W D
X\JIXQ \-NOH\LFLOHUH \| Q REDQX@ KB XO GLGIHOOH QHELOPH
DWDPD L]JOHPH WBNWWQUXN PRGHOL DQDOL]JOHU|
NDSDVLWHOHUL YH SHUIRUW NP\ REGH-BHWD@ bWID@WO GPD
VSUHNOL RODUDN DQOON GEHHHOBHGQBQURXKHNWWHOU <.
IHNWLI NDP\RQ NXOODQOAPOMMIMHRQL® GBIU W W\GEWIDD NJ H O
QODPD\D X\JXQ NLOGI®H\GBKDEHNJOHPHOHUL V
\RQGDQ ROXUGUDQ E I LG R +LUCHQ D VOHP M@ G QPIBHQ O H
VLWHVLQL JHUOH%® HUMDNFLIDNMED G PN W H G L U

oD
uH
LU

D
P
SD i
NLOGH LGUOHWPH NRQWUBBWPH®H *BBORVDEDQOO
JDQL]DVI\RQX GLQDPLN YHOMRMOMHRQROBNLVLQLQ N
ODQDELOPHNWHGLU AHUGHONH U L] D PDROWO ODUDN
ULOHUOH GDUWODUD X\J@J HOSOMLPICED YNDULPOWQ DUN C
YHULOHUHN YHULPOLOLN \+NYH O D\DFDHXWBHY D@ W D MIOD U
*UHWLP PDOL\HWOHUL G+G-UNENBLOPHMMRHEBRRLN YH L
DQODPOQGD |IQHPOL SUREOH
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OX dHNPHNHSOH gUW+ND]® 6LVWHPC

H
SOR \ HQW RI D OXOWLSOH 'UPDLJPN &HR
XQGHU '"HHS 2YHUEXUGHAQ

% (UGHP
&EXPKXUL\HW hQLYHUVLWHVL 0OBGHURVO*KHQGLVOL+L %|O-l
= 'XUDQ

&XPKXUL\HW hQLYHUVLWHVL 6&UWIDW OHVOHN <¢eNVHNRNXC

g=(7 %X oDOOUPD NDSVDPOQGD ROG 0ON/MONQIEMO\® EQ D 4@ M
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ORGHOGHNL JHRPHWULN HB‘HIBHE)/FL[DJOBUOQ~ E®d WDK
OLUOHQLPFL \DSO\D VDKLSURDPQEBQDQFHUNBQGUHORN
WLP EHQ]JHWLPL PRG*O+*QGWDNDDPODQUVPHHYH%dTQLQ N
DUO]DODUGDQ [WeUe GXUPEGDNOHPHL VDWWV DROODUHbO N
OHU WDUDIOQGDQ WHPYVL GG XEGARDG GIDWDQUERIQS\IDHGDOOHI
EXOXQPDNWDGOU 20D\D GU%IW)DF@HDQIQDN}DWGL K"
WHUGHNL EHQ]JHWLP PRGHGEL U dHQBING HNNDHBRMHREHQ R OD FD
ROXuDQ ELU ILORQXQ *UHWLPENMNPWGUHIP INHQELVLWH D'
IHUGH \DSDFDN GHNLOGH \D\GIRDPO®GWC ORGODWRDODQ V-

ORGHO DuD=+ OGDNL JLEL GHOROBDNWDGBHWU QIIXDL EHN
ODQJOOWD W-P PHNHSANDOEHGIOEIR HENDNIOW QJ O o

OHN

QRNWDVOQGD NRQXPODQGOYPHWIORLODV\RG PRIFIOQ D HINL (
VHW ER\X LOHUOHPHVLQH KPLYQY DWHU L GBIHN WANX « (O-P IDQ WV
]JDUIOQGD <%d LOH 7%d EHNREWDRRLYBMHUVYH NXORQQOO
VeUH KHU LNL ELULPLQ GH+DND]BDGWO UDNVO B DOEBNOWH ND
PH V-.UHOHULQH HNOHQLU Gdi+ LLUNHHWQOR® B X E® A GBI HOR G
RODUDN \DOQO]FD EHNOHQ®HG LNND D OQJ®®ND WEAHG PHO HU L _
GDQD JHOPHVL GO UOQGD BKWWH QPd.mOYOH PADH RNHLPGSIR WD O C
LOLQGH |[UWeND]O \DSPD\D GHiLYD F HIGHWO\BDTQLQ P YH
LOHUOHPHVL LOH GLOLP WDX®R& QW BUN BQX¥OQ RDNIW I« Q
UHNHQ HPQL\HW~ DUDOOR G \/H)NOI@@@OGNQIDSUDDOO o)
<%dTQLQ GH oDOOGPDVOQDW{\IL @ HAMILLAD IHW PHN- LN L Q
7%d KDOHQ EHNOHWLOPHNMH®LW 7%@IBBHDDQRDNDUOD |
<%dfQLQ LNL VHW_ LOHUOHMH]BIONH G LG YHUWO-RL@GWLU
WDUDIODUO DUDVOQGD NRUKXQ PRWD D@ Q\H WHNJIHWH P®@ HWHLWL
DUDOO+0 VD+ODQPDVOQGDPHYREUDQ 0D CRYORLDN\LE D@+ Q *
ODPDVOQD L]JLQ YHULOLU H®®RWXH 7O TQDRQGCNIJOOPDVO
vVOUDVOQGD EHNOHPH VeUHMOPDMO\GHIGHOHQ \HHUW QG H
OHNPHNHSOHQLQ ELU VRQU®MNL VHWH \PUic\R® INDDN WHV¢
]O\D EDGODPDVO LoLQ |QFBIRGNOBHNNRGQORAOOO®HI UG
LOHULGH EXOXQDQ oHNPHNHSHEB X QWP DWWOWD U O Q
GDNL HPQ L\HW DUDOO+O NRQWURO HGLOLU %|\OHFH
<%d %d WDUDIOQGDQ NR QI UHR®IH GLSLWINHQ E®WMWDQ (
LVH <%d WDUDIOQGDQ NRQSWNW@UH(]SULWHH‘H—HN(V\LLQJ\LWHMJDO

OHNPHNHSOH EDVDPD+0QGE UNO O
ROGX+XQGDQ <%d YH 7%d |DOO@ o Hb
NL ELU DQGD HPQL\HW DUB©66+606 5
ELOLUOHU %X GXUXP EX oHNPHNHSoHOHUGHQ
KHUKDQJL ELULVLQLQ ELU V.HW ER\X LOHUOHPH VRQ
UDVOQGD KL\HUDUUGLN RODUDN |QGHNL ELULPLQ GD
KD VHW ND]OVOQO ELWLUPHPHVL YH LOHUOHPHPLUG
ROPDVOQGDQ ND\QDNODQDFDNWOU 2 |DPDQ ED
+OPOO RODQ ELULP <%d YH;YH\D 7%d “HPQL

\HW DUDOO=0 VQ ODQDVO\O NDGDU GXUGXUXOXU YH
JHOHQ VeUH ND]® VOUDVOQGED EHNOHPH V<UHVLQH

HNOHQLU %dfJQLQ YHULOHQ:EHQ]JHWLP V.UHVL ELW
PHGHQ NHQGLVLQH DWDQDQ EORN ND]OVOQO wD
PDPODQPDVO GXUXPXQGD ‘UGXUXOXU YH NDODQ

VeUH %dfJQLQ ND]O VRQUD

UDN ND\GHGLOLU %|\0HFHQ% \HQL %d ROD

FDN YH NOVOWVO] uHNLO&S‘H)Dlp@HUOHPH\H GHYDP
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dL]JHOJH 2SWLPL]DV\RQ PNMRHSHOOIL NDBB VLG YH X]DC
NHQ GH+HUOHUL OHNPHNHSoH VHOLOHUHN_ |QF

PA KDFLPGHNL GHNDSDMOQ C
VAR F Ee«\eN NDSDVLWHOL oHNPHNH
/LQ\LWOL V ‘ OHUWLULOHELOHFH=L VOQDC
(PQL\HW EJHQL f NHSoHOHUH DLW ER\XWVDO °
"LOLP YH N|P+U GIL GH QXOPXUWXU
<O+0Q NePHOHL GH
gUW=. NIV dL]JHOJH . X00DQOODQ oHN
.HSoH GROF '
JUW» \R=XQOX+ W \XWODUO 'HQHPH
/ILQ\LW \R+XQO W % <% 7%
<OOOON sODQ! dDOOUPD \D
7RSODP oDO R INSDVLW
<OOOON SODQ 7DEOD \DL
<OOOON |UV $GOP ER

<eUsPH KO]( 5
hUHWLP EHQJHWLPL PRGHOLQLQ oDOOGWOUOOPDVOQ
GDQ |QFH ILOR LoHULVLQGHKHWY} IRV\ELLPUlPFRCa;H-lLDL@DQ ELUL
ER\XQFD \D GD NHVLWLQFHUGRP@X/‘@DCEDDDDQ PO WRHQ X o
KDFLPVHO ER\XW JHUHNVLQHIN@HNH@IOH/DtORS’EQNW H ED
NOVOWODUO DUPDN GXUXPXRE®PELOIUEPPY 'DKD VRGURDF
EDGDUOOO RODQ ELU ILORSD MY WD e lbRBHINGDS® HROOEM Mo L
NDQDO DQDGLOLP YH JHUYHORMIGX MR XAOHNO  D\OOD
GDNL G|Q+u DoOODUO YH WP ®D MO UDHeBVIGEHYH V
VDSODQPDNWDGOU hUHWLR|BHQHWLRHURBLUWLUX®RX G
OX+D VDKLS JUWe. EORNQPUW-@HEDOLDOOQDUDN
\DSOOPDNWDGOU 'LOLP WDKR@IO®© @ERRHNH®eHE VIRV X Q
PDNODQGOUOODUDN oHNPHMNH3®mid QOIIUY NOIXD/A W DIONVD
GL-LQGHQ VW EDVDPDN RHU GHQBBBGHoD®O0UPD VOU
NDOOQOONWDQ EDGODW WW@HWW)@UH@W%UGH
QHPHOHUGH P DUWOUOP EOHDNFD®NOMNIDE W/OY-ODPON WE
GOU 7%dfQLQ oDOOuWOUQ;@i@QNORM@'QIﬂDU’\@UDNQOJO'lHRU
PHWULVL WDPDPHQ GLOLPWKNUDARQG IJNULHEMYMDRIAND N L
NDOOQOONODUO YH QHQHRJ-LG;JH VHOLOHQ OoHNPHNHS
OHOHULQ ER\XWODUOQD EDyIO®R RODYOMNN LI MR P HWOY O F(
PRG+O- WDUDIOQGDQ KHVD $0DWQRPEUNWIGEIED EHNOHPH
GHQHPHGH EHOLUOHQHQ YH:KIQUW D) ©dRY/\DMOMEDVDPD
DNWDUOODQ RFDN JHRPHWUPVL VRQBUDNPQQO N LN X OO
Q00GO+0 *UHWLP EHQ]JHWLPE P R®* 0¥ WHHLL GHADSD
UXOODU DOWOQGD VHOLOHQVDEERHMBISPDHODPBYWAXQ

JHUHNOL \OOOON GHNDSDMO%® $0 5Q Do) P B DV FORUDD V
WHVW HWPHNWHGLU ORGHOGHNL EPNV® PRANN D'RRXKO O + ¢
\OOOON *UHWLPL HQ D] WRS@EDR/\E?I'Q\COHBHL\S'WHWLYHOE-D(
VD+OD\DQ +00+ oHNPHNHSOH VWOERMXOIPONWKYESDWO O =
HWPHNWLU ]J6vO GLOLP ND]JOVO \-U-P
KDUFDQDQ V+UH EDVDPDN
ORGHO LOH 'HQHPHOHU VO\OD EORN ER\XWODUO LC

2SWLPL]DV\RQ PRGHOL WR$QQ
GON 0DOOGWOUPD VRQXQG§D SFEXQK %;{ @SVSDEF
i

YHUPLOWLU %LULQFL GHQH %Iéd? NWDGOU
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d

PI\H LQFHOGL+LQGH WRSOD® NEBGDWRH OERQVDUDIOQ
JHWLP VeUHVLQLQ T+ Q H HHULLQI® H NG®\HNDLSD M PLNW D
<%d DWDQDQ V.UHQLQ LHYYOQGBHELOROVD GD
PD VOUDVOQGD EﬁNOHPLGGDNLﬂGH@GG—PI—H.@HULQ
0oDOOUPD VRQUDVOQGD EHNONFPHNMSI AHO%X LXHWID+ODP
<%dfQLQ YHULOHQ LG \+N-QHWIDHGRGBXNOWLUPHVLQG
Ee\eN NDSDVLWH\H VDKLS RD®WD:X@MHNUDUNMBO RUDQ¢
HWPHNWHGLU YH YHULOH)Q ORRBGDNLODHNPBOMSRED H U L
<%d LoLQ HQ X\JXQ EDVIDFHPH \KkNMBRODQOQ HULWOHG
EXOXQDPDPDNWDGOU UHML®PDQODPDQOQ LUDUHWLGH
7P EDVDPDN NDOOQOO 0 -RILWOHILEO OGRMHDGH O LOH!
7%d NHQGLVLQH DWD QD EEDPND W NDYOQOOWDQD NDU
PDPODGONWDQ VRQUD QLXKHUW RO DYH NTBHNIOHWP LLINL EH !
WLU %X GD 7%d1QLQ DWPIRRE DO E&OFBPQGDOH\DOQO
NDUUGOODIWOUDBOGO-O0QOMQGINEHNONPISDYIL VBIGH HG
VDKLS ROGX+XQD LuDUHERHMOHHNWHGLGHIHNDUGO H
TGHQ WHNUDUND]O LoLQLIHbH@HWHI K@ Q DA MHULOP|
ODQGO+0 JJU-OPHNWHGLQ X 8XMX @ IPHG@EDLY KKBIWO P L G W

LIHOJH dHNPHNHSOHOHULQ EHNOHPH \¢«]GHOHUL 'HQH

+g86 % d <%d 7%d 7TRSODP E

P

%HQIHWLP V+UHVLQLQ JJUHYOHUH GD+600PO

dDOOUPD VOUDVOQGD EHNOHP 600 0OPP ERIQOBWVYBIQGD EHN

%HQIHWLP V+UHVLQLQ J|UHYOHTH GD+000PO

hvW EDVDPDN NDOOQOO+0 P $OW EDVDPDN NDOOQOO+0 P
\!,DQDO NTD OLP NDIOVImISUCEOLKD L EH‘NOHF‘H ‘I DQDO ND)IMP NDPiOW-FmisU@BDOOGPD V@UDV@Q@UEMMMPGUDVFQGD EHNOHPH

UHNLO %d LoLQ VW EDUBRDO® NDOOIQDA«D QO EDVI
IRQN VL\RQX RODUDN RSWLRPQNOMR@ XV RGNVURNQRSWLPL
JJUHYOHUH \+]GHOLN GD=00@R Y OHQHRHGHOLN GD+000I
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7%dTQLQ YHULOHQ LG \eN=C

NDSDVLWHOL ROGX+X YH GF

]OQOQ JHNLO TGH YHU

<%dfGHQ \*NVHN ROGX=X V

ODELOLU *HUOHNWHQ GH

7%dJQLQ GR+UXVDO LOHUO

HOLWWLU %XQXQ QHGHQL

RODUDN oDOOGPD VOUDVOQ

LOH DUDVOQGD NRUXQPDYV(

oAt siss e asmsassrpace cranrl 1V DITHVLQLQ VD+ODQPDVO(
UHNLO fGH KHU LNL EHNOI

HNLO 7%d LoLQ VW EDVDHDII‘Q NHOOQOGPOHGOOO QH\
QNVL\RQX RODUDN RSWLPQHPW KQ]UPWIDVYBUQOPHNW
UHYOHUH \+]GHOLN GD+0OOG@MR 'NR&PBODU YH_ VHoLO

JI] |Q*QH DOOQGH+OQGD |
7RSODP LOHUOHPH KO]O WP SoHINRION Mo HIDAHOQ OD QD P
LoLQ WRSODP oDOOUPD V-RHNWBGQUNDWPHGLD HYW
WRSODP GR+UXVDO PHVDIHGHR EPOOYPHWD LOHIOLN DOV
KHVDSODQPDNWDGOU %X KO] GH+*+HULQGH %0_YH <%d
oduPD VOUDVOQGD KHP GH ODOOHPD KRQUDW® QDNOD
GD EHNOHPH LoLQ JHOHQ V<UWOHUDHGHLUFLULQH oR!

|Q+QH DOPDNWDGOU UHNLGDNGBX) GXRIXPGD 7%dfQLQ
P «VW EDVDPDN NDOOQOO+0 DB OQBIDGLBSHVOBQLQGH
EDGDUOOO GHQHPHGH GIR¥ D ® ¢ 06 OLQUEDUD BBHKD 1D]O
KO]oDUOQOQ P K FLYD PBIQGDIVRQIBX:=XHIVDKLS ROC
UsOPHNWHGLU 6DSPDODUPENWHGNLIUP $RRON WDP HU |
OLQGHNL UDVWVDO GR+ D\DEL/lDlKI{(SHGJHLQLU_NDHQJ@HHLPGIHKO
DoONODQDELOLU ~ EDVDPDN NDOOQOO+0 GH=

<DOQO]FD 0DOOUPD VO UDYVHQHEDN INDG GHIGL®HH@ LON <

LOHUOHPH KO]O V.UHNOL Gi—UCPHHlNIWIV@IUUDV@(DCBi[DJO%d Lc
PH KO]O %df\H ED+O0O RODRQok®d VW EDMI LoLQ

PDN NDOOQODOH=0 PI\H \« I GXHOBWe NV NIDEDW %XUDGD
DOW EDVDPDN JLGHUHN L @PHNHELH@LEH QN HIWBALDE UL Q
LOHUOHPH KO]ODUOQD VDAKIPPOHRWPXOHKHNDUUGOODIW
PYOLN VW EDVDPDN NDO&QOW®-NHE®D %B$FQVQWHOHU
GR+UXVDO LOHUOHPH KoLocogmumwoomo@qu OPPINWHG

YH GDKD NDOOQ VW EDVDRDNWD <%d o0DOOU

PD VOUDVOQGD SHUL\RGEN| DUDOONODUOD GXUD
UDN %dfQLQ LOHUOHPHVLQL YH DUDODUOQGDNL
HPQL\HW DUDO0O®+0Q0Q \E—IQL Q PDV O QT
VD+ODPDN JRUXQGDGOU %X GXU3 e =t
JLGHUHN GDKD ID]OD V+UH\L0D'0GGPDO U D
VOQGD EHNOHPH LOH JHOLUUHFH=LQL J|VWHU
PHNWHGLU 'L+HU WDUDIWDQ 7%d...0HNLO, .

T1GHQ DoONoD J|UsOHFH=+L *]JHUH HQ LQFHGHQ

HQ NDOOQD ROPDN +]HUH HM4O « VW HED VDR EMNOHPH W
NDOOQOO+0 DUDOO+0QGHQ+EOINIDIPOW EQUDRBONENDNO ¢
OHPH V.UHVLQH VDKLSWIOW UDANXGRBXWXWPBEO® LOHUOHP}
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7DP HU]DPDQOO ELU ILORGDB W-
OHPH V.UHOHUL VOIOUD \DNO
PH KOJODUO LVH ELUELULQH
VL\RQXQX VD+ODPDN LoLQ: PR
ILOR\X EHOLUOHPHN LOLQ:E
VRQUD NH] GDKD IDUNOO:oH
VHOLOHUHN oDOOGWOUOOPO
HULGLOHOQ GHQHPHGH VHoL(
UH DLW WHPHO ER\XWODU §dL

WXU 2SWLPL]DV\RQ V+UHVLQLQ JJUHYOHU 5=
OOPO %d <%d YH 7%d LOLQ GHNLOQOQH L eovoren syopgoo-o ¢
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PHNWHGLU uHNLO~ ~<%d LoLQ DOW EDV
DdHNPHNHSOH <00+Vs +UHVWR@PNWORQXORODUDN RSWLP
NH] «VW EDVDPDN NDOOQQ&#\QI}QJ@ \+ R GHOHN GD+000
P DUDVOQGDNL GH+HUOHULQGH VD+OD\DELOPLYG
WLU %X DUDOO+-0Q GOUOQGD <%d +VW EDVDPD
+00Q P+ PDUDOO+OQGD JHUHNOL *UHWL
PL \DSDPDPOU P + P DUDOO-0OQGD _
LVH %d JHUHNOL «UHWLPL VD+OD\DPDGO+0QGDQ
YH <%d LOH 7%d %df\H ED-OPOO ROGXNOD
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LOHUOHPH KO]ODUOQGD RO
oDOOGPD VOUDVOQGD EHNC
PDNWD DQFDN KO&]ODUO® %d
HGLOGL+LQGHQ ILORQXQ ¢
KO]® GLNWH HGLOPLU ELU
EX GXUXP \DQOOWOFOGOU
<%dfQLQ GR+UXVDO LOHUO
1I0QGDQ GLNWH HGLOPHGL=+
NDOOQOO+O ILORQXQ GR=!
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e EDNWOU
LO 7%d LoLQ VW EDFVDROG N ONDONHI 00w U O O

N
QNVL\RQX RODUDN RSWLFDMVIND OGORVIQVP+O0DQP
HYOHUH \«]GHOLN GD+00®ORNJBIQMPH/ HOLOHQ oHNPH

WHOHULQGH |QHPOL LQGLL

HU WDUDIWDQ ILORGDNL HPNQPH N HSH HOdH U L QP GRW H Q

UXVDO LOHUOHPH KO]ODUO LPHIMYHQGL-RQIGHYBID%O
GDNL VRQX0ODUD HULGLOPHRWHGLG UP-uW-U %X NHSc
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hvw EDVDPD+0Q P NDOOQD@GB %O LWOKIQ:L GX <%d L
UXPGD DOW EDVDPDN P YH%#%Q LIQ IGR + RODUDN
UXVDO LOHUOHPH KO]O % IO \HWLGPHNWH YH

EX NDOOQOON GH=+HULQGHI® NPHINEHSWHQI LEDROMXIPOQ H G
VOUDVOQGD EHNOHPH V-UNOHODGOX\WDUKW HGHRPOQAI

puwobu J|VWHUPHNWHGLURO%IX YHQLKIHNGOGHP JHRP/|
7%dJGH P VW EDVDPDNYNDOORHONWBQIGWH dHN HNH
<%dTQLQ KO]OQD G+G+U-OPWRW R PYH DX DWPYH |U NI
VOUDVOQGD EHNOHPH Ve uHB@HOIQ(EIXQNW(RSQDBN X Q
LWLEDUHQ DUWPDNWDGOU GIPHNUL\W. NDOOQOO+-0Q0Q
UHNLO YH UHNLO fGHQ QWP GoH NEXHONKHS *]HULQGHNL
OHOHULQ GR+UXVDO LOHUBB®SBVK®¥H®H & HD ON
GDNL IDUNOQ VW EDVDPDOBRH KOJRYOXOD\DELOHQ |
GXUXPGD HQ D]D LQGLUJHQGLPL LpHoOPARRARDOOGOU
GLU %d oDOOUUPD VOUDVOIQIGLDDIWI\H'I@JHBFP-I-NCLLEDQRUJ Ql
GHQ ELULPOHULQ GR=UXVBBSoEHOG AR KOHPQDRO|WH’
QOQ Hu ]DPDQODQPDVO KWHOPHNL GROWFPPKRED ROGX
OHNPHNHSOHQLQ oDOOuUPD VIGWDVRIVQGONIO GHAL <]HUH
OHPH V-UHOHULQLQ HQ DF ROGXARYD\ LXXNDUWHOPO HQ [
HWPHNWHGLU .D]O RSHUDKDRIPOOD ROPQ CEDGOW
PDVOQGDQ LWLEDUHQ <%d %df\L LNL VHW ND

]JOVO VSUHVLQFH 7%d LVH <%df\L LNL_VHW

ND]OVO VeUHVLQFH %df\L LVH \DNODGAON G|U\

VHW EHNOHGL+L YH JHOHQ |DPDQ oDOOUGPD V(
UDVOQGD EHNOHPH V<UHVL RODUDN ND\GHGLC

+L LoLQ <%d YH 7%dfQLQ:0DOOUPD VOUDVOQ _

GD EHNOHPH VeUHOHUL VOIOU ROPD\DFDNWOU
$QFDN HQ NOVD WRSODP EHNOHPH VeUHVLQH

PYOLN «VW EDVDPDN NDOOQO()—&DQGD) HULL’ILO
PLUWLU %X oHOLUNLQLQ. QHG SE
LWLEDUHQ <%d YH 7%dﬂ%L"@“ﬂ/§h1%QL Hl_Uoﬂ-le HNOHPH
PH KO]O6QD \DYDUODPOU NBW EDVDPDN
QDNODQPDNWDGOU +HU \RX RQQ D@IHGBHU(%(NIQO LOH!
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JUDP %XF\UXV (ULH &RUSRUDWLRQ 7KHy @DQN ,QIUDVWU)
86% SS 'LYLVLRQ
%DKU $ (QVKDP $MWW UBWOHDWY Y H
OLQLQJ ORQUDK O\
(UGHP % DQG &HOHEL 1 $ PHWKRG WR V\Q
FKURQL]H WKH WDQGKPOGMDIOHQH V\VWHPV
WLQRO 1R
.HVLPDO $ 7XQFHU * YH gSHNR+OX % _ &URVV
SLW NRQYH\|UOHU YH PDGHQ VDKDVOQOQ \HQLGHQ OVOD
KOQGDNE-+URIOH ODGHQFLOLN .RQJUHVL
%LOGLULOHWILWDEO
$QNDUD

_.RoDN & .*UNo+ 16 YH <OOPD] 6 $1GLQ
(OELVWDQ OLQ\LW KDY]DVOQOQ GH+HUOHQGLULOPHVL YH
OLQ\LW ND\QDNODU< DIABIYV O Q@HWIMLH UL
.RQJUHVL %LOGE&UOWHU .LWDEDWDQEXO
1LHPDQQ 'HOLXV & DQG 7KLHOV 30DQQLQJ
DQG VFKHGXOLQJ E\ PLQH HTXLSPHQW DQG PLQH
VLPXODWLRQ SURJUDPV IRU FRPELQHG FURVV SLW
VSUHDGHU ;36 DQG GDRPHBAE RSHUDWLRQV
LQJV )LUVW &DQDGLDQ &RQIHUHQFH RQ &RPSXWHU
$SSOLFDWLRQV LQ WKH OLQHUDO ,QGXVWU\
5RWWHUGDP
5DL 3 $ FULWLFDO FDVH VWXG\ RQ GUDJOLQHV RSHU
DWLQJ LQ YHUWLFDO WDQGHP LQ D FRDO PLQH
-RXUQDO 01
8UDO 6 DQG <XNVHO ) *HRWHFKQLFDO FKDUDF
WHUL]DWLRQ RI OLJOLWH EHDULQJ KRUL]JRQV LQ WKH
$IVLQ+(OELVWDQ OLJQLWRWIEDVLQ 6( 7XUNH\
QHHULQJ *HRORJ\
(% KWWS ZZZ WHLDV JRY WU
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+LGUROLN .D\D '"HOLFLOHUGHX®®DQPIPO 7
7KH 8VH Rl +LJK 7HFKQRORJ\ LQL@W®HQ
ODFKLQHYV

($ .DQWDUFO * %X\XUJDQ
$WODV &RSFR ODNLQDODUC) gPDODW $ 0 7X]OD ,VWDQEXO

g=(7 .D\D ND]O LGUOHULQGH ND]OQOQ UDKKDW QD HPDOD EQH
|QHPOL ELU PDOL\HWL ROXUWXUP DM WWDIS\G UF L% X LWG0) IN DOD N
JHOLGUWLUPH\H \|QHOWPLUWLU

.D\D ND]OODUOQOQ UDKDW \DSO O PORIHNNVEDGHOMW OX\FRD VBRI
X\JXQ GHOLN G*]HQLQLQ GHOPH HVQ@ILVYRQ RD WDK® \DH D HNHX
*HOLGPLGO WHNQRORMLOHULQ DGR$WHWHADMNGOW LVEX | N\D\W €
WDUO\DFDN VHYL\HOHUGH GeG+U+UNHQVHG&DWID WHID LBIH @
X\IJXODQPDVO HVQDVOQGDNL KD V\DUWW WAULR D N WEDAISBD F &H
WRSODQDQ YHULOHU VD\HVLQG Hi INDMDS\DBE@FQOKRANP Q)G Bi’
VD+ODPDNWDGOU 6DGHFH ND\D \DSOWODEHLOLA EGHWDS
ND\GHWPHNWHGLU

%X oDOOUPDGD KLGUROLN GHOLFLLPDMNHRERERKHQNXO
VD+OD\DFD+O NDWNOODUGDQ EDKVHGLOPLUGUWLU

$QDKWDU .HGH®PHBGHWDNLQH GHOLN NDOLWHVL +LGUROLN

$%675$&7ULOOLQJ EHIRUH EODVWLQJ WR SURYLGKR®GN F
VLIJQLILFDQW FRVW Rl RSHUDWLRQ PIXPRAL QHH D QR \SX VK MAI
SHUVSHFWLYH

%ODVWLQJ UHVXOWYV DUH LPSRUWDQWW®R b W® KN W W R YEDHV I

ILHOG H[DFWO\

+LJK WHFKQRORJ\ DSSOLHG K\G WB)RYLLFG H RAMW GDROGLQD LA
UHIRUP DQG E\ DSSO\LQJ FKRVHQ GRUWIODVSVWWBY® \WRAH
E\ FROOHFWLRQ Rl YDULRXV GDWD MERXWEHRHAN.A\BAB GQLF
DGDSWHG WR H[SORVLYH FKDUJLQ\SBOBPNUWBE & RFRGRM\OMHER
GDWD WR EH XVHG LQ FRVW FDOFXODWLRQV

,Q WKLV VWXG\ EHQHILWV RI WK HEKHX SWHRKHIRDORG\ DSSO
.H\ZRUGM.OOLQJ PDFKLQH KROH TXDOLWRKEQ@GUDXNGLF 7UD
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*g5gU F
=t

'HOPH YH SDWODWPD IDDOL ﬁb QFLOLNWH

YH ND]O®O JHUHNWLUHQ LQ¢ 5H L4LQ
\DSOOPDVOQGD E«\N ELU o}
HWPHNWHGLU *HOLUHQ Vv LQ EX
X\JXODPDODUGD PDOL\HWO}F 2OXPOX
HWNLOHUL J¢Q JHOWLNOH D! = 'HOPH YH
SDWODWPD IDDOUHWOHUL%&“LgDOH&Mggﬁwwwgbuo
EXOXQDQ We+P SDUDPHWUH

GHWD\OO ELU GHNLOGH GH+HU®HQG LULSIPHONMEHGLUhVWW

3DWODWPD |QFHVL ND\D GHOWWHIQIGHRILEH®LQND\D GHO
NXOODQOODQ KLGUROLN SDRIHGWURO GN OGRDQAU L © DINLAMHHW
PDOL\HWOHUL JHUHN \DNOWURMUMNREB NYHD GDHIERH \DUD)
VDU! PDO]JHPHOHUL EDNOPOVDGHWLEEHW PODDDGHMQ NOUOD
ROXUWXUPDNWDGOU 7HNQRBORMDODNINQ EBNVOIFdOO KD
PDNLQHOHU «]HULQGH GHDWIHODAmPB\OYHHUOHNOHUGLU
LOHUOHPHOHUH QHGHQ ROMWHPRDXD L% DQWB UHDNGIWEDV N
WDVDUUXIX ROPDN «]J]HUH NORPONXIOBQL G OM®™HINW.DNIH  PD
YHULPH GH HWNLGH EXOXQDBHODRBNMWDGH EL WHNLO

PDOL\HWOHULQ G+G*UsOHFHBHM@QHENOMGREORMALOHEHN oDS

JHOLUWLULOPLGWLU NDUGOQ \+NVHN SHUIRUPDC

P G X HQ GDU
.D\D GHOPH LOUOHPOHULQGH ﬁ%ggé %QBH% (%LWH\
GHOLFL HNLSPDQ LOH GDUE[%N d@% %9 %*dh
JIUH LNL IDUNOO PHWRW NXOHODOQ EUN MQbvar
OHWRGXQ VHOLPLQH NDUDU  “YHU U HQ

X\JXODPD YH ND\D \DSOVO Jnmw4
EXOXQGXUXOPDNWDGOU .D\D 1
|Q*QGH EXOXQGXUPDN ND\GO\C

SDUDOHO GHOLNOHU GHOLQ E X

PHWRGODUGDQ ELULVL VHol =

PHWRGODUGDQ +VWWHQ GDUE oy
WLOPHVL

PHWRGX GHOLN NDOLWHVLQLQ \sNV
IDUNO® WHNQRORMLOHULQ V8 éB D
\[QWHP ROPDNWDGOU uHNL Q
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21752/ 6867(0/(506181 '(/e. x 3DWODWPD HQHUMLVLQL!
$/87(60 9( 3$7/$70% 9(506081( GHNLOGH GD-OOPDPDVO
(7.260 \R'XQ t’JDUM DODQ(")QGD !

8\JXODPDODUOQ EDUOQGD EHO \6% Gga E’
SODQAQD X\JXQ GHOPH LolLQ R %@ L&} % LBDOL\I
oRN |QHPOL\GL )DNDW JHOLUG &(E i
\DUGOPO\OD LQVDQ LQLVL\D 58

NRQWURO*QH GHYUHGLOPLUWIOY9&87 h677(1 $5%(/z .$<$

'"HOPH SDWODWPD SODQOQGV‘?O(\ s%%lgg(‘r’o‘fg%&vg’c%%m

H:HU ELU NOUPD HOHPH WHVIVE Y DY WHVLVWH
PDOL\HWOHULQ \*NVHOPH VLYWW HQ] GHQEMOLQND\D GHOF
QHGHQ ROPXUWXU DNVHVXDUOQ NRUXQPDVO Yt

gUQHN RODUDN GHOPH RSO DL %" ?é?}f"o"(g J"[')%LFL
Do®0O® \+]H\H GLN ELUELULQ 5?5\/
GHOLNOHU GHOLQHFHNWLU k%gg o

PHWUH ID]JOD GL% G&HOJ %b‘JQH LI\P OD]UJOS
i %ﬁ

SR]JLV\RQODPDGD KDWD \DS
GH+HUOHQGLUPH \DSPDNVO]
HNVWUD PDOL\HWOHUGHQ ED
D\D \DSOV UL H J
X 20XUDELOHFHN HNVWUD ER/Q/\mldw§HUL\W| HE OHQ Gl
HGLOHELOGL+L |O0*GH DLB UGHQ ID]O
oboOub0OOP PHWUH 8]3% L|]Q370g>< VLVWHPOHl

JHWLUHFH+=L SDWOD\OFO 4RO LVWNPE RS
ELU PDOL\HW ROXGDFDNWQI '\ 53&) 5RWDV\RQ %E

x ROLN KDWDGDQ ND\QDNOBYHPDLNRMWHLRQ 3UHVVX
X]XQ GHOJL PHWUDMO .REDRW SPDERORPWLN "HOJL %
ND\QDNOO RODUDN RUWSXWREONMDELGROONDULQJI
DNVHVXDU KDVDUODUOQEXYOQOXQBDBNWDOGPHYPH

PDOL\HWOHUL GR+DFDNWQYsED GHOLFL WDEDQFD YH
X '"HOPH KDWDVO QHGHQL\®P®P ROXQOFHR PRRWRPDWLN
EORNODUOQOQ WHNUDU EHEFMP ODWND DR X HRPOO  YH
KLGUROLN NOUOFO LOH WBRBYBEL &HFHANHPRNXWIP OLW
LQGLUJHPHVL LoLQ |(DPOHOQKHNOIHPHOOO GHOLN GH

KDUFDQDFDNWOU EX IDUN J|1OH J|u-O-U
J]JOHPOHQHELOPHNWHGLU
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D )3&, %DVNO %DVOQo .RGWQRUO®GMWHNWD\D \DSOVOQ!
JHHG 3UHVVXUH &RQWURO ,PBRFOMXN ER]XN ]JHPLQ LOH N

GHQLFL.WDNOPOQ éDUDU J|UI

7DEDQFDGDNL URWDV\RQ v Oy DUWWOS QR 5 0Fc
GHOLN LOoHULVLQGH ELU 9§RWD'\33 LbOC}B%DQFDL
PDOJHPHOHULQ YH\D KHUKDQ, JLLM 0 EL) \5%80'4 I
GHOLFL WDNOPOQ v0N0uPDDv %85' N\ﬁ RER*
VLQ\DOOHULQH NDUUO GDUEH\L D DOWDQ VLVWHPGLU
%X VD\HGH GHOLFL WDNOPOQ/dDUsBd/WgUPHEIZ (1 '$5% (/
HQJHOOHQPHNWHGLU '"(lo&e 0$.81(/(5'( %8/81%$1

21752 7
E 53&) B5RWDV\RQ %DVOQFOSR/QG'Z’6 R/

6LVWHPL 5SRWDWLRQ 3UHVVSDH RERWURODGUWROLN GHOI
,PSDFW \XNDUOGD DoONODPDVO \DSi
VLVWHP HUL GHQ ELU YH\D

7DEDQFD URWDV\RQX VD= OQ/L&SHQ\/ ,@Ig L@[% ROD<

NDUuOODuOUVD WDNOP -«

DIDOWPDNWDGOU )3&, VLVWHELlSQ(SSLHQ_ Il Hé‘(?l?o OuPDN
EDVOQo DUDOO+0QGD GHYUH\H JLUPHNWHGLU % X
VD\HGH VLVWHP NRQWUROOOHMNWURHNINOGMLBWBENHULQ
GHOPH\H GHYDP HGHELOPHNVDI-HJCGL@PO\OD ELOJLVD\DU \D]

KHVDSOI

F ~2WRPDWLN "HOJL %D“ORSdP\R/HQHSWS' DLUWWOUOOPD
$XWRPDWLF &ROODULQJ

'HOPH LUOHPLQLQ HQ ED/gIQIQERQMO %lY
DNVHVXDUGDQ ELWLQ EDuODDicl)E%E]_C\}_ i HL88HVIDQHDQL|

NOODYX] ELU \HU DoPDVOQ

GROD\OVO\C}[’) GHOL+LQ Ge]{~ Jﬁ FéH\bLSOOPD
LoLQ oDOOUDQ VLVWHPGL %X VLVW
GHYUHGH\NHQ URWDV\RQ V®\EIONF DN DELGUN MR\ OBD UEHV W H
YH EDVNO Ge+G N NDOPDNWDAGDOPONODN GHIOY FL PDNI
NOODYX] \DUDWOOGONWDQ WRQDLNJQE® EDEMN® VR@WNDOH

GD GDUEH EDVOQFO DUWPDNMWIIPONWDGOU UUHNLO % X

6 '3a oPSLos wbveorBPOLYWOHULQL RSHUDW|U-
’ QI % QFR LR VGQGD KDQJL DI

6LVWHPL 'DPSHU 3UHVVXUH,&ROWUI %D%Go 500 YH E
,PSDFW SDUDPHWUHOHUL LOH LOJLOL

%X VLVWHP WDNOPD X\JXODQDQ GDUEH EDVOQFOQOQ
GHOLFL WDNOP ¢«]HULQGHQ JHUL G|Q+<0t+Q+« RNX\DQ
ELU G*]HQHN \DUGOPO\OD oDOOUPDNWDGOU 'HOJL
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VD\HVLQGH GHOLFL PDNLQH
DIDOWOOPDVO DPDoODQPOUW

OHYFXW PDNLQHOHUGH PRWF
IDQ KDYD tDUWODUO QH ROXI

VR+XWPD NDSDVLWHVL\OH ol
UHNLGWODV &RSFR 'HOLFL @RNLGH st HloHoHUGH LVH

7RSODPD YH 8GOHPH 20LQsrNBEBO88B0¢D-006 RODU
%LOJLVD\DU <D]OOOPO oDOBGPDNWDGSU

<HQL QHVLO GHOLFL PDNLQ@;iD,\,],_kij,Jerb UESBKQRPRoX0D0
NRQWURO VLVWHPOHUL GHQLN. Y\RSEPOPYORDy EHEN | oH L
|00+GH HQIHO ROPDNWDGOY. 3RBRRERPApEHRIoHO H
G+]JHQLQH X\JXQ YH SDUDOﬁ%oW@DD\JLé! BlebooboPd )
EDVDPDN YH\D NDJ]O VDKDNP&%LﬁDWQBWRPODUOQ Y
HQHUMLVL KRPRMHQ RODUD N QRIARE®S 006 DO Ké'®p 3|
GDKD NRQWURO HGLOHELOL}§LY § DMARFOcKBAEBX 50¢c
KHP GH D\QO GHNLOGH EHNQHQYEHO M bbi WIRQH N H o
ER\XWX ~ YH NDJO\D X\IXQuu&Hd'QHED oONDUDN JLWE
ROXGWXUXODELOHFHNWLU v p.opppv6Q6Q \DOO VOUD

<(1p 1(68/ +8'52/p. '(/p&&HHTLUPHVL JHUHNHQ KRUW
08.01(/(5( (1(5-5 DQODPOQD JHOPHNWHGLU
9(500/8/26010 6$06/3<$1OLN NDOLWHVLQL DUWWOU
6067(0/(5 WDPDQOQD +16 +ROH 1DYLJD

<HQL QHVLO KLGUROLN GHOYHVY PHRUYHIHUTPEBRBRN *]!
NDOLWHVLQLQ DuUwwO®uUObdoPDHNRIHN NBRWEYBE VisMHWHPO
LGOHPL \DSOOOUNHQ KDUFDBDMLRABHWRERRBD vk NP N
NXOODQOOPDV®O GD GLNNDWRAPRIHPHNP 5R WSRO DR B WU N B~
VLVWHPOHULQLQ GH \DUGOPOAHYHFENAWIHLYHUEBBWHNOH
EXOXQDQ YH \DNOW VDUFHBWHQO®E 1d@kPHOo SODQOQ
VHEHSOHULQGHQ ELU RODQX\R)@QBQRWP@BWO%@H \DUGOP
GHOJL LUOHPL HVQDVOQGD VB\OHHEBRH W HWBQ FdND@HOLN
IDUNO® GHELOHUGH KDYD +9QHIWOFHYLOPLAVRQRLUP NBRFND
VD+ODPDNWDGOU 7HPHO CRE®PHNNHQAQGHOFLNH\GH I
EDGODGO+OQGD LON ELUNDBSPARRNGXUD 6AJIQIkHO ROP
WHPL]JOHQPHVL LoLQ JHUHNGH Ofdh pX\BX QR BB BDUSRGD

VRQUDVOQGD WHPL]OHPH LYHOHURQUNBPPRYBFIY/NEHEL\
KDYD PLNWDU® IDUNOO ROBHMNNWBONWHSIYHY $YPFD ¢
.UHWLOHQ KDYDQOQ PLNWDV®RWHRGAIDBBYPHRASODU
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\DNOWOQ GHOJL LGOHPLQH H UNDW PR Q@ VDWAD@RD Q VD+0D
VD+ODPDNWDGOU UOUHNLO VLVWHPOHUL JHOLGWLULOPLAUG

+LGUROLN NRPSUHV|U KDYI
VR+XWPD VLVWHPLQGH VD=(
\HQL QHVLO PDNLQHOHULQ

/ . VD+ODQPDVOQD \RO DoPDNWD

$\UOFD ELOJLVD\DU NRQWURC
VLVWHPOHUGHQ DOGO=+0 YHU
YH RWRPDWLN SR]JLV\RQODP
. \DUGOPO\OD SDWODWPD GHO
UHNLO +16 6LVWHPLQLQ 9H§JCIJ.D%\B)U)8JXQ G+]HQOL GHOL

%X VLVWHPOHULQ \DQO vOEDIOHPDYWDH AND\D
GDUWODUOG LoLQ GR=UX G'B'/q_loFJLLV\S%JU (E’H\?th'bl_ NRQV

NXoobQOopPDVO  GD L*lNrROD\OD

VD+0DORDVOQD NDWNOGD EF%%@%% HHéﬁHL XS vo.

\XPXGDN JHPLQOHUGH NXOOp C@P\? éy Q\DSW‘
B W&Bv

EXWRQODUO®QHQ EDOLVWLN %Ub[b CT%)(‘.‘JCVD[J*
ELULP ]DPDQGD GHOLQHQ PHWUH
|QHPOL |O0*GH HWNLOH\HFHMW®WQXo RODUDN KLGUROLN
EDUOQGOUGONODUDO \HQL W
6218d/$5 ELULP PDOL\HWOHULQ Ge+U
$UWDQ SHWURO IL\DWODUO NROWV &WIOPEHNbNLYOWMQ U EDN
*.UHWLFLOHULQL NXOODQOE®UODQIOFOIBWWHO D |@GHG!
WHNQRORMLN JHOLUWLUPHOHUK ¥eU+NOHPHNWHGLU
$\Q® NDSDVLWHGH YH\D GDK ID]O VOQO GDKD D]
HQHUML VDUl HGHUHN \DSRDHO4XPDLO®\DED/MOINPYV $WODV &
VLVWHPOHULQ JHOLUWLULO¥HVELBR JRUXQOX KDOH

JHWLUPHNWHGLU '"ULOOLQJ &RQWURO 6\WWHPV $WO

GZHHGH%
%X GR+UXOWXGD LQuUDDW DGHQFLOLN

IDDOL\HWOHULQGH |QHPOL °*BEWODVURRSFR\PDBNDHH 'ULOOLQ
KLGUROLN GHOLFL HNLSPD®WOUGHRSIRs 'O PO HEYR §ZHHGH
NDOLWHVLQGH KHP GH LUOHWPH PDOL\HWOHUL
NRQXVXQGD ELUORN JHOLGPH ROPXUWXU 'HOPH
HVQDVOQGD ND\D \DSOVOQD X\JXQ EDVNO GDUEH

YH URWDV\RQXQ VD+0ODQPDVOQD \DUGOPFO
VLVWHPOHULQ \DQO VvOUD GHOPH LoLQ JHUHNOL
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KPHWOLGLU 'HQH\VHONDU GO OROPQOWMHSBINLVLQLQ \
HPOHQHQ EX ]JRUO XN OH®IDO HNEDLWDILAQG N BHOWVMHW YHUC
LOPH o|]-POHPHOHUL \| BWEPQGEUURNG HE KO]GBOL+LQ
LOHUOHPH D\GHGLOPWOMMWPDYHEDYSO@FOQO KH)
ELOJLVD\DU VLVWH POH LQ|LQIPPM(BZIDI\D@FKG).QII|&D@UD$LE(HHO@Q@
vD\OVDO JHULOPH o] P O FBRJHHO/W X UGIL GN_I-Q\D:PS_(]&IDQPDVO
ND\D SDUoDODQPD PH ND @QIRDDN -« HRM OQGHO UHDNVI
oDOOUGUPDN LoLQ GLPGLOHUIGHH BIIQV Io@REHNXO GRAO B H VL
DUDo KDOLQH JHWLUPLGUWLRODUDN WDQOPODQPDNWDGC
SDWODWPD JLEL GLQDPLNGRNOXG®DIQP D |OQPMD\D JHQHOO
\DSOODUOQOQ EX \+NOHU RODBOFPDRGDBOUWHEBREXL@WI
NHVWLUHELOPHN LoLQ MNEDWO QFD®MG®@HVRRRPOQL LoLQ
GLQDPLN PHNDQLN |[JHOOLGIKGIH Q EGBOQNOHROHVL '
ROGXNoD |[QHP WDuOPDNW RGEXO® D FD\@DDADDQ GHWL O P G H
0|]*POHPHOHUL \DSOOPDGDQN®WFWO HEXLoROBUPR HULWO
NDSVDPOQGD |QFHOLNOH oNDI\ID DD EPPHYEQQQQ KHVD.
GLQDPLN WHN HNVHQOL EDNDYD G HBR@IP GEHINOHP O
NHVWLULPL LoLQ EDVLW DIEDHOG|DJ\DLGEDN’ID.MMDCHI.UNNLULOI
|[QHULOPLUWLU dDOOUPDRENHWW LIDGIE OHYXHQ
NOVOPODUOQGD LVH <0 ER\XW.O0X VRQOX IDUNODU
vD\OVDO \|[QWHPL NXOOD sDUDN SDWODWPD
\*N+QH PDUX] ELU_ND\D N= ww[vg;m@mv\;@@@@@@omw
DUDuUWOUOOPOUWOU IUDKDWVO] HGLOPHPL
)/ $& VeueP JWDVF\ER XQOX= ] OVO RI
SURJUDPO NXOODQOODUDYNJ.PSOHPHQ R@@é@PLI\yDELW
vVD\OVDO o|]*POHPHOHUGHND $B @V HVN_ DUOMNLW KDFL
ROPD\DQ EDVLW VD\OODERQB BN GRLU | §\ WQBWBDWPD
KDVDU DQDOL]L\OH VLOL@&iddNRED YD D
GHOL+-LQLQ EDuDUOOO EL JGI@N%Q@HRMD DO ﬂ@%@@l\l
PRGHOOHQPHVL DPDoODQPPENY QU KHOR PO HO HYBHO G DI
IDUNOO® SDWOD\OFO YH ND@ U \:4 HUW B0 |Q*QGH
EXOXQGXUXOPXUWXU %X WHRY oDOOUPD\OD HOGH
HGLOHQ YHULOHQ 0u0+060Q GID—[—ZE U SDWODWPD GHOL=L

OHYUHVLQGHNL KDVDU E| VA % r
NHVWLULOHELOHFHN YH éig %LJgg{,c
ROXPVX] HWNLOHU HQ D]D : ,\(p ug 30PDP

1D

J|10
JHU
ELU

EDVOQFO VDELW KDF
<gl7(0g1 $1$ +$7/%$5, WDPDPODQGONW DQ~ yRQUD
3DWODWPD %DVOQFOQ +|1|Jy'§ Hggb\?gEELDV\\// KQDFFOL%DSS

%X oDOOUPDGD ND\D N-WehVViEQGHNEpWEObPOHEDY O QFC
JD]ODUOQ ROXUWXUGX=+X EDMAORY @H_@HNQL\Q ROXWD & D\
KDVDU J|] |Q*QGH EXOX®BEHEQBDRAGIWDYOG  I1X0O0

%XQXQOD ELUOLNWH E@ibGWO@ @NQ%EV?F%@QMEPD

WDUDIOQGDQ +DR HW DO DuD—g@@LENJLDEDIQL WY DBE@DQDI
&KR DQG .DQHNR -RQJ HW DO
/HH HW DO 0D DQG_$@& HOGH

HGLOHQ VD\OVDO o|]+POHPH VRQX0o0ODUO VDGHFH

JHULOPH UGRN GDOJDVO3DNWIOIRPN OBD VIOMWHDU SDW O D\(

PRGHOOHPHOHULQLQ ND\D WPWDPINQQONRYSDWOO W RRIHOLN
DGODQGOUOOPDNWDGOU (uL
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LQILODN EDVOQF® WDPDP HPD WD B UDRP Gur L&D WHODOOQ RO H U
GHOL+L LoLQ JHOHUOLGLUEDB®QBBD DHWNLX QRO P®M WD C
KHVDED NDWDQ GHOLULM EBIVOQFO 3

20VVRQYD J|UH DUD€@FDOVIH IRUPEPOMOHPHOHUGF

KHVDSODQPDNWDGOU SDWOD\OFO® |JHOOLNOHUL

L g]HOOLN $1)2 (P-OVL

%XUDGDNDYUDPD RUDQO

NDUW X @ @IDE G Q1IN RDB

LVH JHQLGOH\HQ JD]ODU : |

*VWeG+U YH DUD+OGDNL HMDW@LNLQJ-DU@-Q/II)SI-‘D\/DIQIQU—IGH

JLENHWW DQG 'DYLV EDVOQo ]DPDQD ED+0O ROD!
. ND\D SDWODWPDVOQOQ GLQD

IL8sE, ELU uHNLOGH \DSOODELOPHVI

LQL

EXUDGD 4 SDWOD\OFOQ
NM NJ  (GLWOLN  fGH dE& % g)ygﬁ#’@PHN
DG\DEDWLN VDELW NDEXO \%
EDVLW RODUDN D+®GDNL Hug3 ég’
IRQNVL\RQX ND\D N- WOHVLQ

7
L . @A EDVOQFOQ ]DPDQD ED- oo GD
A Lo % DOQOOPOUW %
L YRQX2 RODDR N GHOLNE@% @OH%Q)%JFDWB'—DHLS?J‘%DNL
GHOLN EDVORFDOGDNL OL| 3
KHVDSODQDELOLU Lv @' "F FHA

‘L@;zA@jX EXUDGDGHDLN EDVOQFOQOQ
%X o0DOGGUPDGD JHUOHNGHE L“Mﬁng V& OE X Uoe
ol]:POHPHOHUGH 1:NVHN GHOWN KAV PFeuHAGH ) 3D
HWPHN LoLQ \*NVHN LQIL@®RyKS] OVSQWQ/\P\]@ED(?)gG:U
G+G+N GHOLN EDVOQFO HOGHphBmH N L@ Wil iori Bo6 o
LQILODN KO]O® SDWOD\OF S/NH\QNQ,%LNu\AELM,WQ)hpP)p@@@p‘
LG VINVAN LOIL0ON KGR0 IKAEROTahe o v
HP-OVL\RQ WLSL SDWOD\OEQ o Sahm &RGLODN KOJOO
SDWOD\OFO LoLQ LVH $1)2"”£ﬁ§é’ SDWOD\OFO
TG OR X OGNS ST 2 W R DN K310 9

PV YH (P:OVLIRQ 0 PL?QAL‘DQEHIIEI'_%L\?C])Q.\H%DVOHQPOO]I

WHRULN LQ¢LODR K OGO UM
LQILODN KO]O [O0+POHUE,
0DOOGPD\D JJUH $1)2 LoLQPR

PV HP:OVL\RQ WLSL SDW alq| [t BN XK Haa &
PV RODUDN EHOLUO 0 PPN D b D
DQDOL]JOHUGH JHUHNOL R N ED VO BE B W
SDWODWPD X\JXODPDODU 32 oLl

NXOODQOODQ PP oDSO O LAY 9)

GHOL+L LoLQ SDWOD\OFO PDGGHQLQ SDWODWPD
GHOL+-LQL WDPDPHQ GROGB(Ué-x—x—YDU VD\OODUDN
((LWOLN NXOODQOODUDN KHVDSODQPOGWOU dL]JHOJH
f1GH EX oDOOUGPD LoLQ WHOQPFK LREHG®HUNOEHOLUO

VeUHOHULQH JJUH VIQ*POlI
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KHVDSODQDELOLU %LUORRUDOOKNWOUCHFII@OQ W HHEL U
\eNVHN EDVOQFD HULUGPH JHMRDQHS QRUDBLAMNDO®QGD VWI
PLOLVDQL\H RODUDN EHOLHWPHNLQHUHEB-ORHRO MURKR GD
]DPDQGD _  HQ \eNVHN EDWRQHFR XOHDWRPLP  RUDQOD
]IDPDQOQOQ SDWOD\OFO WDSLHHV LSOO D\HDUFIGERHQJI H L

vVOQOUODQGOUOOPDVOQD EDYORNWRQRLVIN +LQLODHOGH

PLNUR VDQL\H ROGX+XQXDNPpDNBOPOQU GHIHWHNPHNW H
|O0+POHUL GH YDUGOU 6DKDURQPHRWD®O \*NOHPH PD?
6D\OVDO DQDOL]JOHUGH LGHBOIRHNWHELQ RGRDWION D
LQILODN GDYUDQOUO J|IXWKOBRBODEDWGD\OFMDUGOC
PDGGHOHU LoLQ PP oDSGRUGDNODLEDU SRWDPMWNPO]JHOOL
GHOL+LQGH WLSLN VD\OODNXOGBRR GRIDDQ|QWHPOHUOH

V \eNVHOLUG V*UHVL HVDV D pVAVGHPUOLIONWPQ UW LH N RO L HAMH DO
(ULWOLN, NXOODQOODUDN HOGH HGLOHQ WLSLN G4RN
GDOJDVO LUOHYOHUL VXQXOPDNWDGOU

EH
JLEL HWNL
‘HULQLP  %LULP 'HIRYEDRANQ
2UDQOQOQ 'D\DQOP hJHULQE

L
*HULQLP RUDQO YH\D ELULP [
ELULP GHIRUPDV\RQGDNLGDPBDQ®O
GH+LULPLQ RUDQO RODUDNoWME
VHPERO+ LOH J|VWHULORHNWOE
RUDQOQOQ EHWRQ ND\D VHUD
PDO]JHPHOHU JLEL GH=LgbbwoPrKH
PDOJHPHOHULQLQ *]JHULQGHNLILHWHN
DUDUWOUPDFO WDUDIOQGDRQU PO 6 O aXOPWa& OO @ 0-OxY Hid
DQG 5RVV %LVFKRII DHESL S PlUy
=KDR *URWH HW DO pog) X3\
/L HW DO =KRX D P RW D,

%X oDOOGUPDODUGD JHUL@QHBJRUDQO DU

DOJHPH GD\DQOPOQOQ GDemdY WBFBQO®DUEDI-\HUDOWO
O RODUDN NDEXO JOUR-UWeWUHN\DUWPDNWDGO
QL+L X\JXODPD DOPEHOHUGHDQ MPDYDYOPO Y
H
H

(e
O—+r
(@] EC

DO

oY

*URWH HW
WWONoD

OHULQ PDUX] NDO GONB®UDNINRQYPVRUNOMHYL HOGH
Q VIT\H NDGDU oRNRUDQOLBDUBIYJGD ND\DQOQ GL
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DQODPDN ROGXNoD |QHPCPDAJBPHAXYL QHGKQOHHQHO \
ND\DoODUOQ GD\DQOPOQOYHUPMNYHRG LRIU DAX® XLOAD ELL
ELUOLNWH DUWOUGO |]JHOOIRH VRQ NDWOWD \®]WO O GNIDU D
ELUORN DUDGWOUPDODUD NFHRHX (RPROIINWIMWXILU gUQH=LQ
.D\D _YH EHWRQ GD\DQOWRECAQWRIKDURQOPLOLQ $ NDW
RUDQOQD ED+OPOOOO+0O UES$RUY HW P WHRIUL LOH
DoONODQDELOLU %XQODUGDQYG ELULVLVWDWEND GVHN
JHULOPHQLQ DUWPDVO\ODGD\DQDE®E O JHU LABMHRIODQ JUI
DUWPDVOQO EHOLUWHQ -HWDQEW (UGWOIXQOXEH YI
HWNLVLGLU %LU GL+HUL L¥NVHN ULIQY P\HRRWHDNAO DUHWIO@!
QHGHQL\OH PLNUR KDVDUORUD@O DDWQ@EN O R W XIQ & QDEH. (
YE JHFLNPHVL YH\D D]DOPDY®GW U% X< INOCHRHO UPD VR (
RUDQOQOQ DUWPDVO\OD QNDDmUWHULNVQ QEMHWRLQED\GD\D (
NXVXUODU YH\D KDVDUODW LsSMW®»QGDRIPD L O4LWRNELQHLQ
|QHPOL ELU NDWNOGD EXOXRDIFHNIGLQUVDWO
EXODPD\DELOLU .

V. YH GDKD \+NVHN JHGB‘E@LP RUDQOQGD
\DSOODQ oDOOuUPDODU 'R DRIMNH ERVANROX «]H
GD\DQOPOQOQ \*NVHN JHYHQBRPBIBDQODEHRQABEPOHQ
(ALWOLN  fGH YHULOGLyWUDbEP REJIG® @HABUO S
ELOHFH+LQL J|VWHUPLUWIR :
*UDG\ DQG .LSS JHULQL

1 DOOUPDG N
e GX\DUOO+0QGDQ \+NVHN
0Q L

VDELWLGLU /LY\H JHUYUGLPNUDQO GH:
PDOJHPHVLQLQ GLQDPLN WANO HONOWMH@OOD EDOYGBQ
GD\DQOPO X\JXODQDQ JHUGRWUPQ @POQ6GR D EMFNMO 1
RODUDN DUD+OGDNL JLEL KMMBEBIO® QWEILORPHNWHGLU
VHYL\HVLQGHQ VRQUD LV
FisioleL GLQDPLN EDVOQo  GD\
EXUDGDNDAD PDO]JHPHVLQLDUYHONWIRP RPN UOQ %L
HNVHQOL EDVOQo GD\DQE GOU /LrROD\OvHVW DO
(GLWOLN NXOODQOODUBN JHWERUIPD VIRV
GHQH\OHULQGHQ HOGH H&OOHPNRWPBWDPRDED\
YHULOHUL NXOODQO®ODUD N DH\ bRYD AN
GLQDPLN GD\DQOP YHULOHQHRDGHEKX
HW DO NDWVD\OVO
=KDR YG E WHN BRVA L
GD\DQOPO YH JHULQLP RUBGBO b
LoLQ \DUO ORJDULWPLN ND\®L
|QHUPLGUOHULGLU VWDW
P LOLGNLQLQ DGD-=
‘Rgbwi L # 218, €5 E &y JLEL RODFD+O WDKP
EXUDGHYHE4-O0UDVO\OD GLQDPLN XHL Y WO WLN
\eNOHPH KO]Or RODXGD W1® N
03D VIGLU YH $ PDO]JHPH VbL%\EWYJ B@K%R“]JUDQLW
LoLQ \DNODuUON EXOXQPXUWX =KDR HW DO
E %X HULWOLN N%“U%OJD@Q ND\D
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UHNLO 9fGH ND\DQOQ EDWOEO DGEDWEDIRNR G D NELL U N
GLQDPLN DUWOUG IDNW|Us VGRIDPIDW VGDGBHQO PEXQUHN L O (
VWDWLN GD\DQOPD RODQ RUBR O ((MAVOHNL QLA LRUBQA H L
DUDVOQGDNL LOLUGNL Lo QVR)@XszxD@JlmKD@D INQCHULGLGDOHDG W
HGILWOLNOHU NXOODQOODVRNXHOBGH WHISWPHIQWHIGLGL + H

DUDUWOUPDFOODUDQ [QHUPLU ROGXNODUO
UHNLO 'LQDPLN DUWOUG IDNWPHQLADQODX GPOGERDGD:
NDUUOODUWOUOOPDVO

%X oDOOUPD NDSVDPOQGD%X BEROOMER GILYRPLRYGLULN
VD\OVDO JHULOPH o|]*P O H®HOUHURHNX®D ONDMO O MYW I H V L
\DSOODQ DQDOL]JOHUGH RODUDN EMWADWQRARD YH G
GD\DQOPOQOQ (ULWOLN  RHRXQBRH EG DN QD@ DOD W L
ybDuvD\OoPOu WOU %LU SDWVDODWWRDO BGHOWOILUQ L Q0 RBEN O&R
OHYUHVLQGHN ND\D PDO[OIPHNWIQHGH|UHQIHQR®PH NO
DQOQGD ROXuDQ JHODQLW DR’\/UICQ(DHULOPHOHU DUDVOQG
DUDVOQGD GH=+LUWL+LQGHQ ,&Dlue

(GULWOLN NXOODQOOOUN'?-;IQ D ELU GH=<HU

RODUDMULQLP RUDQO GHHULQLY ? LR Y N WH G LU

XAWIXQ EXOXQPXaWXU %XUDG(I]H ¥6UDVO\OD H¢
. YH 0N DVDO HWMR\® JI
.D\D .WOHVLQLQ 'LQDBRIpN QHFBMQQQNQ N R.K HY\HR QKD \Y
gJHOOLNOHULQLQ %HOLUOHD@FU‘}MPHVLQLQ LOVHO VeUW-
%X oDOOGUPDGD GD\DQOP DBHIOWRLEWH IHNQ NDYNOB®VDO
ND\D WLSL VHOLOPLUWLUD]OOXQWMIU NDRARVRRO]HPHVL
GD\DQOPO® ND\D LoLQ JUDEPMY Q¢ @QRN\DHONPKQ YE KR DU
G+GsN GD\DQOPOO ND\D LoHGULIHENRKPWDUO FLQVL
ND\DoODGOU %X WeUGHNL NDbBod@&®]HPHOHUL LoLQ
WLSLN VD\OODELOHFHN VWOWEN, #HNDQLN |[JHOOLNOHU
dL]JHOJH YGH VXQXOPDNWDGOU
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LIHOJ dDOOUPDODUGD NXODMWQAESO® QU D\MDODED O HFRH
JHOOLNOHUL

— O

*UDQLW XPWDub
6D+-ODP ND\D PDO]JHPHVLQLQ%XWMDWLN. PBIKIDQLNRQJIJXOGDN
[JHOOLNOHUL 6LQJIJDSXU 7+UNL\H

=KDR *HUOHN YH 0<IW+R+0X

7HN HNVHQOL EDYOQ@8DsD\DQOPO 1
<RXQJ 'HIRUPDV\RQ *B®G+0+ (

3RLVVRQ RUDQO #

<R+XQOXMJ!P

'ROD\OO OHNPH,GD\DROPSO 1

+RHN %URZQ GD\DQOP SDUDPHWUHVL PL

LWOLN YH 9JGHQ \DUDGB RYPOYVUDN BEGFE®R M ND\C
NOHU DOWOQGDNL ND\D PDOJHPHVL Q@ Q\RRXQO X+ X G X
RXORPE \HQLOPH |Oo*We (ULWOLN YH LOH KHVI
5>q01® PDOJHPHVLQLQ GLQDPLN WH
Bixia b tRageia Bgo g Prixia GD\DQOPO YH GLQDPLN GHIR

GHNOLQGH \D]6ODELOLU SKERUOHULYXRIOFPNWDGOU
GLQDPLN DVDO JHUW{cONPDH 1 .
S cowiolhi9a o 0 Q0%

PDOJHPHVLQLQ GLQDPLN
D\DQOPOGOU =KDRY\D .D\D PDPJHPHNVDORQDQLW . XPWD
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GLQDPLN \+NOHPHIP NRYR odU@@MBONDRUWWDH
QLQ \HQLOPHN*WOh¥ ng. D\DQOPOQ Y
PDvémb@H}mmoﬁ%Tgeg UJHOHULQLQ WDKPL
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HVLQLQ GD\D %%@%HWUH ROL
HIRUPDV\RQ | HUPosW R %EH@wUWL
RUXOODUOQGD LE&@P HASGHPEIQ MRRORMLN_
UGH ND\D PDO] G \%ﬂﬂ#QﬂQﬂﬁﬁPUWO
LQDPLN GHI v N EQYIQ.lplQ GH M
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dL]JHOJH *6, GH+HUL RODQ NMOON,WOR¥¥XQOQUO  YFH
GLQDPLN PHNDQLN |[JHOOLNSQ@HOHPH

.D\D N*WOHVLQLQ*GD@DMLN XPV\P'bQJbQ \HUDOWO DoONOONODU
PHNDQLN |JHOOLNOHUL RUWDP WDUD'OQGDQ
(uroro *3D YDUVD\OOOUNHQ \eJH\ YH \e]]
L 03D \DSOODUOQOQ \DUO VRQVX]
Fe 03D YDUVD\OOPDNWDGOU 6 WDWI
2o VDELW YH\D HODVWLN VOQOU

ELU PHVDIHGH \HU DODELOLU
dL]HOJH fGH YHULOHQ GILEImALAL NNDAD\ W W@ HMWLREOHP (
GHIRUPDV\RQ yRsRGEQQ DPLNNRBY O ODUO GOuUD GR=UX \
NeWOHVL OHNPH wB\DNDABPRGHIOLQ LoLQH \DQVOPDVDOQ
N*WOHVLQLQ GLQDRIcN, WRKHJHNDL F HQHUMLQLQ _ \D)
ND\D N'WOHVLQLQ GLQDPLNHWAHOHMWHYMCERWP H*BQOY (ELU
% 6o GH+HUOHU ND\D ERXD O NRPUHRVQXQLQD]DOWDELOPH
GLQDPLN WHN HNVHQOL FE[DOQ(Pi(PHQG@\D\IQ-I@RBQ_QQQ POF
fcig ND\D PDOJHPHVLQMWMDQGUGEDBLNDQVO\DQ GDOJI
GHlRUPDV\RQ PR& - OH *6oR+XQX DEVRUEH HWPHNWHG
GH+HUOHULQGHQ \DUDUODI@F@@I—D@J@’\DLV\DUHV@\CK[H\FWST'@\E
YH 'LHGHULFKYV +RHN R\NGAURIOWPDNWDGOU %X R
YH +RHN HW DO TGH |QBINGQEQNEDLQAQW OOMHUQDY

NXOODQOODUDN WDKPLQ HG®EYRIWEMLUH GHNGO QudD®HL &b 0
LoLQ EX ND\QDNODUGDQ &D@@@@DGDODEU(DMLODW\O—D/Q
HOLWOLNOHU DUDGWOUPDEBQRDUDMOMWED OQPHY YH * XK
RODUDN VWDWLN GXUXP LwDQ YI®OWLEPG 0 WIHO LEQWHDIN. O P
EX oDOOUPDGD ND\D PDONKRIODQ@b QPG NWDRIMU

WHN HNVHQOL EDYQQOHCGDDDBM@ROQPIPHQLQ ELU \DSOQC
PDOJHPHVLQLQ GLQDPLN GWHSNIDM\®RIQ PREEOWURO HWHF
(lesso VWDWLN RODQODUOQGDHEHRWL O OAODNPN SHUL\I
HULWOLNOHU GLQDPLN GXWoHOUH) RODQGDODIWN GD
HGLOPLGOWLU ELOLQPHNWHGLU &ORXJK DC
%XUDGD EHOLUWLOPHVL 'DHEHRWYRQ E|IQHRMNH ROADQ PDM
KXVXV LVH GD\DQOP ]DUN) QGG KW AN XDXYBIGMID+HUL \DS
RODUDN WD QHRPDLAD G HDBOWRIWWEH HWPHGHQ |QFH oR®M
ORKU &RXORPE GH=+ LuWLLPG@i@LI-QQDFD]‘HWJQ Gl%XQXQOD
GR+UXGDQ ELU HWNL\H vBQQéHRtbe J|]

0DOBGPDGRee 1GH-HUL XUXOX\RUVD ORKU
PDOJHPHVLQLQ GLQDPLN tha/% |O'
GD\DQOPOQ GJ|UWWH ELUL D

GH+HU GD\DQOP ]DUIOD

\DNODUGON RODUDN WHN HN\ &%By,b (i?\,éfVQ;D
G|UWWH ELULQGHQ D] Roe,;g D@wg«m

\HQLOPH\OH LOLGNLOL RODngOIbR/\fs LNVQLlpHP lbl-HpH
GD\DQDQ ELU JHULOPH GDW@@@QQ@@@QOGOWH-IQ:NH_I\VL
HW DO VD\OODELOPHNWHGLU
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3$7/$70% .$<1$./, +$6$5D00VOIND\D PDOJHPHVLQLQ \
%g/*(/ (506181 +(6$3/$10%$6, EDVOQo G D\D QP\® BDO]HiPHV

.D\D N*WOHVL LoHULVLQGHO Hg QE gwo(
GDUMOQHQ LQILODNO\OD
E|OJHVLQLQ \DUOoDSO EL %%E’) ‘JJDC
gd
1

| QHPOL SDUDPHWUHOHU
GDUMOQO OoHYUHOH\HQ
SDUoDODQPD VeUHFL |\O

D
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U PDWHPDWLNVHO DoON P
LOGLU 3DWODWPD GHQ

SDWODWPD WDVDUOPOD
c,i
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L ] ,54 UoD
.- L@%@gﬁs«gﬂ
DGGHQLQ Je+F- ND% P
D\DQOPOQD ED+ oo RODU U ‘8 ISP H
IDODQPD NOUOGOPD E|OJHMUP JHVL YH

LVPLN E|OJH RODUDN DGOD@%@UOODQ E|OJHOHU
ROXUPDNWDGOU UHN L §——="

uod
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N

H

E
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X
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tisiau

%XUDGIDWODWPD GHOL+LQLQ
SDWOD\OFO PDGGHQLQ 4R+XC
SDWOD\OFO PDGGHQLQ HIHNW
WDPDPODQPOU UHDNVL\RQX(
RODUDN NDEXO HGLONEWDLL
PDOJHPHVLQLQ GLQDPLN WHI
GD\DQOPOGOU 03D
;X YH /XL HODVWLVLW
NDOOQ GXYDUOO VLOLQGLU ¢
UHNLO 3DWODWPD VRQUDBUNQ@QBDN GEHO@IHYV ELYDUSO@GEH Q
ROXUGDQ NOUOOPD E|OJHOHRRGHO |QHUPLUOHUGLU %X
E|OJHVLQLQ \DUOoDSO GHOL
3DWODWPD GHOL+L oHYUHGH@EN EOXODEOXNDH N@QRD PD
E|OJHVLQLQ ER\XWXQXQ WBHRDQDOROR® @ LMHU DWOBIGHG |
ED]O \DNODUOPODU |QHUUDWIODMLE|O8HVAQQRD\DUOOD
E|OJHVLQLQ E+\*NOe+++Q- Q NQHWLUI:IIQLQIBI D QM/@L N
\DNODUOPODUGDQ LONL K Pi\ké%q—\A/DUDIOQGDQ
WDUDIOQGDQ |QHULOPL aBL %VKLQ

XIDODPD EJOJHVLQGHN NONNUIQ@'I-'PCYLULPF OopU D @D W O D

LIRWURSLN VONOuWOUO@IP@j}]VL Q @'QSI—SEDDY\}&) FE

NRKHJ]\RQOX ELU RUWDRD\BR HpPHMNAKD | Q oHNPH G

WDQOPODPGGWOU %X PRG ‘G LAIGHSSHOP O

HOULWOLNOH YHULOPHNWHG|l(jJO.W.QH GD\DQDQ ELU PRGH
56 _

MLNQO%>,>E(I)%;& A DPPRPGH GH XIDODQPD E|PJHVI
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%XUDGPDWODWPD GHOL+LQHEM: dIUDOPSO LOR YHULOPHN
% GHOLN EDVOQFO 3D BMWJIDMWPOLKEHOL=LQ QD\DUO
SDWOD\OFOQOQ DG\DEDWLRDIH@PHVH BH Q'O ENWH SEMP Q ¢
(GLWOLN F ND\D PDO]JHRIHVAIN @ ORa®dU 3D

3D ¥ ND\D PDO]JHPHVLQLQ LOVHO V.UW+QPH
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.DQFKLERWOD YG X|D@$QF6[$/B|D$J/HVL(<5LQ
\DUOoDS~OQ~O EDVLW RODU @ P BA
EDVOQFOQOQ YH ND\D PDO % K d?c? Wi ob
EDVOQo GD \DQOPOQOQ g‘ NDUP
WDKPLQLQH \|QHOLN ELU JHULO
%X PRGHOGH XIDODQPD (E|R IQ L@% |:éJ ul,JVLU % C
PP % X GXUXPD HGHQ ROC
NL N¥2, &y oRN \eNVHN KO]OQD UD+PHQ
ND\D LoHULVLQGH \D\OODQ Gl
UHNOLQGH YHULOPHEBMWGDWRBWHDEPPHVO JIVWHULOHE
GHOL+LQLQ \DUODbQHO@DRPERWTIROFO PDGGHQLQ LQILO
3D Y:dND\D PDO]JHPHVLQL@ WHANWNNVROOUDN G-u-Q-OH
EDVOQo GD\DQOPOGOU 3DER\XWOX GLQD LN 0|]*POHPH
+XVWUXOLG WQ_QJWR?J:HOLKQ\% u VLQH \I
E|[OJHVIQEQDWLN RODUDN YW B bQMB F bILODN KO]
0

PRGHO |QHUPLUWLU %X SHOWON ULV R |§3]|§/1(y‘b_DV(~)Q

XIDODQPD YH oDWODN E|OMNQHWKHLAQUA M HEWH b QU eI HI
NDSVDPDNWDGOU %X \DNO®] KD NCDPW PHVL V
\DUOoDSO SDWOD\OF® HWNL \DUOoDSOQD HULWWLU
+XVWUXOLGTH JJUH SDWODWPD KDVDU

E|OJHVLQLQ \PUD oD®EH:@IBP L JLEL
YHULOHELOLU
4thW4{\I§79|2‘ §6—ag
%XUDCSDQWQDWPD G
SDWOD\OFO PDGGH
ND\D PDO]JHPHVLQLQ \
$1)2 \R+XQOX=+XYH, 6
PDGGHQLQ $1)21\D J|
(VHQ YG X1
0

QLQ \DUBOoDSO P !
R+XQOX=X J FP
Q .

XD(HNI\_/\U-CELU'H~OL~I\I~ FLGDUOQD
FXDJXDUQ@@SEDEQ\DOQO ]DPDQ ND
GR+UXGDQ |OoPH\H DN VD+OD\DQ PRGHO
|[OoHNOL GHQH\VHO_ QBWPO® E® GiLRDPRNOQPPOH
GD\DOO ELU \DNODuOP |QHUd3ElFR®)H\NGKUPF§GH© YERIFHW UL
JJUH XIDODQPD E|OIJMYXODYOQDEMIHOHU J|VWHL
PP SDWODWPD GHOBPL BRDUOGHPSIIOWO SDWODWPDVO
LGHDO ROPD\DQ LQILODN|=o|y‘Q-|RdJE‘RB,QWOxJFlR-GHOLQ VI
KHVDSODQDQ GHO ED\VED:QHC\Q VBHUEHVW \e ]H _RODUDN
PDOJHPHVLQLQ WHN HNVHQQLERDXWQX GRP@OROUNODU
3D YH ND\D NDWOOO—O . BR\XONW®YORGEODE L  [LD L UILN G |
YDUGOU 8IDODQPD E|OJHWIROUBD NI WUV ORBHO ER'
KRPRMHQ YH LIRWURSLN RODUDW HNDEGH HAIQDHPUW INNO |1
DiD+OGDNL ED+OQWO\OD YHWLOBPRNYOHG INDVOWODPDOD!

st +D]®UODQDQ PRGHO E|O
" Lo Ge:eP QRNWDVOQD JL
EXUDGR Y(Ha# VOUDVOIOD Y8 WL %X AR+ XQF?.XQ‘(’)V('BDX
GHIRUPDV\RQ PRG+O+ YH ] 30 CX
8 ODQPD E[OJHVL \DUOoD LB\L s
|QHULOHQ ED<OQWO LVH D > W| 2 JRUOD
MLrazsmﬁe%%ﬂﬂ__ HNVHQL ER\XQFD \DSOODED
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GHOLN OHYUHVLQGH HOGMO\B\GODE@BENOPHYG\DOH  J|!
\HQLOPH E/OJHOHULQL D oW R QGHRH\MMHRIODUDN SDYV
JHUOH*LQGHQ GROD\O WDRRRMPSDQGRQY DH®HQ DUG+]OH
GR:UXOWXVXQGD PRGHO BERAXMIWD D G 6] QHHRLOGIMIH D B H
DWOPODUO NDGDU GHULQE FOOBOBN LQHQLOREROPWND X\
3DWODWPD GHOL+=L LoLQ \HUDNLMDO 1SHW D D WPMAEHLD @ % €
VONOONOD NXOODQOODQ IDUNPGO oDBWQB\H FOLWLSL Lol
SDWODWPD GHOL+L VHOLORUEBNLOBENN XNOQDXORU +]H!
PHWUH RODUDN EHOLUQH®PHPMHIOHU 'MRQXFXQGD
X]XQOX+XQXQ <0oWH ELUOLHNQ LNP\HP & | OUHNOMHQDR PR Q LQIL
ERGOX+X RODUDN EOUDNOOPOUG YHHLQILODNYRGORNL G
GLELQGHQ EDUGOD\DFDN GHN@DGH DNWDI®AN EKY+POHPH
SDWOD\OFO® tDUMO PRGHOIEROXD YXUKOPEDWXU V VRQ
DUWOGO J|JOHQPHPLGWLU %X
0|]*POHPHOHUH VIGHQ V
HWWLULOPHPLUWLU

o) BRQX00DUOQ VXQXC
D

GHNLO d[]*POHPHOHUGH NXOODQOODQ -0
ER\XWOX PRGHO JHRPHWULVL YH VOQOU NRUXOODUOD

ho ER\XWOX vD\OVDO JHULOPH o
0|]*POHPHOHULQLQ VRQXFXQGD SDWOD\OFO
PDGGHQLQ LQILODN® VRQUDVOQGD SDWODWPD GHOL=+L
OHYUHVLQGH ROXGDQ NHVPH YH oHNPH \HQLOPHVL
E|OJHOHULQLQ J|VWHULOPHVLQGHNL L]JOHQLOHQ
\DNODuUOP UHNLO fGH VXQXOPDNWDGOU 3DWODWPD
GHOL+LQLQ X]XQ HNVHQL ER\XQFD \ HNVHQL
HNVHQHO VLPHWUL ROPDVOQGDQ GROD\® GHOLN
LOHULVLQGH HOGH HGLOHQ <0 ER\XWOX VRQX00DUO®Q
VDGHFH SDWODWPD GHOL=L PHUNH]LQGHQ JHOHQ |
G+]OHPL +]JHULQGH \ ] G+]JOHPL YHULOPHVL
\HWHUOL ROPDNWDGOU %XONXIQ®DD EGD\DMNVOH o |j-+HP\O-HP H
YH oHNPH \HQLOPHVL E|OJHOBHL®EROGRKWDRYROOD U
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HUOH GHVWHNOHQMUNNWBDKD [BYLWRQ&0O

GLOHELOHFH=L V|\O|—F3§I'-I‘EI"I'JOVLLL\JV\R' &DOLIRUQ

YUHZ - )YRUUHVWDO 0- &

+RSNLQVR SUHVVXUH H

6RQX0 RODUDN E|\OH ELU VD\&PEDAvellyR YMRHEVOH wWuDLO ¢
HOGH HGLOHQ YHULOHU 0uQs9Q e BowWahWiadK D(E WD

HWNLOHULPOHUL LQFHOHQMNXN . 2WBER NRZUXOBDDUOQDE

X\IJXQ SDWODWPD UDEORQOBUORRBLIOUBDWD G BN PG HAUD

ND]® PLNWDUO JLEL oHYUH it KHORONM R DR 6F

]DUDUODUOQ HQ D]D LQGLULGHRLOHFHzLWRQPKQHELOLU

FKDUDFWHULVWLFV RI FRDO P
.$<1%./%5 QWHUQDWLRQDO 6\PSRVLXP RC

$EUDPV '$ (HFW Rl UDWH RI DS %@MW RIRYJDLOXUH 3KHC
ORDG RQ WKH FRPSUHVVLYH, &}4‘6’98%@% PLEUR
$6D- 9RO  SS % RFRE

%LHQLDZVNL =7 5REN OHF QQ\: %D@H%W%E\,g\& o
0LQLQJ DQG 7XQQHOOLQJ 21 % b 6. —KRX 0
SRWWHUGD P KPR Y l/v W Dw KL

%LUNLPHU '/ $ SRVVLEOH IU M—b LWt @g WDO FI
WKH G\QDPLF WHQVLOH VWUH légl ?1
*% HG '\QDPLF 5RFN OHFK RR IXPHUL
*ROODQG SS EXFHG VWUHVV ZDY

%LVFKRII 3+ 3HUU\ 6+
%HKDYLRU RI &RQFUHWH DW H— %éXPSUGRDSF:-:

ODWHULDOV DQQGR(BWUXSWXUHV
R Y i HFK@%WSQE SREN (QILQHHUL

VXUURXQGLQJ D VLQJOH EOD}{ QU R D)y%DWH Q0 =
ORQWUHDO &DQDGD &DQDGLRQ 5RFN OHFKDQLF
&DL 0 .DLVHU 3. 6XRULQHQL (QJ IRY BQGHUIURXQG
VWXG\ RQ WKH G\QDPLF B\W/RR' KH

OHXVH +DXWH ODUQB{K\\DLU:J\LO &DUUDQ]D 7RUUHV &7 &

&KHPLVWU\ RIOW®H (DgSVK =
iR I R B b oo %M@%R R ARLEFY FU L
&(% ),3 PRGHO FRKEH-GZRRG % R RQWR

7URZEULGJH :LOWVKLUH 8. GHU Vv 06

&KR 6+ .DQHNR . QIOXHQ Li FN PDVV PR(
SUHVVXUH ZDYHIRUP RQ WKH

SURFHVVHVOMOHURBMWLRQDO Q?\L,l
OHFKDQLFV 6BLABDOBBHYV 9RO ROXPH ~+ TKHRUHWLE
SS PD 5RWWHUGDP SS

&ORXJK 5: 3HQ]JLHQ - T—?E%ﬁﬁ‘f ’\(I;‘EI -KRQVRQ - $
<

WLQJ BULQFLSOH\

 VWUXFWXUHV 0F*UDZ +LOO 1Hgp HNVLJQ PHWKR
MRUGMHYLF 1 7ZR FRPSR BUW v INUHQFH R
IUDJPHQWDWLRQ )UDJEODVW g% v ER 2wk

$IULFD

'RQ]H )9 0DJQLHU 6% DXGHYLO}BXV LgDﬁﬁEQw,yvto HOPRHVFFKRDZQL;\L

'‘DYHQQH / 1XPHULFDO,
FRPSUHVVLYH EHKDYLRU RI FRg ;5@13@5\% 553%RW®%81\§V|\3/|5QJ%S

UDWH6& (- (QJQJ 9RHOFK W-DVFD )/$& ' )DVW /DJUDQJL
(LVVD ($ .DJL $ 5HODWLR § QQLJ\(P V;Z It”(%\éLRc?LVQQgHHE
DQG G\QDPLF <RXQJV PRGXQ E{ &R‘ge% )XQGEL

VHQ 6 2QHGHUUD , %LOJLQ R G .
( WKH VL]H Rl WKH FUXVKHGQ]\RQI-!L%FUNL&_%@%%mkéa &KRW<KH

5RFN OHFK DQ¥ZROLQ 643
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SDUWLFOH IODZ$GFRGHDU EWOWDWILHOG $0 3XJOLHVH -0
([SORVLYHV DQG % ODYVOWDLMG R HZIDQHVXBHQHUDWHG LQ URFN E\ F
.DQFKLERWOD 66 9DOHU\ : ORKIWMWOMY B FRPSDULVRQ EHWZHH
ORGHOOLQJ ILQHV LQ EODVW DG PIHEYG WHOY XUHE HQWWV QW
LPSDFW RQ FUXVKLQJ DQG JULQGQQQJ ,6FL3VWRPHHGIQJIV
RI ([SORY $ &RQIHUHQFH R@®]XRBN ] %W\HNDIN L'Q J 5HVSRQVH RI
.DOJRRUOLH $XVWUDOLD H[SORVLYH ERUHKROH SUHVVXUF
/HH ,0 3DUN %. &KR .+ 3DUMWKE:)RXUWK ,QWHUQDWLRQDO ¢
BUREDELOLVWLF DQDO\VLV RI )EODRWQWDWQBRFHG %WRFNWLQJ )
GDPDJHV LQ SWQGHIHORXDG 6S DFEXWWIMHD

$QDO\WLV RI WKH 3DVW /HVVRQ@GWVIRRS WKHRYXWXS H 6WUDLC
/IRQGRQ SS FRQVWLWXWLYH HTXDWERQV IRI
/L + ;LD ; /L - =KDR - /LX 9%WUHWXV 9HVVHMROHFKQR® *

5RFN GDPDJH FRQWURO LQ;XEHM&UREN SBODVWLEBISO\LQJ 30DV
H[FDYDWLRQ IRU D QXFOHDU SRHFKSOIFOW QYWQJIKERFANQLYHUV
OHFK OLQ 6FL 9DQEUDEDQW ) &KDFRQ (3 4XLQI
/L 40 OHQJ + $ERXW WKH GDQBP6 PURKHQYWYK JHQHUDWHG E
HQKDQFHPHQW RI FRQFUHWH O DN\ @®DWGHILIAD®V H[G TR VSOHW FKD
+RSNLQVRQ SUHVVXQWHEQRDW WHYMO DWDREBOIRAW 1R Ss
-RXUQDO RI BROLGV DQG BWHKBR XUHV +9RO=KDR <+ "\QDP
WHVWYV RI WKH %XNIHRWHPR® LFUC
/L :% =KRX = =KDR ) =XR < S50VH®UFK =SHSRUW 1TBQADQJ
+RQJ / 5RFN SURSHUWLHVHFERRO FRFDOLOQLYHUVLW\ 6L
ORD®XKUQDO RI 5RFN OHFK *:O-KFD/RHFK:KQXQ\k; +HIQ\ $0 &DL -
9RO Ss /L +% J/LX -) -DLQ O )RR 67
L ;% 6KRFN G\QD®KPQJIRIKDRFN 5RFN G\QDPLFV UHVHDUFK
&HQWUDO 6RXWK 8QLYHUVLW\ 3GH YNO RSP & INQ HUH $ PIROQIIMOLRIRD
/L ;% /RN 76 =KDR - 8QQBBUBRXQG 6SDFRI 7HFKQ RS
FKDUDFWHULVWLFV Rl JUDQLWH VXEMHFWHG WR
LQWHUPHGLDWH 5RRDGLIQBK UBWRBIR - /L +% :X 0% /L 7- E
(QJQBIRO SS % XQLD[LDO FRPSUHVVLRQ, QMH VWV
I\WPHU - .XKOHPH\HU 5/ )B@EW H HORIQ DPAGFOB6FL S S
PRGHO IRU LQILQLWH PHGLD =#RDXRIQDO Rl $930QABELOLW\ RI OR
(0 +RHN %URZQ VWUHQJWK FULWHL
oD *: $Q ;0 1XPHULFDO VLAXOHQWVRIQ RRILEWLW WBDRF N ROFHN\F K
EDVWLQJ LQGXFHG URW¥FMU Q D DVASE R DRV SS
-RXUQDO RI 5RFN OHFKBOQHBGVHNBXQLRJI+DR + ORGHOOLQJ R
9RO (OVHYLHU SS EHKDYLRXU Rl FRQFUHWH OLNH P
ODOYHUQ /( 5RVV &$ "\QDPUB W@ WHU@QDHWRRQDO -RXUQDO
FRQFUHWH DQG FRQHURIQG HQOBMXEWRODHY SS +
7HFKQLFDOSHHERBEWQWUDFW QR )

1LH 6 20VVRQ O© 6WXG\ Rl IUDFWXUH
PHFKDQLVP E\ PHDVXULQJ SUHVVXUH KLVWRU\ LQ
EODVWKROHV DQG FUDFN OHQJWKV LQ URFN ,Q 3URF

WK $QQXDO &RQI ([SORVLYHV DQG %ODVWLQJ
7HFKQLTXH 2UODQGR 86%

20VVRQ :$ 7KH FRPSUHVVLYH VWUHQJWK RI
7% DV D IXQFWLRQ RI VWWDLQ UDWH IURP
VHF ,QW - O5RFN GWHEK *WRPHFK
$EVVWRO SS +
20VVRQ % ORVKHU ' 6DQGLD 1DWLRQDO
IDERUDWRULHV $OEXTXHUTXH 10 8QSXEOLVKHG
QRWHV VHQW WR 0 = )RUUHVWDO 1RYHPEHU
3HUVVRQ $ +ROPEHUJ 5 [/HH - 5RFN
%ODVWLQJ DQG ([SORVLYHV (QJLQHHULQJ &5& SUHVV
6DKDUDQ 05 OLWUL +6 -HWKZD -/ 5RFN

IUDFWXULQJ E\ H[SORVLYH HQHUJ\ UHYLHZ RI VWDWH
RI WKH) DDJ¥EOGBROW SS
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%LOJLVD\DU 'HVWHNOL % R\ X W @X
'H+HUOHQGLULOPHVL

&RPSXWHU $LGHG ' 'HVLJQV RQ 2SHQ 3

0 <XUGDNXO
1(7&%' 8OXVDO &DG YH *,6 d|]*PQOQHOINHQW &ENDUSDUN

g=(7 ODGHQOHUL 0D+GDUG PDGHQFLOWLBXEGLEOLE ¥HNWBGIK
JHUHNLU %X LVH JHUoOHNoL ELU RO HHLPo HPNRGHHIOND
P+PN*QG+U %X oDOOUPDGD GH+WD\DHQGH VY WHHNFHN RNODWA
RFDN WDVDUOPODUOQOQ \DSQOWDVD U &BpDd &EQ UV DK N LE
IDUNOO RFDN WDVDUOPODUO DUDIMBIQGD VRQX0o0DUOQ G
<D]OOOP LOH *UHWLOHQ RFDN @HISDN® KROODQOWDYV
RWRPDWLN RODUDN RO (P DV OoWRD-+ R BIN MDNOWMHIWD Wh I\
GH+HUOHQGLUPHN ]\IJ-@ EQBDWBADIBLOP YH SODQODPD
VRQXFX ND\QD ODU XOODQOODPD] KDOH JHOPHNWHGL
7-UNL\HYGH PDGHQF LOLN HQG+VRODVDAL R DEQ\BRN\DLUEH
YH UDV\RQHO ELU GHNLOGH N)>Q0.®DmHvdFHIINWHD BHGEM\X O B (
HWNLQ YH YHULPOL NXOODQQONDYODmEHO/RDNED BL B X] RWH

$%675$&0LQHV VKRXOG EH SURGXFHG LWQQ DFIFQRIUGID QFIHH i
WHFKQRORJ\ ,W LV SRVVLEOH EF KW LUHID DR MWALFU S URKGNA
GHVLJQ ,Q WKLV VWXG\ FUH DGWPR® RL R\KHD FIRPISQE VB HW |
WKHP LQWR UHDO ILHOG D Q@ B CRLOXMW QO GHVH LW X0 @

3LW DQG EOHQG GHVLJQ DUH BEXHARB DM IQRDUDON HEG R D IQQX
7KXV LW LV SRVVLEOH WR HYQWD XDQWH \DKRUMU QL WH Y B U
SURSHU GHVLJQ DQG SODQQLQJ DUH HPHUJLQJ XVHOHV)\

,Q 7XUNH\ WKH QHHG RI VFLHQWRIXBFBYGLVYDWERED U
ZLWK WKH JURZWK RI PLQLQJ LUIHG®WWHIVY VT MWHN WHRWKH/AK QL
UHVRXUFHV HIITHFWLYHO\ DQG HIILFLHQWO\

*g 500 JHUHNVLQLP DUWPDNWDGO!
hONHPL]GH PDGHQ ND\QD\N GlfbHNLOGH
PDGHQFLOLN ELOLP YH u
RODUDN <UHWLOPHVL PDG D(‘;ﬁ% i
RODUDN ROGXNoOD |QHP UI 5ol
ODGHQFLOLN HQG- VWULVL -\ @BQ%
RODUDN ND\QDNODUO®Q GD

ELU UGHNLOGH NXOODQ “E&E)@@d’b\ QNP[

75



0 <XUGDNXO

ODGHQ VDKDODUOQOQ ~UHWIPBLQHQHDINOOPO LOt
JLVD\DU GHVWHNOL RDDWDNPRWRPDFDRQ XDPY DU U X
HOOHPHOHU YH WDVDUK®®HU RO DARDNJ K NE LJo @G B QC
HUOHQ G RIGHIELAH RMH ] ED YGIO+ O HAR KB X\IJXQ WDVDUOF
FHYKHULQ ID\OQ GDRBGH DSHOPHNWHIBEL. UDU.XOOD
PHOHULQ YH\D MHROR MLHQION PREGOIQQH?IH(VH:IFHNO
RODUDN HOH DOOQDELOLDUD?DWDG@®MODU L KW o+ 0

DOWOQGD LVH JDOHUL WON®H@PLOOLWO LODHo @0 J RED NP R
WDVDUOPODUO JLEL LUOHWPHNP ORHULIQRXP U(HINMOGBHUL
SODQODPD\O KHGHIOH\HQJHVUDWNOGIBWVYUPHIDHYD+OD\L
ROXGWXUPDNWDGOU SURIHV\RQHO YH D\QO |DPDQ
ORGHOOHPH LUOHPOHULQDQO®OPUDE @Y DROPWDOLKWL
LOHUOH\HQ V*UHOOHULQ GR®%H®DXW KR X JHHW ARSIO®DRL U
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GH=+

oRN
NHV

oDOOUPDODUOQ JHOHFFMHQLVWDWRVWL@B?/QO EHQ]JH)
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|IHOOLNOH NDUDU GHVW H \fﬁ
GHVWHNOL WDVDUOPOD Lgh ot LK U
VRQX00ODU YHULUOHU

$0ON RFDN IDDOL\HWOH WA VE'tE’J SHRWBEH FQ‘&H oV’
UDPSDODU \RO WDVDUOR @NL"C)LHYFWY%@JLVV@ N W/

LD ‘[Qﬂﬂl_LNPWEN\RDJO(@@CXDﬁﬁQ@HV‘El
UPBUFDQH VY BEBLQGLIVMWIDQ % hQYH
HG @QDM%C%DW@QEQ@@Q\DD \B N

RPYW RD (KA NOHUL

Y|©—|QGR UXOWXODUO ID
OROODY vDKIHR/IG]LNVHO

PDGHQFLOL+L LOH LOJLO
NRQXGDNL KDYDODQGO
SDUDPHWUHOHULQ HOGH
GHVWHNOL WDVDUOPOD
IDJODGOU

%X oDOOUPDGD 7XQOoEL
LOHULVLQGHNL DoON RFDN
ROXuDQ \HQL WRSRJUDI\D E PIYW -
*]JHULQGH \DSOODQ wDVDODSEPOBPO®OQER
GHVWHNOL RODUDN E R PRBGIO Orl®
GH+HUOHQGLULOPHNWHGLELWEXUERQb G
RFDN WDVDUOPODUO 1(7352IdH@QHEP
RWRPDV\RQ YH WDVDUOP*PNpP
JHUOHNOHUWLULOPLUWLU 'sg
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. E
6$+$1,1 02'(//(10(68 .UHW LQLQ GHYD
$0ON RFDN SURMHOHULIQ it X CFEGHO BB HW D V

VRQUDVOQGD WHVLVLQ WHQ|U YH PLNWDU
EHNOHQWLOHUL «]JHULQH RFDN WDVDUO®OPO \DSOO
cUHWLPLQ VeUHNOLOL=L YH NDUOBODO=-6QD DUWW
/JLQ\LW UH]JHUYOHULQLQ HNRQRPLN YH WHNQLN
GH+HUOHQGLUPHVLQGH |QHPOL ELU SUREOHP
OLQ\LW NDOLWHVL UHJHUY H+ULOHULQLQ NHVWLULPL Y
EX NHVWLULPOHUH LOLGNLQ EHOLUVL]OL+LQ
GH+HUOHQGIBULORHNAGLU $NFDQ
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Assessmenbf Landscapeby Photogrammetry Proximity Ua
Survey Technique: A Case Study of an Abandoned Mine Site in
the Furtei Area (Sardinia-Italy)

S. Cara, M. Fiori, C. Matzuzzi
Consiglio Nazionale delle RicerchRd GAG-UQOS di Cagliari, Cagliari, Italy

ABSTRACT In the past open pit excavations often created ris#seamironmental impacts
derived by the mining activities that deeply chantfesl landscape. In South Sardinia the
Furtei area, at Monte Porceddu, is a typical examplaolinitic clays open pit mine, where
exploitation activities have deeply altered the orgilandforms. After mining closure this
site was totally abandoned and represents an extredaglgerous place. Nowadays the
possibility to recovering this site depends on thevidedge of local geolithological asset and
the hydrological characteristics of the sub-surface dgasaln this paper we present a
method based on a detailed photogrammetric UAV sutweyenerate multiple high quality
dense digital surface models (DDSMs) in order to providsichterrain analysis. The
photogrammetric UAV method allows to survey risky aredth reliability, accuracy and
safety and, after some post-elaboration procedures, to @airdomplex geometric surfaces
characteristics related to geological and hydrological informstion

1 INTRODUCTION quarry vertical walls and on landfill mining
tailings, creating digital high resolution
In the rehabilitation of abandoned mininggeoreferenced digital surface models
areas the final result is mainly conditioned(DSMs) and digital elevation models
by a consistent reconstruction based on th@EMSs). Due to the variability of surfaces
accurate measurement of the morphologicahorphometry, in this case has not been
alteration of the post-mining landscapespossible to define a unigue DSMs resolution
The success of a rehabilitation progranthat could be applied to the whole area.
depends on the understanding of the newherefore the resolution of the DSMs,
geomorphological and hydrological asset asompared to the average size of the drainage
well as the erosion processes derived frometwork, was designed to enable the
post-mining activities. Digital surface representation of the smaller process, on the
models of landscapes are more and morgasis of the minimum pixel dimension.
used to reconstruct and evaluate this This method reduces the approximation of
degradation processes, particularly for theligital models due to interpolation errors,
risk assessment of a landform design (Faddaspecially in presence of strong steepness,
et al. 2010). High quality digital elevation giving a more detailed DSMs. The more
model of a mining site was created with adetailed models highlight the degradation
UAV multirotor platform photogrammetry processes taking place on the surfaces that
system. The aim of our research is totherwise could not be properly identified
describe the erosion processes caused asalad quantified. This DSMs allow to study
result of the abandonment of the miningnot only the erosion of the mining area,
area. We mainly focused our survey on the@btained on the basis of tools such as terrain
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analisys degradation and erosion risky hydrothermal and intermediate to
mapping in a GIS environment, but also theadvanced argillic alteration and
evolution of degradation of landforms. silicification.

The successfull applications of unmanned This study if focused, at the moment, on
aerial vehicle (UAV) in the field of close- the northern area of the Monte Porceddu
range photogrammetry (Neitzel et al. 2011mine (AOI, Fig. 2), where the argillic
on abandoned mine areas have encouragetteration is characterized by kaolinite and
the development of new methods for rapidlickite as main minerals, accompanied by
low-altitude image survey (from a few quartz, pyrite and pyrophyllite. This
meters to a max. of 80 meters of altitude). alteration involves the complete

With a GPS basis grid, acquired withtransformation of the pre-existing andesitic
accuracy below the meter, the UAVrock, with obliteration of the particular
photogrammetry platform equipped withformer textures.

SLR high-resolution digital camera is The ore grade kaolin occurrences coincide
capable of performing a very accuratewith areas where the advanced argillic
photogrammetric data acquisition. alteration reached a pervasive level: this
However, this accuracy is not sufficienthappened especially where the original rocks
for the geoprocessing computations thatvere very permeable, thus exposed to
need, besides the GPS flight log, theetching by acid solutions. The kaolinized
acquisition of ground planimetric andbodies have been no longer exploited
altimetric ground control points (GCP) because of low quality of the ore which is
coordinates using a real-time kinematic GP$oo rich in silica and pyrite. The silicification
(RTK-GPS). type is due to deposition of mobilized silica,

The processing of aerial photographs waboth as impregnation of volcanic and
performed with the PhotoScan softwarevolcano-sedimentary rocks and as crusts. In
(AgiSoft LLC), particularly suitable for fact, a broadly tabular, flat-lying crops on
photogrammetric survey of morphologicallythe top of Monte Porceddu overlies the
complex surfaces (Verhoeven 2011). kaolinized area. This silica body is

The photogrammetric method proposedtharacterized by the occurrence of
in this work is based on several missionghalcedony and small shallow-seated
(flight and data acquisition) planned in theeruption breccias. All these features suggest
lab with dedicated software, starting fromthat this may be a silica cup, formed in the
the area of interest (AOI) and the requiredsurficial part of the epithermal system, above
ground sample distance (GSD), knowing thehe water table, by acidic and relatively cool
parameters of the digital camera. Thesteam-heated fluids. The silicification
photogrammetric acquisitions was performedlteration occurs also at the contacts between
both by horizontal and vertical planes datandesitic domes and the epiclastic-
acquisition, needed to the generation opyroclastics units. Within the latter, the

orthophotos, DEMs and 3D objects. intensity of silicification is also controlled

by the permeability of the layers. The
2 STUDY AREA AND GEOLOGICAL distribution of silicic alteration Suggests that
SETTING hydrothermal  fluid flows channeled

i preferentially along lithological contacts.
The studied area covers about one square o complete understanding of the

km near the Monte Porceddu, between thgeological structures in relationship with

ba_SinS Of R|O S|A”Um|nu and R|0 MaCCiOI’_ﬂ. degrada‘“on |andformS, derived by past
This abandoned mining area offers widenining activities, is the most important
artificial landscape landforms that showfactor to define the different consistent
several geometrical complexities (Fig. 1). ltresolution of DEMs and the appropriate

vertical wall, stratified with layers affected syryey of this area.
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Figure 1. Photographs of a variety of morphological asset of the opempi{ADI).

Figure 2. Topographic map of Furtei area and open pit of Monte Porceddu (AOI).
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3 METHOLOGICAL APPROACH AND The DSMs were taken at different
EQUIPMENT consistent resolutions using mainly two
_ ; fixed focal lengths: 20mm and 35mm. These

The close-range photogrammetric Surve)f)SMs; have been used as a basis to correlate

was performed with an UAV multirotor . e .
platform, assembled with OEM electronicthe€ morphological characteristics of the site
i and the changes taking place, in order to

components - by Mikrokopter HISyStemsunderstand the origin of the process of

GmbH. This platform is equipped with a X
Canon5D Mark I digital SLR camera andaccelerated erosion and the consequent
development of the network of surface

linked to a Ground Station control unit. For R f I studi h

the acquisition of ground control points have% l;\g(\)/vn tr?e;:ter:h)é’re Sigv:raclosseu rtljztionsr;/iz

been used a Topcon real-time kinemati ;

(RTK) Global Positioning System (Tab. 1). dmﬁiﬁhe&eﬁjgﬁg}uﬁig mce) dIZIEI\gﬁ dangiztge
This UAV photogrammetry system has Claessens et al. 2005). With a ground

been used to solve the problem of surveyin dlmple resolution '<5 cm .areas with a great

the dangerous abandoned mining areas a : -
to create surface models (DSMs) Cc)rrectb;end_ency to instability caused by accelerated
rosion can be delineated more precisely

interpolated, especially in areas of hight
steepness (vertical walls), and at risk ofhanatlower GSR (>1 m).
collapse.

Table 1. Equipment for aerial and terrestrial survey and data acquisition

The UAV system - Mikrokopter OEM HiSystems GmbH

Positioning: Standalone GPS LEA-6S U-BLOX (accuracy 2.5 m)
Diameter: 1 m - Net weight: 2000 g

Power supply: Lithium-Polymer Accumulator (2 x 5000 mAh, 14.8 V)
Take-off weight: 1600 g (with camera Canon Mark Il 5D)

Flight parameters radius and altitude: max 208 mmax 80 m

Flight time: 10 min (with camera Canon Mark Il 5D with fixed lenses)
Number of mission (waypoints): 1 (9), 2 (55), 3 (19), 4 (40)

The Camera system - Canon 5d Mark Il

Camera type: Full Frame (35.8x23.9 mm) CMOS

Resolution sensor: 21 Mpixel CCD matrix - 5616 x 374&aw16 bit
Fixed lense: 20 mm - 50 mm precalibrated

(Focal length (f x , fy), Principal point (¢ X, cy), K1, K2, K3, P2)
RMSE Calibration: 0.091 pix

Stereo photos acquired in total aerial session: 284

Overlap and Sidelap: >70% - >50%

The GPS system - Topcon RTK-GPS Real-Time receiver
Antenna: Legant GGB Center of phase zero

Receiver: Legacy-H GD 40 L1 GPS

Datum and coordinates: WGS 845eographic UTM-WGS 84
Number of Satellites: 5-9- 15 degree angle of visibility

GPS points and GCP acquired in topography survey- 32
RMSE <2 cm
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During our investigation we have sample distance (GSD) needed (0.02 to 0.06
planned the flights of different sectorsm/pix) in relation to the fixes focal lenses of
according to  their  geolithological, 35 and 50mm used.
geomorphological and vegetation coverage After the definition of these parameters
characteristics. the flyght was planned by waypoint

For each sector have been defined thaccording to the photogrammetry rule
single different consistent resolutions needetbngitudinal overlap >70% and cross-overlap
for the elaboration of the DEM of the fronts,>=50% (Fig. 3).
the quarry lay, the landfills, the derbies The flight planning is a very important
accumulations and for the over-flow phase, especially when the surfaces that have
furrows. This area of interest (AOI) to be reproduced, as in our case, show
investigated includes a front of about 215 ndifferent material characteristics, strot
long with an average height of 15m, whichsteepness and different exposition to the
defines a quarry area of about 9.361 squaiiacident light.
meters. The quarry lay morphologically The flights were performed at various
consists of several levels resulting in bottdistances from the surface, taking always
phases of mineral extraction and differentonvergent photos. Any combination
sizes sterile materials accumulation. Insid@hotographs, whether in stereo pairs, stereo
this quarry there are different degradatiortriples, strips, suliblocks or blocks, is
processes like collapses from vertical wallshandled by forming the set of observation. In
diffuse runoff, accelerated and differentialaddition, the UAV platform used allowed to
erosion. replace the traditional photo capture from

These problems are particularly acute inthe ground, performing some very low-
the northern portion of the quarry lay, wherealtitude flights (5m) with GPS flight log. The
the action of the water has given rise to deefotal number of photos captured is 284.
furrows, gradually conveying the surficial The third step of our work has been the
runoff materials to the Rio S'Alluminu. use of the Topcon RTK-GPS receiver for

The photogrammetric survey of this areacollecting GCPs field data points with an
has been developed in three steps. The firsiccuracy of RMSE measurements <2.0 cm.
step is the camera calibration performed irFor this purpose a local geodetic control
bundle adjustment, with the set of fixed focaihetwork were first established by a few
length lenses to be used, and correcting. GCPs markers, used as main control points

The second step is the planning of thend positioned in Geographic UTMWorld
very first flight, used for the construction of Geodetic System 1984 (WGS84)” coordinate
an orthophoto of the AOI. The orthophotosystem.
was generated using as a basis a network of This set of points was imported int
GPS points, geo-tagged with the UAV-GPSPhotoScan software were was connected to
flight log (latitude, longitude and elevation). the coordinate system of the local Regional
This flight was performed at the altitude of Technical Cartography (Gauss Boaga-ED50
80m usith fixed focal length of 20mm, in orientation datum ROMA40 - scale
order to garantee a fast coverage of the ared.:10.000) available for the area also in

The orthophoto was finally imported in digital format.
the dedicated software “MikroKopterTool” A total of 12 ground control point:
(by Mikrokopter) as a base to accuratel(GCPs) were collected, in order to compare
planning (in terms of flight altitudes and athe  oriented  photogrammetric  da
safe distance from the walls the nextcoordinates with the corresponding ground
photogrammetric flight). survey data.

The different altitudes of the acquisition
flights (from 5 to 50m) have been
established taking into account the ground
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Figure 3. The UAV multirotor platform assembled with OEléctronic components (by
Mikrokopter HiSystems GmbH) with Ground Station contrmit and waypoints of the flight
plans preelaborated with “GeoMapTool 4.0” (by Alex Demeo) for “MikroKopteol.

1) Preliminary flight plan, 2) Complete Nadiral flight plan and 3),4)ieakflight plans.

4 DEM-ORTHO PROCESSING (AAT - namely the correct identification of
During the last years, in the field of a number of bonding points between the

close-range photogrammetry, the Images) have been improved.
techniques of automatic aerial triangulation
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As mentioned abobe, the aerial images
taken over the quarry were processed with
PhotoScan software by AgiSoft LLC.
According to Verhoeven (2011) for a good
3D reconstruction the photos have been
taken as perpendicular as possible to the
surfaces. The “dense stereo matching”
algorithm supported by PhotoScan (called
Exact, Smooth, Height Field and Fast) has
been used during data elaboration, allowing
an optimal result in our DSMs generation
(Fig. 4). In the aerial photogrammetry the
use of “Height Field” and “Exact method”
features are particularly recommended to

obtain the best reconstruction of the terrain
surface characteristics. It's very interesting
how new aerial images can be added or
deleted at any time of the elaboration to
obtain the best composition for a geo-
referenced orthomosaic, or the best
definition of DSMs and DEMs. The DMSs
surfaces were reconstructed using a
automatic or semi-automatic procedure,
with very dense point clouds. Finally we
have realized 3 DMSs models of the quarry
with  2.651 points square meters,
automatically created from the image pairs.

Figure 4. Screenshots of Photoscan interface with some point gJendeated.

The result of the elaboration is a very
good geometry representation with RGB
value extracted from the photos, giving to
the point clouds a realistic textured
appearance (Tab. 2).
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Table 2. Final results of data processing 5 CONCLUSION

This work was aimed at the optimization
of a method for low altitude photogrammetry

Ortomosaic and DEM

Number of Orthomosaic and DEM: 3 with an UAV multirotor platform, for the
Coverage area: 9.361 m2 creation of models DSM at consistent
GSDs:0.02-0.06 m/pix resolution. The proposed method results
DEM Resolution: 0.06-0.10 m/pix reliable, quick, accurate and safe.

Point density: 2.651 points m2 This is particularly indicated for
RMSE 0.278682 pix abandoned mine sites, or wherever the

access is limited by safety problems. During
Some mesh editing has been required aftéhe data post-elaboration process a lot of
and remove boundary errors. out from the calculated geometrical shapes

Finally, for each pixel have been assigned@nd landforms models. _
the spatial coordinates (x, y, z) and the true- The results of this work constitute the
color information (RGB) in order to generatebasis for a future development, into a GIS
a fully textured 3D model. (Fig. 5) shows a€nvironment, —of ~a detailed terrain
complete reconstruction of the quarrydegradanon analysis. The development of
investigated. The use of very dense cloud8Ur research will provide the survey to the
requires the decimation of the data points, i®ther quarries to realize a complete model of
order to create valid DSMs. This techniquéhe M.te Porceddu mining area. The data
works at is best with landforms with a highanalyses carried out by the application of

surface asperity and with a low vegetatiorfhis ~method  constitute the  required
cover background for the elaboration of risk maps

for the planning of a reclamation and
restoration project.

Figure 5. Orthomosaic and DEM of the test area (georefatemcésauss-Boaga) with
contour map and over flow vectors.

90



23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

REFERENCES

Claessens L., Heuvelink G. B. M.,. Schoorl
J. M and Veldkamp A., 2005, DEM
resolution effects on shallow landslide
hazard and soil redistribution modelling,
Earth Surface Process and Landforms 30
pp. 461477.

Fadda S., Fiori M., Matzuzzi C., 2010,
Developing Rehabilitation Design for the
Abandoned Mine Excavations in Central
Sardinia, lItaly, International Journal of
Surface  Mining, Reclamation and
Environmentpp. 286-306.

Neitzel F., Klonowski J., 2011, Mobile 3d
mapping a low-cost wuav system.
International Archives of the
Photogrammetry, Remote Sensing and
Spatial Information  Sciences, Vol.
XXXVIII-1/C22 UAV, Conference on
Unmanned Aerial Vehicle in Geomatics
Zurich, Switzerland, pp. 1-6.

Verhoeven G., 2011, Taking Computer
Vision  Aloft-Archaeological  Three-
dimensional Reconstruction from Aerial
Photographs with Photoscan,
Arheological Proscpectiot8, pp. 67-73

91



92



23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

DGHQFLOLN )DIR+UDIL %LOJ .XOOD

Q (OELVWDQ /LQ\LWOHUL $OON guol

G

L

H 8VH RI *HRJUDSKLFDO ,QIRUIRDM)LI
W P

0
$
7 U

$ LYLWLHYVY $ 6DPSOH Rl 2SHEL W DW

| U

K
F
% $ OHUW

OXVWDID .HPDO hQLYHUVLWHYVLG BHWUROCHYBGIlePR+-BOWD\O:

$ 'D=+
dXNXURYD hQLYHUVLWHVL ODGIDRQD+KHBGGAMOL=L %|OP:

g=(7 %X oDOOUPDGD PDGHQFLOLNGIPOQ GLENOWUMGH PLO |
PDGHQFLOLN IDDOLV\HWOHUL YH dB{UHNKOUHRNRWRBDRROC
\DSOODUDN HQ X\JXQ NDUDUOQ FPDGOPHYQFKIDEGNOH Q@
OLQ\LW KDY]DVOQGDNL PDGHQRL®LQY KD IWMBWBBIW HC
WHNQLNOHULQGHQ ID\GDODQO 0PN V®EDE BDOR R D D L WX,
MHRLVWDWLVWLN \|QWHPOHBRNXW®W O R QRI0IDOUDINN PRIGH OW H
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OHUOHYHGH HNUDQGDQ VHOoLOHQW &P ANREXQ OKD BLGPI
YHULWDEDQODUOQGD EXOXQDQ WPP ODYIOMH @ OGO WXIUE
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WKHPDWLF PDSV XVHG LQ WK H$ DIFE\@ LOOLEA VAWD R | CPLLIGLLQ\I+
FRQYHUWHG LQWR GLJLWDO PD®Y & \WKH@ VR H *O6L IWOH.FAK
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VRQX00DUO FHYKHU NHVLS(OGHVPHEALEQBE JWHRULN
VOQOIODQGAOUOOPOG NDUBWUGHRHMUHOHQH HR H G RO:LU4
LVH ®° OLQ\LW GH=LO LVHPDFIOQGDN DWW O5H GRHU X O D
DWDQPOGWOU 7HUFDQ X\J X OOXQ ALANCN.BID W 99X \|QWHF
GH+LUNHQH GD\DQDUDN PRIGH®E N Q H5Q{ WHHIR ULLAL QIBUH® Y
YDULRJUDPD J|UH LQGLNDWDNONUM®OQ®OPBKPLYDQNL.
WHNQL+L LOH OLQ\LWOL YIHYLWNIOHQ YH WH@QUODGOI
RODVOOONODO RODUDN EHONUOH@RLIWQWHPL\OH WDKP
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Ultimate Pit Limit Designon Baseof Sustainable Developme
Criteria

N. Adibee, M. Ataeepour
Amirkabir University of Technology (Tehran Polytechni&hi&n, Iran

ABSTRACT Sustainable development is the concept that prapsrtant role in business
and industry of the 21st century. In recent years, theepraf sustainability and sustainable
development has been successfully extended to mires@alirces, but there are few attempts
to consider this concept in the Ultimate Pit LimitRL) design. The determination of UPL is
the first step in the open pit mine design and plagnprocess. There are several
mathematical, heuristic and meta-heuristic algorithmdet@rmine UPL. The optimization
criterion in these algorithms is the maximization dakgrofit. Few models integrate some
aspects of mining reclamation benefit and cost inliRe design. However, there is not any
comprehensive method for URlesign on base of sustainable development considerati
This paper provides a model for UPL designing basedustainable development criteria.
Based on this model, it is possible to integrate tistagnable development issues in UPL
design.

1 INTRODUCTION one tries to consider sustainablt

The main issue in design of open pit mines igeveloplTent in the UPLhdeter:mination, hef
that of determining the optimum ultimate pitMUst take into account the other aspects o
limit (UPL) of a mine. Based on common Sustainable  development  other  tha
definition, the UPL of a mine is that contour €cONOMIC aspects.

which is the result of extracting the volume , /N 1987, the Bruntland Commission
of material, which provides the total defined the sustainable development as a

maximum  profit whilst satisfying the “system of development that meets the basic
operational requirement of safe wall slopesN€€ds of all people without compromising
The ultimate pit limit gives the shape of thetn® @bility of future generations to meet their
mine at the end of its life. Optimum pit own life-sustaining needs” (United Nations,
) é.987). In the mine design, "sustainable

design plays a major role in all stages of thd I o d si interch bl
open pit life such as feasibility study stagel€VeloPmMent IS used since interchangeably
ith  "environmental management” or

operating phase and end of a mine’s life. Th . L
environmental protection”. In such cases,

UPL problem has been efficiently solved i< th ) | I
using the Lerchs-Grossmann graph theoretif{!€"® IS the propensity to resolve only one

algorithm or Picard’s network flow method. YP€ = Of problem —  environmental

These methods are based on the “blocREterioration — while ignoring - the
model” of an orebody. iImportance of economic and social goals,

Determination of UPL on base of profit gwo clequally immrtant gi(l;ggs olf:sustainablle
maximization does not coincide with d€velopment [Hilson, ]. For example

sustainable development issues. However, fpurgher and Erickson (1984) showed how,
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through the use of a heuristic modellocated at Darica, Istanbul. Scenarios with
involving reclamation cost requirements,different block dimensions created by
linear programming can  contribute integrated mining software namely Surpac
worthwhile information to the mine planner.6.1 and were compared. Effects of different
Caccetta and Keley (1987) declared there atdocks on reserve, waste amount, chemical
two basic requirements of mine sitedistribution, and estimation of quality of
rehabilitation: (i) that the site is safe, stablecement raw material were determined.
and non-eroding at the end of the life of theGholamnejad and Mojahedfar (2010
mine; and (i) pollutants such as acid-developed a mathematical model fc
producing waste must been buried and beeattetermination of the largest pit with the non-
capped with impermeable material. Theynegative net profit in the open pit mines.
developed a mathematical formulation of theThey declared this strategy can increase the
mined land surface reshaping problem (thdéife of mine which is in accordance to the
first requirement). sustainable development principals. Craynon
King (1998) shows how rehabilitation andand Karmis (2011) declared that By utilizing
closure costs of mines impacts thegeographic information system (GIS) tools
production rate and cut-off grade strategy foto evaluate available data on environmental
a mining operation. Rashidinejad et aland social resources, the regulatory barriers
(2008a) developed a model for optimum cutwhich prevent operations from incorporating
off grades that not only relies on economicakcological and other sustainabl
aspects but also minimizes adverselevelopment concerns into coal min
environmental impact in the form of acid sustainability performance were identified.
mine drainage elimination or mitigation By analysis of the on-the-ground issues
against the approach of postponing theelated to sustainability, the key parameters
restoration/reclamation activities at the endo be incorporated into an optimized coal
of the project's life. Rashidinejad et almine design in Appalachia are discussed
(2008b) developed another  usefulalong with possible changes to th
methodology that maximizes the profitability regulatory framework that would enhance
of a mining project and minimizes its incorporation of sustainability into coal mine
adverse environmental impactsdesign. Ataeepour et al (2012) developed a
simultaneously. The acid generatingmathematical model for determination of
potential of waste materials and tailings inUPL with simultaneous maximization of
each alteration zone can be estimated byrofit and ore content. They introduce a new
laboratory and in-situ tests. They developedharacteristic of deposit that named
a modified cut-off grade model with the “potential of extension” that is a guide for
concept of elimination or reduction of thedesigner for UPL selection on base of
AMD in the original place. Four coefficients resource efficiency and profitability.
that discriminate between acid generating

and non- acid generating waste material and p. DETERMINATION ON BASE

tailings incorporated into the Lane’'s modelqr sySTAINABLE DEVELOPMENT
to ensure optimality of cut-off grades. ngpgcTs

Gholamnejad  (2009) inserted mine

rehabilitation cost into the optimization

process and a new mathematical modet.1 General description

developed based on Lane’s method. Results ¢ above-mentioned, there general

of the application of this method show thatmethod for UPL determination is on base of

fr? en i'df chlfrf1g rr:(;] : bgz[)at;]n ef%ﬁ‘t(zcggg()ji?g?:(groﬂt aspect and there is no consideration on
p grace. Yog ; u ustainable development aspects. We try to

the effects of different block size on reserve evelop a method for captioned subiect

waste amount and distributions of chemicafj P P Ject.

component such as %CaO, %MgO in quarry
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Figure 1 shows the procedure of therate of each indicator is calculated through

proposed method. equation 1.
There are three objectives on the base of L Xi Xmn 1)
sustainable development concepts: D Ximax Xi min

1. Maximizing social benefit For those indicators with negative impact,

2. Maximizing economical benefit equation 2 is applied to calculate the rate.
3. Minimizing environmental impact N

In this paper, a three-objective model is |, ~—m 0 (2)
developed to maximize the economic and Xi max i min
social benefits and minimize the negative Wherel, is the rate of indicator i for the
environmental impacts of the selected UPLpit j, x;, X, .., and x,, is amount of
Table 1 gives a summary of the sustainablparameter (indicators) i for the pit j,
development indicators applied for UPLmaximum amount of indicator i and
determination. minimum indicator i, respectively.

Afterword, considering the principles of
sustainable  development, one  must
determine the importance and weight of
these indicatorsw( in equation 3). This is a
time consuming and case dependant process,
and these weights should be determined
carefully.

Finally, the summation of all the
indicators for each case shows the score of
that particular case (equation 3).

S, | w , jindicateseach p 3)

Where s, is the final score of the pit j.
Figure 1. The procedure of UPL Using the 'scores, one could determine the
determination based on sustainable ranking of pits, and select a pit with the

highest score. Next section provides an

development indicators example to show the applicability of this

procedure.
Table 1. Sustainable development indicators,
2.2 Example
_ Reclamation cost In this section, the procedure described
Environmenta| Land use earlier is applied in an example to show the
Indicators | Stripping ratio (w/o) effectiveness of this method to determine a
Specific energy used pit limit according to sustainable
_ Mine life (year) development requirements. Consider the
Social Safety block model given in figure 2.
Indicators | Resource efficiency If the price of the product is 80 units, and
Ore content the cost of mining and processing is 4 and 12
Economical | Profit respectively, then one could determine the
Indicators ore unit value of the pif  block economic values and economic block

model (figure 3).

The amount of these parameters The mathematical model of UPL
(indicators) is determined for each possiblaetermination is given as equations 4-6.
UPL. Then the rate of these indicators i€quation 4 is the objective function and it
calculated for each case according to th&ries to maximize the ore content of the pit.
characteristics of each possible UPL. Thé&quations 5 and 6 are constraints of the
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model. Equation 5 defines the slope MaxORE :: BT (4)
requirements and equation 6, makes sure that v

the profit of the pit is more than the Subject to:

minimum required.

Figure 2. A sample 2D block model with a vertical deposit

Figure 3. Economic block model of sample given in figure 1

H by, by by, 0 (5) amount of P, is set equal to profit of the
UPL with the highest profit (This pit is
b, BEV, | P (6) called UPLn). Solving the model, one could

Il p A
py ot determine the pits with highest profit and

Whereb, is the block located at row i and with the highest amount of ore content and a
column j,T, is the amount of ore in blodk . ~ profit of approximately zero (figure 4).
BEV, is the block value of and, is the  Afterward, by increasing the amountlf
minimum required profit. By changing the in 5% steps (5% of the maximum profit), it
amount of P_, it is possible to determine a IS possible to determine a set of intermediate
pit limit that provides the maximum amountPits. The description of the intermediate pits
of ore with the given amount of profit. _such as mine I_|fe and ore content of each pit
One must first determine the UPL of theis depicted in figure 5. _
mine with the objective of profit Applying the model in equations 4-6, one
maximization (This pit is called UPL1). could _reach for 9 dlst_lnct UPL. UPL1 is the
Then settingP, equal to zero, one could one with highest profit, and UPLn or UPL9
define a pit with the maximum ore contentiS the one with the highest amount of ore
and a profit of approximately zero. Then thecontent and a profit of approximately zero.
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Figure 4. UPL of the sample block model in Figure 1

amount of Economic, Social, Environmental,
and total scores for each pit.

Figure 5. Description of intermediate pits

Table 2 provides the amount of indicators
for each pit. using equation 1 and 2 ong-
could calculate the amount of indicators for
each case. R ) . .

. . Considering the final scores, it is obvious

Then, the decision maker must provide the, .. jp| 5 isg the one with highest score,
weight of importance of each indicator. ThiSy,o efore UPLS is selected as the final pit
is a case dependent process and it als(ﬂgure 7). UPL5 is between the pit with the

depend on the decision makers priorities . : o :
Using equation 3, one could determine th%'ognﬁ:ﬁi profit and the pit with the highest ore

final score of the pits. Figure 6 shows the

igure 6. Final score of the pits

Table 2. Amount of indicators for each pit

pit UPL1UPL2UPL3UPL4UPLSUPLBUPL7UPL8UPLY
Reclamation cost 1 |0.73/0.55|/0.50|0.36/0.32|0.18|0.14| 0.00
Land use 0.00/0.20| 0.40|0.50|0.60| 0.70/0.80| 0.90| 1.00

0.78/0.44/0.44/0.41]0.25| 0.21] 0.05| 0.00
0.25/0.49|0.33/0.18] 0.20| 0.20| 0.02| 0.00
0.16/0.33/0.42/0.53|0.63|0.75/0.87|1.00
0.67]/0.50|/0.50/0.33/0.33/0.17/0.17| 0.00
0.20/0.33/0.47/0.60/0.67|0.80| 0.87|1.00
0.20/0.33/0.47/0.60/0.67|0.80| 0.87|1.00
0.9320.8870.8580.7560.57710.3970.134 O

0.6970.5670.4790.3740.2710.16§0.05§ O

Stripping ratio (w/0)
Specific energy used
Mine life (year)
Safety

Resource efficiency
Ore content

Profit

ore unit value

B|o|o|~N|o|o1| s w(nj-
RRk(o|ok|o|k|k
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Figure 7. UPL5

3 CONCLUSION of the Eighteenth International Symposium on
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Efficient Real Time Stability Mornoring of Mine Walls: The
Cdllolar Mine Case Study

P. Farina, N. Coli
IDS, Ingegneria dei Sistemi SpA, Pisa, Italy

R.Y6n, G. Eken, H. Ketizmen
Ciner Group, Turkey

ABSTRACT Slope monitoring radar has emerged in the last ters yesaa leading edge tool
for monitoring movements in open pit mines, thanksht dbility to rapidly measure wall
movements with millimetric accuracy over wide areaary weather conditions. IBIS-M is
an innovative interferometric radar able to provide hightial resolution, long working
distances and fast acquisition time. The first IBIS-M depployed in Turkey was installed in
2011 at the large lignite open @illolar Mine operated by Park Teknik. The geotechnical
staff has now 24/7 real time monitoring of the slopéista with a wide coverage on the pit
walls with the capability to detect the onset of wabvements far before the occurrence of
failure, thus increasing the safety standards and priedycof the mine. The IBIS-M
monitoring experience &dlolar mine is presented in this paper.

1 INTRODUCTION involved in the geotechnical risk

In surface mining industry a comprehensivéanagement. L .
slope monitoring program, aimed at The use of slope monitoring radars in

managing potential large-scale instabilitie?PEN Pit mines is today a standard practice
and able to detect at the same time locaP’ @ctive monitoring of the pit walls. Radar

scale movements, should represent aflits are effectively used to get a better
integral part of ’every effective slope understanding of the spatial distribution of

management system. Among all theslope movements and for the provision of

parameters to be considered and included @I}e:ts In thet e\{[_erlllt Olf p(rjotgrels&vefmloven?[ﬁnts
an effective slope monitoring program''at can potentially iead to slope failure, thus

displacements, either surface or sub-surfacdMed at assessing the safety of workers and

components, play a crucial role. In fact, inlncl_\r)e?jse ihehmmle product|V|tty.th dvant
open pit mines large failures are usually  ~adar technology presents the advantages

preceded by small scale slope movement&f Nigh accuracy of the measurements, long-
sometimes limited to few centimeters of totaf?nge hcapablllt'glfes,t “m'tﬁ? impact  of .
displacement and typically characterized by# 1OSPNErIC artifacts on th€ measuremen

temporal evolutions ranging from severalPerformances,  and  possibility ~ to
hours to several weeks simultaneously acquire the response over a

The capability of providing advanced large number of points without the need to

notice over the whole slope of impending'”Sta" artificial reflectors on the slope.
instability conditions, through the accurate dSIope m;amftormg ;adars are baslieg on the
and timely measurement of precursor td@¢@r ~Interierometry, — a — well-known
slope collapses clearly represents a echnology originally developed for satellite

outstanding benefit for the staff of the pit@PpPlications in order to retrieve ground
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displacements related to natural hazardd4n? rock boulder even at more than 1 km
(Rosen et al. 2000, Antonello et al., 2004scan range (Fig. 1).
Corsini et al., 2006; Bozzano et al., 2008)

2 SAR SLOPE MONITORING RADAR
TECHNOLOGY

The first type of slope monitoring radar

introduced into the mining market was based

on parabolic dish-antenna radars (Real

Aperture Radar RAR), exploiting a fine

radar beam that illuminates the target over a

series of footprints.

In recent years, slope monitoring radar for

mining  applications has experiencedrigure 1. IBIS-M is able to cover the full
significant improvement thanks to thescales of slope instability from sub-bench to
introduction of a different interferometric overall slope failure. In blue the radar
radar technology, such as Ground-basedoverage and the range-resolution cells.
Synthetic Aperture Radar (SAR), able to(modified from Read &Stacey, 2009).
overcome some of the limitations of dish-

antenna technology, by providing higher .

spatial resolution, longer working distances3 COLLOLAR MINE CASE STUDY

and faster acquisition time. _ Colldlar Mine is a large coal mine, located
~ A SAR system is characterized by ajn the . DK U D P D QiRtEidY D (Southern
limited number of moving parts, beingTyrkey, to the North pof the towns of

composed by a radar sensor with a couple ®|histan DQ G $aad. Qperated by Park
small horn antennas that illuminate thereknik (Fig. 2).

monitored area while sliding along a long
linear scanner. Thanks to this movement,
SAR performs a full resolution scan of the
observed area in a short time compared to
RAR for the same area coverage (e.g. less
than 3 minutes to cover an area of a 6-8 km
at 2 km operating distance). Fast scan time
means reduced impact of atmosphere on
radar data and higher sensitivity to the onset
of potential failure thanks to the higher
sampling rate.

In this paper monitoring results obtained; ;
by using IBIS-M SAR slope monitoring m%uere 2. Location of thal R O Q@D TAst
radar are presented.

The high spatial resolution of IBIS-M is  The box cut of mine is 2.3 km long and
an important added value for open-pitand 1.5 km wide (Fig. 3). The elevation of
applications, since it means higherthe mine is approximately 1.180 m a.s.l.
sensitivity to slope movements and In February 2011 two catastrophic mass
capability to detect smaller areas of failuremovements occurred at the mine site. As a
especially for sub-bench or bench-scalgonsequence of these events, the overall
failures. The typical resolution cell of IBIS- slope angle in the Application Mine project
M is be of 0.5 m x 4.3 m at 1 km monitoringwas decreased from 46wnith an overall
distance, thus allowing the detection of a
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stripping ratio of 2.28:1 to the current 14- The Geological map and stratigraphic
15°with stripping ratio 3.614:1. sequence are shown in Figure 4.

Figure 3. Aereal view ofolldlar Box Cut

Moreover, in order to increase the safety

levels of the mine and reduce production
downtimes, the geotechnical department of
the mine installed an IBIS-M slope

monitoring  radar, which has beenFigure4. d|OORODU &RDO )LHOG
successfully operating for two vyearsthicknesv $SGDWHG IURP 8UDO
guaranteeing 99% availability for around the(2004)
clock active and background monitoring of
the pit walls. Gyttja is the most important geological
formation which is composed of gastropod
fossils, plant residues and humus content.
Gyttja seam dips 5- 2 WRZDUGV 6( Zl1
average thickness of about is 40-50m.
. It is interbedded in the main coal seam as
3.1.1 Geological Backround a very thin layer. Above the main coal seam,

According to < | U » N R + O Xthe Elbistan gttja starts With Gyttja with coal, Gyttja with
basin takes its name from the neare%%umus’ Gyttjia Clayey and Calcaceours

3.1 Geological and Geotechnical
Background

Elbistan city. The Elbistan basin covers a yttja. Gyttja formations disappears toward
area of 900 kiwith a mean elevation of he north and north east.

1.200 m asl$lulLQ (OELVWDQ /I—lry rE])gLe\c/)YOGy H‘tﬂeolgbistan basin is very

bed formed during the rise of Toros I T luat d i th
Mountains after Alpine Orogenic Phase. Th‘%ompex. 0 re-evaluate and verify the
base of the region is a Permo-drogeological  parameters, - special
Carbonifierious old limestone pumping tests were realized in 57 different
: : C wells (main  well and groundwater

Neogen lithologies  are  given, frommonitoring wells). According to the test

bottom_ to top: . : results, there are 8 main aquifers, from top to
X Limestone Formation (possible bottom (MBEG, 2012)-

confine aquifer)

x Bottom Clay: Greenish, bluish-plastic - glravel
clay and marls of lignite bottom, ] G;t}[ga

X Lignite zone with transitive layers of
coal and gyttja
x Gyttja

- Gyttja with Coal
- Calcareous Gytta with Coal

x Greenish, blue, plastic clay, loamand - goal o
marls of lignite top - Green Clay
- Limestone
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Total stations involve two reference
Gyttja, Gyttja with Coal and Calcareouslocations and nine prisms.
Gytta with Coal are very crucial aquifers for Figure 5 shows the planimetric view of
the basin. Water content of the gyttja seriefe pit with the locations of IBIS-M radar
are very high, On the contrary, permeabilit)ﬁnd total stations.
of Gyttja series is very low and water
trapped locally in the pockets of gyttja
behaves as a pressurized aquifer. The
OLPHVWRQH DFWV DV D FRQ¢QHG DTXLIHU DQG
contains pressurized water.

3.1.2 Geotechnical Backround

The geotechnical model of the mine area
was revised after the two catastrophic mass
movements occurred in February 2011. In
2007 five geotechnical boreholes were
drilled and 57 undisturbed samples using
Shelby tubes were taken. Undisturbed
sample were sent to soil mechanics
laboratory of the METU. In 2011, 362
undisturbed samples using Shelby tubes
were taken at 7 different locations and they
were tested by METU Soil Mechanic Lab.

The geotechnical parameters derived fronf:igure 5. Planimetric view ol R O Oni@eD U
this test campaign are listed in Table 1. IBIS-M wide coverage makes it possible to
cover the entire area of interest from a
permanent installation on the opposite side
of the pit.

Table 1. Principal Geotechnical Parameters

Robotic total stations, although one of the
most diffuse monitoring tool for surface
movements, present some limitations:

x Low accuracy of measurements ( e.g. a
tolerance of #2cm at 1.000m
measurements distance)

x Measurements affected by weather
conditions (snowy, foggy days effects
the measurements precision.)

X Not possible to measure movements in
real-time necessary for  critical

3.2 Analysis of Radar Data monitoring.

Shortly after the two mass movements of These limitations are overcome by slope
February 2011, a slope monitoring networkmonitoring radar, which ensures sub-
was implemented to detect possible furthemillimetric accuracy, operability under all

slope movements. weather conditions and real-time active
The current mine monitoring systemmonitoring with customizable alarming

consists of two robotic total stations and ongapabilities.

IBIS-M unit.
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The broad area coverage makes it possible
to monitor the pit wall from a semi-
permanent installation on the opposite side
of the pit, at a working distance of about P

km (Fig. 6).

November 2011

Figure 6. IBIS-M installation aColldlar.

During the monitoring period June 2011-
January 2012 IBIS-M was able to pick u
several moving areas highlighted in Figure
7

(=)

From radar data it is possible to observe| a
general stability of the pit with a few area
of localized movement. The most activ
areas have been Area 3, Area 4 and Area 6.

)

December 2011

(1]

June 2011 July 2011

January 2012

July 2011 September 2011

Figure 7. Monthly cumulative displacement
radar maps covering the peridcbm June
2011 to January 2012, highlighted in red the
areas of movement.

October 2011
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Area 3 and Area 4 show a similar Area 3
behavior (Fig. 8): after an acceleration
characterized by an important movement
during June-July, the movement tends to
slow down until January 2012 when the total
cumulative displacement is about 1m.

On the contrary, Area 6 only activates in
September 2011and rapidly moves with an
accelerating trend until January 2012, with|a
total cumulative displacement that excee
2.4m.

These movements occurred as a consequence

of the following factors:

x Bench height and steep bench angle

consequence of the two landslides

February 2011 (bench height: 50m

and bench angle close 20

x Presence of low-cohesion geological
formations (such us gravel, loam)

x Bad weather conditions (rainy an

showy season) Area 6

Radar data show that during the
monitored period only localized movements
occurred and none of them led to large mass-
movements as occurred in February 2011.

1S5
v}

Area 4

=]

In October 2011 small movements were
detected by IBIS-M in landslide area of
February 2011, were some search and rescue
operations were undergoing. The use of the

radar allowed the local staff to manage the-jgyre 8. Displacement time series relative

risk associated to the rescue operations. I aArea 3, Area 4 and Area 6 over the period
fact, according to the radar data, the rescugne 2011 January 2012

operations were stopped, some small tension
cracks were subsequently observed in the
field and the operations started again once
the radar data showed a deceleration of the
movements in that area.
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4 FINAL REMARKS 2000. Synthetic Aperture Radar Interferometry
L Proc. of the I.LE.E.E. 88, pp. 333-382.
Slope monitoring radar represents today @yal, ., v iiksel, F., 2004. Geotechnical
standard practice for real-time monitoring of characterization of lignite-bearing horizons in
slope displacements in open-pit mines. IBIS- the AfsinElbistan lignite basin, SE Turkey.
M is based on the SAR technique that~f lESQiRleSfi_"% Seongy 7%&2%%@@9 project
ensures the_highest resc_)lution and longes and. Mini; Activities a-t AELI Establishment of
operating distance available today. By 7 5 0 SG HOFLOLN GHUZAVL 6D\O
covering all the scales of slope potential
instabilities, from bench scale in open-pit
mines to overall slope instability, IBIS-M is
the perfect tool for both active and
background long-term monitoring.
Colldlar coal mine in Turkey has used
IBIS-M as part of its pit monitoring system
since 2011. IBIS-M has guaranteed 99%
radar availability and was able to properly
pick up several moving areas that showed
different evolution during time. The full
coverage allowed the geotechnical staff to
accurately map the stability hazards and
develop a production plan accordingly, thus
maximizing  production potential and
increase safety standards.
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A Genetic Algorithnfor Pit Limit andBlending Optimization

M. Rahmanpour, M. Osanloo
Amirkabir University of Technology (Tehran Polytechni@hran, Iran

ABSTRACT Pit limit is the set of those blocks that are padfie to be exploited by open pit
mining methods. In traditional pit limit optimizatiagachniques, one cannot take into account
the requirements of blending. Some commodities sucliran ore, coal, limestone, and
industrial minerals need to be blended to provide adyst that suits consumer’s
requirements. In this paper a combination of gengiit pit design algorithms is used to
determine the pit limit of an open pit mine considgrithe blending requirements. The
approach uses a self-adaptive differential evolutigorghm (JDE) to selects those blocks
that meet the blend requirements, then modifies tbekblalues, and determines the pit
limits. The resulting pit is a set of those blockd #r@ profitable to be exploited and blended
by open pit mining.

1 INTRODUCTION mined or not, if so, at which time it should be

Developing a ‘Geological block model’ is mined, and once it is mined, how it should

the first step in computerized mine planningtnén be processed, to maximize the net

In order to construct the Geological bIockpB‘?%ent value of the operation (Dagdelen,
model of the deposit, the ore deposit or thg D )t inina the final oit outline is th
orebody is divided into fixed size rectangular,_.-S€rmning the final pit outiné 1S the
part which is called a ‘block’The size of initial step of mine planning. It determines

blocks depends on the exploration drillingn® Set of blocks with the highest profit,
pattern, orebody geology and the size o{'hich could be exploited by open pit mining.
mining equipment. After determining the he solution to the fmal pit limits probler_n is
block dimensions, geological characteristic&/Sudlly ~used to justify the project
of each block are assigned using invers§conomically and it is also a guide to the
distance, geostatistical methods, conditiona[P'ne planner to locate the mine site facilities.
simulation or other available techniques.N€ré are many methods introduced by
This set of blocks which is based upon levef€Searchers to determine and optimize the
of geological knowledge and confidence, i¢ltimate pit limit (Newman et al. 2010).
called a ‘Geological block model. Then, _ Before applying any of the pit limit
using economic data (selling price, operatin@Ptimization techniques, BEVs should be
costs, recoveries, mining and processingaiculated through this formula:
costs), the economic value of each block oy _ .
"Block Economic Value" (BEV) will be BEV = (metal content) xprice x recover )
calculated. The block model containing the _ - Processing costs - mining costs
BEVs is called "Economic block model”. [Equation 1 is true when it is applied to
The aim of mine planning is to determineMineral such as gold, copper, and diamond.

whether a given set of blocks should béNhen it comes to mineral like iron ore, coal,
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limestone and some other industrial mineralsjeed for some fast algorithms in order to
this formula cannot be applied to evaluate@ptimize the blending and pit design. This
the economic value of blocks. The reasons iwill enable the planner to compare any
that, the aim of mining the latter group ofblending options to select the most suitable
minerals (i.e. iron ore, coal, limestone), is toand profitable case.
achieve a predetermined quality, and the Section 2, briefly reviews the available
price obtained for blended ore is constaninethods for open pit design. Section 3,
and it does not depend on the quality of eacprovides a general mathematical model for
individual block. In fact, there are variousblend optimization. In section 4, the
blocks with different qualities and ore-typescombined approach introduced by Osanloo
which must be blended to produce aand Rahmanpour (2012) will be described.
marketable product with regard toThen a self-adapting differential evolutionary
consumer’s targets. Otgpes are assigned algorithm is  developed for blend
on the basis of ore grade and contaminantsptimization. The proposed algorithm is
The solution to the problem of how toapplied to determine the final pit limit for
generate an optimal pit which contains arGol-E-Gohar iron ore mine which is
optimal mix of ores blocks is a combineddiscussed in section 5. Section 6 gives the
operation of pit and blend optimizing. Thefinal remarks of the paper.
aim of combined pit and blend optimizing is
to prO(_Ziuce a pit WhICh yields different Ore-o> pIT OPTIMIZATION
types in such quantities that the sum of the . . o ) .
profits of mining and blending operation is 'he aim of pit optimizing is to designs a pit
maximized. in which (1) pit slope constraints are obeyed,
Mol and Gillies (1984) take the and (2) total value (profit) of the pit is
advantages of grade-tonnage curve tfaximized. Pit value is the summation of
determine a cutoff grade in iron orethose block-values that are included in the
deposits, in accordance with the blendinal pit. BEVs are normally calculated via
requirements. The main drawback of thequation 1. After the calculation of BEVs
approach is that it does not optimize the pignd developing an economic block model,
design. This technique may also lead téh€ ultimate pit limit of the mine can be
abandoning of some low grade blocks wittfletermined. Various techniques are available
low impurities, which might be included in t0 determine the ultimate pit limit. When the
the blended product. ultimate pit limit is determined it means that
Srinivasan and Whittle (1996) developed dhe value of ore blocks (income) can pay the
heuristic method to combine pit and blencfOSts of removing the overlaying waste block
optimization. Their method iteratively (COStS). Inside the pit limit, mining
changes the price of each ore type until thePerations is economic with the highest
quality of ore types mined is equal to theProfit, and outside the pit limit, open pit
blending requirements. mining is not likely to be profitable.
Osanloo and Rahmanpour (2012) Optimum pit design methods are divided
developed an approach based on 1Mo Heuristic and Rigorous methods (Kim,
combination of Binary integer programming1979). Heuristics are short cuts to solve the
(BIP) and network flow. In this method, ultimate pit limits problem and heuristics
those blocks that meet the blendingsUch as moving cone technique are not likely
requirements are selected using BIP. Thelf determine the optimum solution of the
applying maximum flow technique, the final Ultimate pit limit problem. On the other
pit limit of the mine considering blending hand, these methods are easy to implement
options is determined. This approacHut it should be noted that they lack the
iteratively uses BIP to select the ore block$igorous mathematical proof. Pana (1965)
that meet the blending requirements, whicktroduced the moving (floating) cone
is quite time consuming. Therefore, there is &chnique. This technique creates a cone for
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every ore block and searches for any condewman et al. (2010) provided a thorough
with  positive value. Korobov (1974) review of pit design algorithms.
attempted to improve the Pana’s virg The traditional open pit optimization
cone method (Kim, 1979). algorithms are affected by the uncertainty in

Lerchs and Grossman (1965) used th&ey input parameters, leading to suboptimal
concept of dynamic programming and theysolutions and deviations from production
introduced their  well-known two- plans. Whittle and Bozorgebrahimi (2004)
dimensional algorithm in order to find andeveloped the concept of hybrid pits to
optimum pit limit (Lerchs and Grossman,determine the ultimate pit limit in the
1965). Later, Johnson and Sharp (1971) usqatesence of grade uncertainty. In this
this idea in order to design a 3Dimensionahpproach, conditional simulation and LG
pit. Koenigsberg (1982) used dynamicalgorithm are combined, and using set
programming to find a 3Dimensional theory, it leads to the creation of pit outlines
optimum pit limit. It was also Lerchs andwith quantifiable degree of risk. The hybrid
Grossman (1965) who introduced the use gbits can be used as design guides to avoid the
graph theory in optimum pit design (LG higher uncertainty in early stages of a mine
algorithm). They converted the block modeldevelopment. Meagher et al. (2009)
of the mine into a graph and determine theombined conditional simulation and
ultimate pit limits by solving for the maximum flow theory to determine the
maximum closure of the graph. Zhao andiltimate pit limit and push back design in the
Kim (1992) used this idea with somepresence of grade and price uncertainty.
modifications and they claim that theirOsanloo et al. (2009) take the advantage of
method is simpler and faster than the LGeal option to determine the ultimate pit
algorithm. Tolwinski and Underwood (1998) design, in the presence of price uncertainty.
used the concept of graph theory and The algorithms, developed in the presence
mathematical programming and solve thedf uncertainty are beyond the scope of this
dual form of the ultimate pit limit problem. paper. In all the algorithms developed to
The concept of linear programming in pitdetermine the ultimate pit limit, it is assumed
limit design problem was first used by Meyerthat, BEVs are calculated correctly. It should
(1969). He made so many hypotheses in hise noted that, the BEVs of the blocks
work which results in a non-optimal solution.blended to be marketable are the same.
Huttagosol and Cameron (1992) dealt wittHowever, pit optimization techniques do not
pit design as a transportation problem. deal with the blending issues.

Pit parameterization is another method
introduced by Matheron (1976). In thiS3 BLEND OPTIMIZATION

method instead of directly searching for the_. o i ,
pit limit, a parameterization function is Different objective functions can be defined

determined 'HQE\ DQG 6FKR¢ Aang @sed for blend optimization, such as, (1)
combine the pit limit determination andthe total tonnage of blended ore is
production planning using genetic algorithm.maximized,  while — satisfying  grade
Network flow and maximum flow Constraints, and (2) the cost of producing a
algorithms are other methods for solving thélnit of blended product is minimized by
ultimate pit limits. Johnson (1969), Picargdetermining the ratios in which ore-types
(1976), Giannini (1991), Yegulalp et al should be used, given a unit cost for each
(1992) and Hochbaum and Chen (2000) use@fe-type, and satisfying grade constraints of
the algorithms of maximum flow to final product. o
determine the pit limit. Hochbaum and Chen The mathematical model to maximize the
(2002) have extended the recentotal tonnage of single blended product is

improvements in network flow algorithms Presented in equations 2-5. In this model it is
into the LG algorithm (Muir, 2004). assumed that there is just one final blended
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product that must be produced from thesection the approach to combine pit and
mine. blend optimization is presented.
MaximizeT 1 X X @)

b+B

4 PIT AND BLEND OPTIMIZATION
Subject to:

I g G. x do There are a number of pit design algorithms
Ly oo mn %o 3) Wlhich his discussedh in ﬁection 2.f Theshe
Ui - algorithms require that the BEV of eac
Sy Mo e X, 0 1L (4)  block to be determined prior to applying the
X, * ™1, be B (®) algorithms. In order to determine the BEV of
the blocks, one needs to first select the set of
In this model, T is the total tonnage of blocks that can be blended. Then the BEV of
final blended material to be maximized, b ighese blocks is set to be equal to the value of
the block identifier, and B is the set offinal product. After this, one could apply any
potential ore blocks in the block mode, ayailab!e methods to determine the ultimate
is the tonnage of material in block b, and Pit limit (UPL). Figure 1 presents the
is the decision variable. If, is equal to 1, Procedure of determining the ultimate pit and
then block b is included in the blendedP€nd limit according to Osanloo and
product, and ifx, is equal to 0, then block b Rahmanpour (2012).
is not included in the blended product and it
will be treated as a waste block,and G,
are the grade of material in block b, and
minimum allowable grade of final blended
product respectivelyn,,,im/, andim!_ are
the number of impurities in the ore deposit,
grade of impurity i in block b, and maximum
allowable amount of impurity i, in the final
blended product respectively.
The aim of the model is to maximize the
total tonnage of the blended product
(Equation 2). Equation 3 guaranties that the
grade of the final product is greater than the
minimum required. Equations 4, is used to
make sure that the amount of impurities
(contaminants) in the final product is lower
than the maximum allowed. Equation 5, _. -
make sure that the decision variables arei9ure 1. The procedure of determining the
binary. ultimate pit-blend limit
The model presented in equations 2-5, According to figure 1 the steps of

selects a sub set of potential ore blocks tha termining the ultimate pit-blend fmit i
meets the blending requirements, and it do Ilg\:vm'n'ng € ultimate pit-biend imit 1S as

not consider the final outline of the mine (pit'© .
\ ! e ine (pi Step 1) The potential ore blocks are

limit). The set of the selected potential ore
blocks is the input of the pit optimization S€lécted from the block model based on

algorithms. The values of the potential oreCha(;aCt_ﬁr]iStiCS S];uﬁh aSbI roik type andd gre
blocks are assigned to be equal to the valfg@de. The set of these blocks are named S.

of the final product, and those ore blocks that St€P_2) Set S is fed into the blend
timizing model to identify and select those

are not selected for blending are treated %O
n

waste blocks. Then it is possible to determin@ ©ck  which _ satisfy ~ the — blending
BEVs and the ultimate pit limit. In the next 'equirements. The set of those blocks that
meet the blending requirements are called
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BS. The mathematical model of blendfunction itself. Other accessory properties
optimization is given in equations 2-5 and asuch as differentiability or continuity are not
self-adapting differential evolution algorithm necessary. As such, they are more flexible in
will be introduced to solve the blenddealing with a wide spectrum of problems
optimization model. (Back et al. 1997).

Step 3) The BEV of those blocks included When using an EA, it is also necessary to
in set BS are assigned to be equal to thgpecify how candidate solutions will be
value of the final product. Those block thatchanged to generate new solutions. Starting
are not a member of BS are waste blocks ansith a number of guessed solutions, the
their BEVs can also be calculated. multipoint algorithm updates one or more

Step 4) A UPL optimizing algorithms will candidate solutions in the hope of steering
be applied to determine the set of blocks thahe population toward the optimum (Deb,
are economically profitable to be exploited2005). DE creates new candidate solutions
be open pit mining. The sub set of BS whictby combining the parent individual and
is inside the UPL is named PS. several other individuals of the same

Step 5) In this step it should be checkegbopulation. A candidate replaces the parent
that if the blocks in set PS, satisfies theonly if it has better fithess (objective value).
blending requirement. Then, the UPL DE has three parameters: amplification
determined in step 4 is the optimum pit limitfactor of the difference vector (F), crossover
that satisfies both blending requirements andontrol parameter (CR), and population size
pit design constraints. If not, those blockdNP). The values of these parameters greatly
that are not profitable to be exploited byaffect the quality of the solution obtained and
open pit mining are removed from set S, anthe efficiency of the search. Choosing
the procedure repeats from step 2. suitable values for these parameters is,

Applying the procedure presented herdrequently, a problem dependent task and
one could achieve a pit limit that meets bothequires previous experience of the user
blending requirements (the consumer'yBrest et al. 2006). In self-adaptive DE
requirements) and pit design constraintgslgorithm, the parameters to be adapted are
(including pit slope, and precedence ofencoded into the chromosome and they also

blocks). undergo the actions of genetic operators. The
better values of these parameters lead to

4.1 Self-Adapting Differential Evolution better chromosomes which, in turn, are more

Algorithm likely to survive and produce offspring and

) . propagate better values of the parameters as
In step 2 of the procedure introduced for pityyg||.

blend optimization, a genetic algorithm prest et al. (2006) developed a self-
namely Self-adapting differential evolution isadaptive DE algorithm based on the self-
applied to solve the blending optimizationadaptation of two parameters F and CR, into
problem  (Equation  2-5).  Differential the = individuals, associated with the
evolution (DE) introduced by Storn and Priceayolutionary process.

(1997), is a simple yet powerful evolutionary | this algorithm called jDE (Qin et al.
algorithm (EA) for global optimization. The 2009), D is the set of optimization
DE algorithms are becoming more populapharameters and it is called an individual and
and are used in many practical cases, main¥ represented by a D-dimensional vector. A
because it has ~demonstrated goo@opulation consists of NP parameter vectors
convergence properties and it is easy tq i 1 . Npand G denotes one generation
understand. EAs are a broad class Ofnd there is one population for each
stochastic optimization algorithms inspiredgeneration. NP is the number of members in

by biology and have many advantages ovej population, and it is not changed during the
other types of numerical methods. They onlyptimization process.

require information about the objective
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According to Storn and Price (1997,0therwise, no new parent vector would be
2002), there are three operations in DBproduced and the population would not alter.
including mutation, crossover, and selection.

The general idea behind DE is a scheme for C. Selection

generating trial parameter vectors. Mutation . .

and crossover are used to generate ne\%SeIectlon operation selects the best
vectors (trial vectors), and then selectiorffomosome from the population for the next
determines which of the vectors will survivedeneration. In jDE a greedy selection scheme

into the next generation. is used as well. In dealing with a
minimization problem, the selection rule is
A. Mutation as follow
Mutation operation mutates a chromosome U if f u fox
. . . iG 1 iG 1 iG
into a new one by inverting randomly Xig:1 ®

selected genes of the chromosomes. For each “Xie otherwise

target vectorx,,, a mutant vector v is

generated according to equation 6. for i. 1,.D.f is the objeptive or fithess
function. If, and only if, the trial vectar,; ,

v. X E x X yields a better cost function value (minimum
et Tmer b s o s (6)  value in a minimization problem) thax,,
Mz2z23 2 NP then x,  , is set tou,; ,; otherwise, the old

valuex, ; Is retained.

In which the indexesrir 2y ¢ are chosen In jDE, the control parameters that will be

randomly. Note that these indexes aradjusted by means of evolution are F and

different from each other and from theCR. Both of them are applied at the
running index i, therefore the number of thandividual level. In means, the better values
population must be at least foux® t4). F of these control parameters lead to better
is a real number that controls theindividuals, which, in turn, devise next

amplification of the difference vector generations with better parameter values. In
Xiog 1 Xegg 1 - each generation, new control parameters
F . andCrR , are calculated as

B. Crossover
-F rand,*F, if rand, U
Crossover operation crosses two or more Fig: ® otherwise
chromosomes to create new chromosomes e
for the population. The target vector is mixed g rand,, if rand, 1Y
with the mutated vector, using the following €t ¥R, othenwise
scheme, to yield the trial vector

(8)

and they produce factors F and CR in a new

Ug i1 Uig vlag pubbic 2 (7) parent vectorrand,, j * 1,2,3,4, are uniform
where random values. ¥ and Y represent
probabilities to adjust factors F and CR,
Yy, ffrj @CRorj mi respectively. According to Brest et al.
Y1 @ itrj icrorjzmi ) PP (2006),if W ,10.1, F 01andf, 09 then

the new F takes a value form [0.1,1.0] in a
rj +»1 is the | evaluation of a uniform random manner. The new CR takes a value
random generator number. CR is thdrom [0,1]. K., andCR, , are calculated
crossover constant, which has to bdefore the mutation process. Therefore, these
determined by the usem j - 1..p is a nhew factors influence the mutation,
randomly chosen index which ensures thatrossover, and selection operations in
u ,gets at least one element frowm, ,.
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producing the new vectox, ; , for the next Doing this, the constraints of the model in

generation. equations 3 and 4 will be imported to the
The main advantage of jDE algorithm isobjective function. Using the fitness function

that, the user does not need to guess the gogdéscribed in equation 9, the score of each

values for F and CR at the beginning of théndividual can be calculated in the jDE

algorithm. These parameters are implicitlyalgorithm.

adapted inside the algorithm.

In this paper, DE algorithm is used to5 APPLICATION IN GOL-E-GOHAR
optimize the blending of ore blocks in openRON ORE MINE

pit mining.

] ) Gol-e-Gohar iron ore mine number 2 is
4.2 Fitness Function of Blend selected to check the applicability of the pit-
Optimization blend algorithm to determine the pit limits of

The mathematical model of the blendingthis mine. Gol-e-Gohar iron ore mine
optimization is given in equations 2-5. Innumber 2 is located in south-east of Iran
order to solve the blending optimization(figure 2). The block model of the deposit is
problem using a genetic algorithm, theconstructed using 42 drill holes. Small block
concepts introduced by Olivetti (2003) anddimension are decided to be 10*10*15
Huy et al. (2004), is practiced here, to definéneters. The number of block on each axis of
the fitness function. the large block is 210*140*20 blocks. Each
D is the set of optimization parameters (selock contains information about its sulfur,
of decision variables) which is called anphosphor and Fe content. The shape of the
individual and in the case of blendingdeposit is depicted in figure 3. The blocks
optimization, D is equal to the number of oreare divided into two main ore types, one
block. In genetic algorithms, fitness functionwhich is low in sulfur and the other which is
gives a score for each individualhigh in sulfur content. The block model
(chromosome) which defines the probabilitycontains 8259 blocks of both ore types. The
of that individual to be chosen for the nextlock model designed for this mine has got
generation. up to 588000 blocks.
Considering equation 2-5 and assuming
that there is only one impurity in the ore
blocks, the fitness function will be calculated
as follow

fvaue POP  PT PG PG, 9)
In which

T Xy Xy

!
L8

b
C, Max-%.: % G % _ _ ,
©b-s Figure 2. Location of Gol-e-Gohar iron ore

Co Max D, ! g imy x, mines
©bes

Prior to applying the pit-blend optimizing
P, FQJ, and P are the degree of importanceprOC.Gdure, boundlng teChnlque was applled
(or weight) of T,c,, andC,, in the fitness to discard the unnecessary blocks of the

function respectively.POR, i 1,...NPis a block model. The bounded block model
candidate solution of the problem.
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contains 94’311 blocks. In this section thecontent. Therefore, the constraint on P

following assumptions are made: content is relaxed for all the blended
a)The mine is not processing the oreproducts. This graph is used to determine the
blocks in the plant cut-off grade of iron in accordance with the
b)The mine is producing blended ore to théblend requirements. Based on this graph and
market the traditional way of selecting ore blocks, a
c)There is no limit on the demand for thecutoff grade of 61% of Fe content satisfies
product final product requirements. Based on the

d)The mine should produce a blendedletermined cutoff grade, 346 blocks were
product with a quality of minimum 65% selected as ore blocks. After recognizing of
of Fe, and 0.15% of P and 0.2% of S irore blocks, the block economic value of
maximum. these blocks were assigned to be equal to the
value of final product and the economic
value of other block were assigned as waste
blocks. The economic block model is then
fed into a pit limit optimizer. In this paper,
maximum flow algorithm was used to
optimize the ultimate pit limit (as in Osanloo
et al. 2010). Using the technique, the
optimized pit limit contains 6383 block
Figure 3. Ore body model of Gol-e-Gohar  which 336 of them are ore blocks.
iron ore mine number 2 The aim of this work is to design an
optimized pit-blend limit. To do so, the
The grade-tonnage curves and curves fqsrocedure described in figure 1 is applied to
cut-off iron versus average iron, sulfur, andhe block model of Gol-e-Gohar iron ore
phosphor is generated for the deposit (Figurdeposit. The mathematical model (equations
4). 2-5) is solved by jDE algorithm, to optimize
the selection of blocks that meets the
blending requirements.
Solving the blend optimization model,
2015 blocks are selected as potential ore
block to be fed into the pit optimizer. The
selected blocks satisfy the requirements of
blended product. Then the economic block
model is constructed and fed into a pit limit
optimizer. Using maximum flow algorithm,
the optimal pit of the mine is determined. On
the final iteration of the procedure, the
optimized pit limit contains 26083 blocks
which 1995 blocks of them are ore blocks.
The ultimate pit limit of the optimized pit-
blend limit and the pit determined by
traditional method (Mol and Gillies, 1984) is
shown in figure 5 and 6.

Figure 4. Grade tonnage curves of the
deposit

According to the grade-tonnage curves, all
of the ore blocks satisfy the constraint of P Figyre 5. Perspective of ultimate pit limit
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jDE algorithm. The |DE is a fast algorithm
for solving large optimization problems. In
determining the pit-blend limit for the mine,
the time of extracting the block is not
considered. It is an obligation for the mine to
produce a final product with a stable quality.
So, using the pit-blend optimizer for long
term planning may not be useful, but,
determination of an optimized pit-blend limit
is very helpful in medium term and short

Figure 6. Ultimate pit limit based on grade- e€rm mine planning.
tonnage curve (not blend pit) and optimized
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Selectingthe Suitable Haulage System UsitgPVS Method,
Considering Sustainable Development Concepts

M. Jamshidi, M. Osanloo

Department of Mining and Metallurgy, Amirkabir Ueigity of Technology (Tehran
Polytechnic), Tehran, Iran

ABSTRACT Transportation costs have always been a significant @f large open pit
mining capital and operating costs. It counts ab@utig to 60 percent of the total operating
cost in open pit mining. The main goal of desigraalage system is an implementation of a
plan that meets the required production requirementsiatgse at competitive cost, and
complies with environmental regulations. Selecting thitable haulage system can be
considered as a MADM problem because the effective pdesimare various, with different
importance. In this study, the HPVS method that wsd3EA model to produce weights
associated with each ranking place was applied tectséhe suitable haulage system
considering sustainable development (SD) conceps. dpproach was tested in Sarcheshmeh
copper mine of Iran. The result of this model shows ttatcombination of truck-shovel and
in-pit crusher is as the most appropriate haulage systemdhesameh copper mine.

1 INTRODUCTION are often complicated and may even embody
contradictions.

One of the main proportions of operating  Different types of models have been
cost of open pit mining is related to haulag&l€veloped to selecting the suitable mining
capital and operating costs. Currently, truci€duipment. Expert system as decision aid in
with 360-ton capacity is running in someSurface mine equipment selection was
open pit and some researcher give indicatioﬂg’p“ed by ~ Bandopadhyay, et al
to the employment of 420-ton capacity truckBandopadhyay et al 1987) and Denby,

(Jacek, Zaplicki, 2009). The capital cost of>chofield (Denby, Schofield 1990). Hrebar
truck with capacity around 300 ton reach(Hrebar 1990), Sevim and Sharma used net

above 2.5 million US $. Therefore, Present value analysis for selection of a
equipment selection is one of the mo’siragline and surface transportation system

; tant ts of it mi lannindSevim, Sharma 1991). Cebesoy used linear
gp]godree;rilgr?specs O open pit mine plannin reak-even model (Cebesoy 1997). Models

The purpose of equipment selection is t¢0f €quipment selection and = evaluation
select optimum size and number ofdescribed by Celebi were aimed at selection

equipment with minimum cost (Osanloo,Of the equipment fleet based on minimizing
2007). the unit  stripping  cost and maximizing
The selection of equipment for mining Production (Celebi 1998). Hall et al.

applications is not a well-defined processillustrated how reliability analysis can
because it involves the interaction of severdfoVide mine management with quantitative

subjective factors or criteria, decision oninformation of value for decision making
mine equipment selection in different minesdPout surface mining equipment (Hall et al.
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2003). Analytical hierarchy process has? SUSTAINABLE DEVELOPMENT
proposed for application to selection of(SD) AND MINING INDUSTRY
elqument by some researchers (Salman'ija B over 20 years, the words ‘sustainable’
?:Jii??ozéiE?cs)fitgl]egggs&rﬁisnﬁﬁgnrﬁ;tﬁogSaen dand ‘sustainability’have been in the lexicon
surface transportation system. Equipme f governments and policy makers

. . : roughout the world. It is generally agreed
Selection (EQS) is computer software tha hat sustainable GHYHORSPHOW Z[
used fuzzy logic for equipment selection in H.QHG LQ E\ WKH

surface mines and proposed by bascetinn <. “
prop y ommission as “a system of development

al (Bascetin et al. 2006). Application of i
K - that meets the basic needs of all people
AHP-TOPSIS method for loading-haulage ithout compromising the ability of future

equipment selection in open pit mines W"-’%Venerations to meet their own life-sustaining
used by Aghajani, Osanloo (Aghajani, QHHGV' 8QLWHG 1DWLRQV

Osanloo 2007). Aghajani et al used fuzzy- LT

TOPSIS method to selecting Ioading-haulag?n Whereas mining is nonrenewable process,

. ; NN 2 e concept of sustainable development may
equipment in open pit mines (Aghajani et al eem to be an oxymoron, but different

2008). In order o selecting the overburde uthors have argued about this and believe

removal equipment, Aghajani et al applie o . .

the modified VIKOR method (Aghajani et T'at Mining operations can be moved in the
irection of sustainable development

al, 2009). Aghajani et al also proposed ovement.

linear programming model to open pit mine 7KH DXWKRUV DOVR RIIHU

equipment selection (Aghajani et al, 2010). ustainability i L
L : y in the context of mining,
In decision making problems, researcherlgndica,[ing that

have faced two difficulties in recent years: ‘Mining is sustainable when it is

(i) calculation of relative weight for each ;
criterion, (i) uncertainty in judgment for conducted in amanner that balances
economic, environmental and social

decision makers (Nourali et al, 2012). iderati f ferred he tripl
The process of solving haulage systengOhSiderations, often referred to as the triple
bottom-line and that “sustainable mining

selection problem by decision makin ; :
models canpbe divided >i/nto two stages: gpractlces are those that promote this
) balance”(Laurence, 2011).

asgé?:?e:etedlw:?ﬁf;[:nr:néﬂ?eri:)enlatlve weight Osanloo (2012) is expressed that future
Stage 2 Selecting the most suitable MNING is going to be and must be a Green
haulage system with respect to all criteria. MNiNg as a pre-consideration practice of
fsustalnable mining. The principles of a

In this paper to calculate the weights o . L :
criteria, the Preference Voting System (PVS ustanable mining practice are Economy,
fficiency, Safety, Environment, and

was applied. The main difference betwee v S . X hould b
this PVS with those that proposed in ommunity. So mining engineers should be

previous research, is in procedure ofware of these principles and consider their

determining relative weight associated withrOIe in mine planning and design. One could

each ranking place. This PVS uses a Datiummarize the principles of green mining
Envelopment Analysis (DEA) model to into three main principles as given in Figure
determine the weights associated Witl‘fL (Iglss%nrloo’a%%m)l'\/lurck rovide  useful
ranking places, which maximizes the lower P

bound of relative score of each candidategmde"nes for mining companies seeking to

This approach decreases the subjectivity ifperate more sustainable.

determining weights of ranking places and
the results are more reliable (Nourali et al,
2012)
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Environment

Economy l‘ Society
\ YA /4

Sustainable
mining

Figure 1- Principles of sustainable mining

(Osanloo, 2012) Figure 2- Typical open pit mining costs by

. . ) _activity (Gregory, 2003)
They listed six recommendations that if

followed, “would help any mine improve the

sustainability of its industrial practices”:
1) Improved planning, 2) improved

environmental management, 3) cleaner

technology implementation, 4) increased

stakeholder involvement, 5) formation of

partnerships, and 6) improved training. Figure 3- Block flow diagram of truck and
According to mentioned viewpoints, oneshovel operation

aspect of mining activity is the sustainable

development and should be considered in In hard rock mines, truck and shovel

mine design to keep balance amongperation is still the most prevalent mining

economy, environment and society. method.
Since the 1940s, continuous mining and
3 MINE HAULAGE SYSTEMS haulage with bucket wheel excavators and

All mines require efficient equipment to conveyors has been the predominant method

move material in a cost and time effectivefor high capacity coal or lignite production

manner. As shown in figure 2, the haulag@&nd overburden removal in open pit soft-
cost is very significant in mining operation. rock mining.

Prior to World War I, rail haulage was the The bucket wheel excavator is favorable
principal type of transportation in large pits.connected to a belt conveyor system with or
Now, in most surface mines, the bulk of thewithout a mobile transfer —conveyor

mined material is transported from the mindntermediately installed or a cross pit

to the crusher by trucks (Hoppe, 1977). spreader transferring the r_naterial to the
Figure 3 shows a block flow diagram ofwaste dump or the raw material stockpile.
truck and shovel operation. In 1956, the first in-pit crusher (IPC) was

Over the past decades mining equipmerifstalled in a limestone quarry in Hover,
have steadily increased in size andVest Germany. The crusher enabled the
complexity. For instance, the 400-tonnequarry operator to take advantage of
trucks of today are about 10 times the size gfontinuous belt conveyor haulage and
the 35-tonne trucks of the 1950s. For evergliminated a problem of high-cost road
10 years during this period, there has been Qpnstructlon and maintenance in wet soft

50% increase in truck payload (Koehlerground, with resultant cost savings. .
2003). In-pit crusher systems have mobility

capabilities that range from fully mobile
units in continuous use to permanently fixed
units. Figure 4 show the material flow in
open pit mine based on in-pit crusher type.
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Different types of in-pit crushers based on  F- Semi-fixed Crusher

mobility are as follow (Hartman, 1992): A semi-fixed crusher is mounted on a

steel platform, which reduces the need for a
concrete foundation. Any planned relocation
would not be for less than 10 years.

3.1 Truck-Shovel Advantage and
Disadvantage

The truck is most widely transportation
Figure 4- Material flow in semi-mobile (a) system used in mining. The ease of use and

and mobile (b) crushers (Oraee et al, 2009) flexibility of this system, are important
reasons of using that system. Truck consume

A- Mobile crusher 60 percent of its energy to move itself

This type of crusher works at the minecompared to conveyor belt that use 20

face, is directly fed by an excavator, andPercent of its energy to move itself and 80

moves in unison with the excavator on it?€rcent of energy to move material.
own transport mechanism as mining't consume large amount of fuel at low speed

progresses as 10 km/h and 50 percent of times of
mining operation move empty.
B- Semi-mobile Crusher The advantages of combination of shovel-

. . : truck system are as below:
This unit works close to the mine face but xThe truck and shovel system is very

is moved less frequently than a mobile = g\ g adapt to new position

crusher. The transport mechanism may be & e ryck fleet can be kept small at the
permanent part of the crusher frame. begin of the mining and can be increase

C- Movable Crusher with the dipper the_plt develops .
xIncrease of production can be easily made

A movable crusher is centrally located in  py adding additional shovel and trucks
a mine near the same level as the minesySelective mining is possible

working face. It is relocated every 1 to 2 xQOperative in all type of rocks

years, as required, to maintain the pisadvantages of truck and shovel can be
relationship between distance and elevatiogxpressed as follows:

from the face. xDiscontinues material flow
xLarge fleet required

D- Portable Crusher xExtensive road preparation needed

This term is used in Europe for crushers xDependence on fuel cost
with temporary support foundations. The xLimited transportation distance (less than
crusher plant is moved in sections. In the 2 miles)
United States, this term refers to units thatxLimited road grade (less than 13%)
can be moved on a highway with a minimum
amount of dismantling. 4 THE EFFECTIVE PARAMETERS IN

HAULAGE SYSTEM SELECTION
E- Modular Crusher

. The selection of the type, size and operating
In a modular crusher, the crusher Statlog%()de of a haulage unit can be a complex

can be disassembled into modules an sk governed by a number of factors that

reassembled in a new location in about 3 ay be variable and defined depending on
days. Such moves normally would not b, mining condition.

made more than every three to five years. a0 are different effective parameters to
selecting mining equipment such age,
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shape and depth of deposit, mine productiomstallation time.Environmental; climate,
schedule, geology, material characteristicgyreenhouse gas emission, dust production,
blasting performance, climate, environmentland degradation, reclamation requirement.
capital cost, operating cost, maintenancesociat ground  vibration, accident
support, power costs versus fuel costgyrobability, No. of employmenEconomic
reliability, useful life, haul distance, operatoroperating and capital cost, power costs, fuel
requirement, life of mine, hardness andost, labour cost, maintenance cost,
abrasiveness of material. reliability.

The mentioned above parameters are used
by differelnt. reSﬁar(I:her to selectigg tBe5 PREFERENCE VOTING SYSTEM
proper mining haulage system, but .
considering the sustainable developme%l{' preference voting systems (PVS), each
concept, it seems that there are some oth¥Pter Selects m candidates from among n
factors such as greenhouse gas emissio ,DQGLGDWHV Q « P DQG UDC
accident probability, ground vibration, dustTiOSt 0 the least preferred. Each candidate
production, land degradation, Number of@Y réceive some votes in different ranking
employment and reclamation requirementplaces' The total score of each candidate is

that can be considered in equipmenfl® Wweighted sum of the votes he/she
receives in different places (Wang et al.,

selection. . ; )
By taking into account the fact that, the2007) thatis defined as follow:
mining production had an increasing trend z :,-leuW, i 1..n 1

through the years and average grade of
produced ore was decreasing in the same

years. This means that, high-grade ores af8nking placej(= 1... m) andy; be the vote
consumed and in order to produce a KnOwWRs ~andidatei being ranked in th¢" place.

amount of metal from a low-grade ore, onerpg girycture of PVS is shown in Table 1.
has to exploit a large volume of materials. | this structure, the winner is the one

Let w; be the importance weight gt"

X : ey issue of the preference aggregation in a
that, the mine size must be enlarged, an \yS is how top determine g?heg weights

here comes the time for Giant Mining i ith diff ki | ;

(Osanloo, 2012), the size of miningavs\;so.mated with different ranking places (i.e.
equipment will grow to achieve required ]Broda-KendaII (BK) method (Cook &

production rate and it means more fuel ess 1990) is a well-known approach to
consumption, labour requirement, roa dentify the weights.

construction and as a result, more Tpig approach assigns weights m-Im
environmental impact in mining activity. ., o~ 1 tog m ranking places from the

Therefore, it is important to havealong—termhighest ranking place to the lowest
vision in equipment selectlf?n. fl?ay'.ngrespectively. These weights are produced in
attention to SD concept, the e Iecuyea simple way, but their production process is
parameters in mining equipment selection, it ‘supjective. To reduce subjectivity in

can be divided Iin todfour groups, te‘l:hr?icalgenerating weights, Cook and Kress (1990)
economic, social and environmentalThe  pronoced” the application of  Data

tech_nica[ criteria are essen_tial factors i nvelopment Analysis (DEA) in this
engineering works and in order t0nplem  which considered candidates as
considering SD concept the parameters thaaision Making Units (DMUs). Their

are related d(;[o g ?nv(ljror}mental, ksoual_ aNGroposed model calculates weights for each
economic added to decision making Criteriac,ngigate that maximizes its total score.

The criteria for each group are as below:  thgreafter, the model is solved once for
Technical, production, geology, deposit achy candidate and the total score is
depth, haul distance, mine life, eq“'pme”Eomputed.
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Table 1- Structure of preference voting woth— 2
system hn Nm(m D
Ranking Places WhereN is the number of voters.

Py ‘. . | P Py Wang et al. (2007) proposed three models

Condidaes SN glraNKNg places to produce the weights, without the need to
andlaates | w W] Wi otal Scores SUHGHWHUPLQH DQ\ SDUDP'_
1 . .
Vote of each candidate in The.se. models are given as follows:
each ranking place Maximize L (4)
I m

Candidiate | V| ... v | oo | Vam 4 Y

: .

Sl e e ] : Subject to z : :"1\/“WJ t L i 1..n

I m

Candidiate | Vi | o | Vg | oo |V | 2 102V

w t2w, t...tmw, tO

I m

w1

Candidiate | " 22 e : :
andidiate | ) e | Vi | e | Vo Model (4) determines weights for all

candidates using a linear DEA model, which

The candidate with the highest total scordN@imizes the common lower bound of total

is considered as DEA efficient. This model Y FRUHV L H . Q DGGLWL
is shown below: weights is equal to 1.

o n Maximize L 5
Maximize z | vw, ) )
Subjectto | " v,w, dl i 1.0 Subjectto Ddz, :Tlvijwj g i L..n

woow, td(j, A ) 1..m 1 w t2w, t...tmw, tO
w, td(m, A Model (5) determines weights in a same

way, but the common upper bound of total

\C/I\./here. d ( )is rfeferr_ed _It_% as dal scores are equal to 1. In addition, there is no
iscrimination intensity function. This model onctint for sum of weights.

led to reduction of subjectivity, however - pm (6)
often more than one DEA efficient is derivedM@imize  z | 7,v;w,

from calculations. Therefore, Cook andSub.ectto W L2 Tt 10

Kress (1990) suggested maximizing the gap J * 2 Lo LMW,
between the weights so that only one Im 2
candidate is considered to be DEA efficient. RN

Green et al. (1996) utilized cross-efficiency podel (6) specifies weights for each
evaluation in DEA to select only one winnércangidate using a nonlinear DEA model that
candidate. Noguchi et al. (2002) used theénaximizes the total score of it. This model
same technique, but they suggested a stroRgould be solved for each candidate and
ordering constraint for weights, which iscandidate obtaining the highest total score

shown below: could be considered as the winner.

Maximize  z :'J_"lviiwi @) In this study, model (4) is used to
determine the weights associated with

Subjectto:mv..w. di i 1..n different ranking places due to its less

jait

computational effort.
W t2w, t... tmw,
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6 THE HIERARCHICAL Table 2- Structure of preference voting
PREFERENCE VOTING SYSTEM system for criteria

. Importance Levels
Proper haulage system can be considered a |7~ ‘ ‘ IL ‘ ‘ IL .
hierarchical structure, then it can be called § IWeigmsOfi;portancelefels g
hierarchical preference voting system & W, H W, ‘ ‘ w, Total Scores | =

(HPVS) (Figure 5). The figure includeg Vors of each ciiterion i ead
objective of the problem in the upper level, ranking place

m criteria in the intermediate level amd | C, | Vi || Vi || Vip [ TG 7w | W
decision alternatives in the lower level.
Ci |V Vi [ Ve [ TG v | W
Co | Via | | Vo | | Vip | TG ] 0 Vot W,

Where TG is the total score obtained by
criterion . Using these scores, it is possible
to rank the criteria. After normalizing these

Figure 5- Hierarchical structure of problem scores, the weights associated with each
criterion () could be calculated.

7 RANKING CRITERIA AND

CALCULATING THEIR RELATIVE 8 CASE STUDY ,

WEIGHTS In this studg, the selection of proper haulage
system of Sarcheshmeh copper mine in Iran

The preference voting system was used tyas done by PVS method.

calculate relative weight of each criterion. _Sarc_:heihmih is a 'F?fge_ openf Fl’it coprEJer
Applying group decision making in methodsm'neh'nk;[ e h ecr:man rgvmcel or. ra;’\, t ed
that mentioned in literature, requires mucfarc eshmeh Copper Complex Is locate

computational effort, while PVS needs les$2 km southwest of Kerman and 50 km
calculations. The structure of PVS forSouth of Rafsanjan. Production units of
criteria is shown in Table 2. Sarcheshmeh Copper Complex involves the

To characterize the relative importance ofnin€ itself, concentrator, smelter, refinery,
each criterion, a set of importance leveldoundries and leaching. .
were defined as ranking placest {, ..., IL, The deposit is known as a typical
I}, whereILy, ..., Iy, ..., IL, represent POTPhyry copper deposit with respect to
the importance from the most to the least an@!tération types, mineralization style, ore
p is the number of importance levels. Th rade and size, tectonic setting, and igneous
decision makers were asked, from differenfOCK features (Waterman & Hamilton, 1975).
domains to assess criteria fnimportance !N the development plan of Sarcheshmeh
levels. vys are the numbers of the decisior'gOpper mine, the mine depth will reaches to

makers who assess criterion (C) in h37|'5 mde_ter at 2.362'5 hlevel. A\k/era%e
importance levelL, (k =1, ..., p. aulage distance will reach to 4.5 km, by

Let we be the weights associated Withincreasing the depth of the mine.
. . leveldL, (k = 1 Usi To select the suitable haulage system for
importance leveldl, (k =1, ... D. USINg  gehashmeh copper mine, among  the
model (4) we calculated weights for each,nsgihle methods, three methods  were
importance level. The total score of eachgentified as the most appropriate methods.
criterion could be obtained by following These methods are truck & shovel,
equation: combination of truck-shovel & in-pit crusher

o R
TC, :lemka @) and shovel & mobile in-pit crusher.
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Surveying the related research in this field Table 3 consists of the first part of a
and take into account SD concept, 21 criteriguestionnaire that some experts were asked
were considered effective parameter and ate rank the importance level of each
listed in table 3. criterion.

Table 3- Preference voting for criteria related to their importanedslewnd weights obtained
at the first stage of HPVS

Weights of importance levels
0.54 0.27
o 5 3 0.182 0 Total score Normalized
Criteria )
Importance levels fo_r egch Welght f(_)r each
criterion criterion
Very Importa Not very Not
Importa nt Important | Importa
Vote of each criterion in each importanc|
Production 4 1 0 0 2.453 0.080291971
Geology 2 2 1 0 1.818 0.059507054
Deposit Depth 3 2 0 0 2.181 0.071388825
Haul Distance 3 2 0 0 2.181 0.071388825
Mine Life 1 1 3 0 1.364 0.044646656)
Installation Time 0 3 2 0 1.183 0.038722137
Capital Cost 2 3 0 0 1.909 0.06248568
Power Costs 1 2 2 0 1.455 0.047625282
Fuel Cost 0 3 2 0 1.183 0.038722137
Labour Cost 1 3 1 0 1.546 0.050603908
Maintenance Cost 1 3 1 0 1.546 0.050603908|
Reliability 0 2 3 0 1.092 0.035743511
Ground Vibration 0 0 4 1 0.728 0.023829007|
Accident Probability 1 0 4 0 1.273 0.041668031
No. of employment 0 0 5 0 0.91 0.029786259
Climate 0 1 3 1 0.819 0.026807633
Greenhouse Gas 1 2 1 1 1.273 0.041668031
Dust Production 0 3 1 1 1.001 0.032764885|
Land Degradation 0 3 1 1 1.001 0.032764885|
Reclamation Requirement 1 1 2 1 1.182 0.038689405|
Flexibility 4 1 0 0 2.453 0.080291971

It is clear that the votes in the last(4) was applied to produce weights of
importance level (i.e. Not Important) shouldranking places. An example of this
not influence the total score of eachprocedure for capital cost criterion can be
criterion. found in Table 4.

Therefore, the weight of this importance
level is equal to zero and model (4) based omable 4- Preference voting for alternatives
three importance levels was applied. with respect to "capital cost" criterion at the

The next step in this method is tosecond stage of HPVS
calculate the score and normalized weight of

each criterion according to previous sectior. Weight of Criterion

In the last step, a preference voting among 0.062
decision makers was conducted about the Alternatives Weights of Ranking Places | Score
priorities of alternatives over each other with 0545] 0.273] 0.182] 0
respect to each criterion. In addition, model Vote of each alternative in each
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ranking place to their scores (Table 6). According to the

Truck & Shovel | 4 0 1 4| 91| result, the combination of truck-shovel & in-

4 5o pit crusher was selected as the most suitable

T&S+IPC&C 1 2 2 1, haulage system from the perspective of all
S + Mobile o ) 5 . 0o | decision makers. The score of each system
IPC&C 6 are as below:

In addition, scores of each alternative with Truck & Shovel: 1.685 (3Rank) t
respect to each criterion are shown in TableTruck & Shovel + IPC&C2.048 (£'Rank)
5. Finally, ultimate scores of alternatives Shovel & IPC&C: 1.826 (Z Rank).
were calculated and ranked them according

Table 5- Scores of alternatives with respect to criteria

—_Significance level Truck Truck & Shovel +

Criteria & Shovel Shovel + Mobile
IPC&C IPC&C

Production 0.1969 0.1751167, 0.145970
Geology 0.1027 0.1297848 0.124369
Deposit Depth 0.1038 0.1556990 0.129784
Haul Distance 0.0779 0.1556990 0.175116
Mine Life 0.0528 0.0933115 0.089248
Installation Time 0.0914 0.0598644  0.042284
Capital Cost 0.1305 0.1135989 0.068234
Power Costs 0.0649 0.0865827 0.086582
Fuel Cost 0.0492 0.0528557 0.080929
Labor Cost 0.1012 0.1518117  0.151811
Maintenance Cost 0.0690 0.0919979 0.091997
Reliability 0.0844 0.0779565 0.048754
Ground Vibration 0.0238 0.0519710 0.049802
Accident Probability 0.0568 0.0682105 0.064418
No. of Employment 0.0406 0.0460495 0.046049
Climate 0.0365 0.0584674  0.056027|
Greenhouse Gas 0.0530 0.0682105 0.087086
Dust Production 0.0417 0.0536361] 0.050654
Land Degradation 0.0357 0.0536361] 0.068478
Reclamation 0.0527 0.0843815  0.094905
Flexibility 0.2187 0.2187956 0.073065

Table 6- Scores of alternatives and ranking

Alternatives Ultimate Score Ranking
Truck & Shovel 1.685320284 3
Truck & Shovel + IPCC* 2.047637982 1
Shovel + Mobile IPCC 1.825574646 2

generation should be concerned about the
9 CONCLUSION life condition of posterity. By increasing the

The sustainable development term has beév?v'}i’l?"gg nqgfglf;:nnh g\‘: ;:]'Qeig %?quvwl?t'%n
entered to the lexicon of industrial policy 9

makers to provide proper life condition ford'pper’ so to achieve the required raw

the next generation. It means that the curreffaterial more mining activity and larger
mines are unavoidable. In this study, in order
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An Approachto Determinethe Location of anIn Pit Crushelin
Open Pit Mines

M. Rahmanpour, M. Osanloo, N. Adibee
Amirkabir University of Technology (Tehran Polytechni&hi&n, Iran

ABSTRACT Transportation costs have always been a significamt pf capital and
operating costs of large open pit mines. In pit crushimdjconveying system is going to be a
significant part of future mining activities. Its cost effiecy and high reliability compared to
conventional truck-shovel system makes it more appgadi be utilized in mining industry.
In this paper suitable location of an in pit crusheiniestigated, and it is formulated as a
single hub location problem. In selecting the optimarit crusher location, two factors are
considered. First, the overall haulage cost as a funofidistance is minimized, and second,
the selected location is chosen such that it idoagted inside the mining area, and crusher
site is fixed through a period of at least one year. i&ppbn of single hub problem is quite
effective in determining the location of the in pit crusher.

1 INTRODUCTION one year. This will reduce the number

PR ; ; f times that the crushing unit is
Open pit mining is a large operation of 0
excavation, within which considerable mQVetdil Stf.o' th(_a"ct))vera(IjI CO‘:‘; of crusher
amount of material should be extracted and _ 'éinstaliaion wilfbe reauced.

removed out of the mining train. An open pit_ 1€ Problem of selecting an optimal
mine is consisted of pit or pits (where the or ocation for in pit crushing system is studied

and waste rock is extracted), mill, wast y a number of authors including Roberstson
dumps, and stockpile. The material insidé1984)’ Sturgul (1986), and Konak et. al

the pit is excavated and loaded to th 2007). Optimization of a crusher location
nd haulage distances are first introduced by

haulage system and according to materiﬁ
type; they transferred to the predefinedioPerstson (1984). Konak et. al (2007)

location. discussed the effects of pit geometry and

In recent years, application of in pit MNE access requirements on optimum
crushing and coﬁveying systems s offusher location selection that are mainly
interest in open pit mines. Apart frombased on the establishment of minimum
choosing a suitable type of crushing andraulage distance. They established a trial

conveying system for the mines, the locatiortd €rror process and applied their method

- n an aggregate mine.
of the system should also be optimized td In the present paper the problem of

reduce the mine operating costs. A suitable

location for an in pit crusher should have th«%"%cfmn% In pit tc):lrush%rsf IS descrlbedd ast a
following conditions: ub-location problem. Before proceeding to

aIn pit crushing unit should be in an the problem of locating the in pit crusher,

optimum distance from each working différent types of haulage systems in surface
face. mines is investigated.

b.It would be better if the location of the
crusher be fixed at least for a period of
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2 HAULAGE SYSTEMS IN OPEN PIT transportation costs is a major part of each
MINES operating mine. Transportation costs have
The material inside the pit is excavated an@lV\éarlgﬁnkéeigsetlssgfn:g(rzggtoppaga orf)itc ?]E)ilrgilsz_ir;g
loaded to the haulag_e system and accordlr}éures 2 and 3, typical open pit mine capital
to type of the material (ore or waste) they,ny onerating cost distributions for a large
transferred to the predefined location (m'."deep mine using a conventional shovel-
or waste dumps respectively). The main,c are shown. According to these figures,
haulage systems in open pit mines are (}j, jage costs are almost above 45% of
Trucks, (2) Conveyor, (3) Rail, and (4) Rope€yerating costs in the life of a mine and it is
way. _— ._about 40-50% of capital costs (Tutton and
As it is shown in Figure 1, based on minégyacy  2009). In open pit metal and
condition, haulage distance and mining rate, nmetal mines, the cost of transporting
each of these transportation systems could hiaterials out of the pit constitutes roughly
applied to the mine (Osanloo, 2010). 60% of the operating cost of mining
(Hartman, 1992).

Figure 2. Capital cost distribution in large

Figure 1. Selection of haulage system in P
open pit mines (Osanloo, 2010) open pit mines (Tutton and Streck, 2009)

The most important factor in selection of
mine equipment is unit operation. The unit
operation or operating system in open pit
mines can be one of the following
alternatives (Guderley, 1983):
a) Conventional operation: in which a
shovel-truck system is used and the
primary crushing unit is near the
mineral processing plant. Figure 3. Typical operating cost distribution
b) Semi mobile operation: this allows for j, jarge open pit mines (Tutton and Streck,
using a primary crushing unit inside theZOOQ)
pit together with a shovel-truck system,
and the material is transported by The major cost factors in a shovel-truck
conveyor to the processing plant. system are fuel, equipment and spare parts
¢) Full mobile operation: a combination of o5gts  tires and labor costs (Tutton and
shovel ~and mobile — crusher is gyeck 2009). Li and Knights (2009) used
implemented and the material iSthe concept of real option in dump truck
transported by conveyor to the materia ispatching and short term planning.
preparation plant. According to their method, during high fuel

Each of the above unit operations has it?rice periods, it is better to transport waste
own cost structure, but it should be said tha
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material to the nearby dumps and vice versa. @ a truck moves empty in 50% of its
This strategy may not be applicable in long working hours per shift.
term planning. The fluctuations in fuel and
equipment price, labor shortages and the The other option is to use conveyor
increasing need of moving large volume ofsystem incorporating with an in pit crusher
material in mining operations, emphasis théo continue a cost effective operation in
need and importance of in-pit crushing andvhich a combination of shovel, truck, in pit
conveying systems in large open pit mines asrusher and conveyor is used. This
a long term option (Atchison and Morrison,alternative has the advantages of both the
2011). An in-pit crushing and conveyingother two methods (pure truck-shovel and
system must satisfy two competing criteria irfull mobile operation systems). As indicated
order to be the most appropriate selection foearlier in semi mobile operation system the
an operation in deep open pit mines: (1) benaterial is transported using a conveyor.
physically able to excavate and deliver Open pit mines with longer transportation
material to some form of out-of-pit system atdistance requires more numbers of trucks. A
the required capacity, and (2) be acceptablgeeper, larger pit normally requires more
cost-effective during both the capital andcapital for additional trucks relative to
operating phases of the operation. extending a conveyor system (Hartman,
On the other hand, trucks are well suited992). The longer the life of the project, the
to short hauls (less than 3 miles according tmore economical the conveyor system,
figure 1) and selective mining and dumpingespecially in deep pits or pits that gradually
As the mines deepen, the haulage distandgecrease in depth. Thus, taking into account
increases so the required time of haulagthe necessity of purchasing additional trucks
will increase. The number of loads by truckto accommodate increasingly difficult
will decrease as a result the cycle time wilhaulage routes and to replace trucks as they
increases. To overcome this problemwear out, conveyor systems will actually
sometimes the capacity of haulage systemequire lower capital costs over the life of a
may be increased. Here one can name a fewine. Conveyor systems handling ore in
disadvantages of pure truck- shovel system:numerous large crushing and port facilities
A.increase of mine depth will increasehave clearly demonstrated a useful conveyor
the haulage distance, life of more than 25 years. In contrast, off-
B. increase of haulage distance requirehighway trucks have life spans of six to
an increase in the number of trucks, eight years (Hartman, 1992). Studies show
C.the initial capital cost of truck is that, semi mobile and full mobile operation
getting higher and higher due tocan save costs up to 40% and this is
improvements on its break, tire, andconsiderable comparing the amount of
capacity. Trucks with 360 tons of material transported in open pit mining
payload cost more than 3 million US$. (Guderley, 1983). In case of availability, the
D.as the number of trucks increasesavailability of conveyors is 95% and for the
traffic in the mine, will be an mobile crusher/conveyor system is more
important problem that requiresthan 85% which is far better than truck

efficient management, operations (Guderley, 1983).
E.cost of maintenance, repair and When one decides to apply a semi mobile
operation will become higher, operation in a mine, the main problem that

F. number of mine labor force will arises is the decision on location of an in pit
increase, and requires morecrushing unit. In this paper the problem of
supervision, locating an in pit crusher in open pit mines is

G. more trucks is required in pure Truck-described as a hub-locating problem.

Shovel system,

H. a truck consume 60% of its energy to

move itself, and
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3 HUB-LOCATION PROBLEM hub networks, instead of servicing each

One of the new topics in location problemsSpOke directly, hub facilities concentrate
is the hub location problem. The first papef!©WS i orfder Ito Fltake . advantagtla( of
on hub location problem was published byPCONOMIES OF SCale. Fows 1rom a Spoke are

P ; ransported to the hub, and are combined
;82”2230:?Igc%miu%gﬁggaigﬂ Itp\pcl)ﬁe?nn tirr]]etwith flows that have different origins but the

airlines and airports. A comprehensivesame destination. This fact will reduce the

; tal cost of transportation.
survey on hub location models and problemg0 .
can be found in Alumur and Kara 2008. In multi hub networks, the hub nodes are

then there are N(N-1) origin-destination .
pairs of nodes in the network. Notice that thdHekmatfar and Pishvaee, 2009).
pair i-j is different from the j-i pair. Figure 4

shows a network with six nodes (Daskin,

1995). Assume that in this network each

vehicle could service five origin-destination

pairs every day, and then with six vehicles,

six nodes could be serviced every day.

Figure 6. Example of a 2-hub network

In multi hub networks the assumption is
that, the hubs are connected through low
cost and high capacity pathways which
causes a discount on the transportation costs

Figure 4. A fully connected network (6 between a given hub pair (Naeem, 2009).
nodes and 30 origin-destination pairs) The advantage of using hubs is the gain of
economic profits by establishing more
If one of these nodes is set akub node qualitative paths between the hubs. It should
and then connect it to all of the other node$e noted that, increasing transportation
(which are calledspoke, then there will be capacity could decrease transportation costs.
2(N-1) connections to service all the spoke©n the other hand, increase of transportation
via a hub node (Hekmatfar and Pishvaeesapacity is not possible on every path,
2009). This network is presented in figure Soecause traffic of the path will become an
and nodeA is supposed to be the hub node. important issue in this case. Introducing hub
nodes can effectively solve this problem. It
means that not only transportation capacity
increases, but also there is a low traffic
problem as compared to the situation where
there is not a hub node. Alumur et. al (2012)
studied the hub location problem in the
presence of uncertainty about the set-up

L . . . costs for the hubs and the demands to be
Again, if each vehicle could service f'Vetransported between the spokes.

origin-destination pairs every day, then in

this network, with six vehicles, 16 spokes

could be serviced every day. Thus, with & MATHEMATICAL MODEL OF HUB-
fixed transportation capacity, it is possible tg-OCATION PROBLEM

service more spokes within a hub network The hub-location problem involves

than within a fully connected network. Inlocating facilities and hub (or hubs) in a

Figure 5. A hub and spoke network
(6 nodes with 6 origin-destination pairs)
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network and allocating spokes to the hub (otake account the effect of these cost on
hubs). In a hub network, a hub serves evergverall costs, then the objective function can
origin-destination pairs with a direct link, be rewritten as equation 7.
and provides service via smaller set of links | |, f o c

between the spokes and the hubs. So thej 11, '« =i ik %
objective in a hub location problem is to

minimize total cost of transportation (as a ! ! C,y, Py Al G St Zoe
function of distance) between hubs, facilities ™ & b KO
and destination nodes (demands). L1 cyy, ouf in

There are multiple (Fig.6) and single (Fig. b

5) versions of hub location problems. IMwhere out is the total out flow of node i,

single hub location problems, eachynqi, " is the total inflow of node i.
destination or demand point must be ‘

allocated to be linked to one hub. All flows
to and from each demand point travel via the
same hub node. In multiple hub-location ] ] ]
problems, each demand point could bé&Vhere in equation 7R  is the cost of
allocated to be linked to more than one huemoving and reinstalling the hub located at
Location of an in pit crusher can be modelediode k. In the next section the procedure of
as a single hub location problem. ThesSelecting the optimal in pit crusher location

general form of a single hub problem is ads Prescribed.

- 1
Min@ 1 Cyy; out in | HR = ~08e
[ Kk

[4

follow
Min : :: f, C, Cy ¥ % i 5 IN F’IT CR.USHER LOCATION o
Pk In this section a method to optimize the
Subject ta location of an in pit crusher (IPC), is
I'H, 1 ~. introduced. As open pit mines deepens, the
! haulage distance increases. Deep open pit
y, H, do, i,] ~je mines or those open pits with longer haulage

. distances, require more numbers of trucks

Hj Oorl | ~08°* (or larger trucks) to produce a constant
y; Oorl, i, ~fe+ amount of material. It should be noted that,

) ) increasing the numbers of trucks or
In this modelf, is the demand or flow ransportation capacity could decrease costs,
between node i and Ic; is the unit cost of pyt jncreasing the capacity may not possible
flow between nodes i and j. H; is equal t0 o every path. As the transportation capacity

1, it means to locate a hub at nodeyj.  jncreases, the traffic of the path will become
shows that node i is connected to hulynimportant issue.

located at node j. Equation 1 is the objective |ntroducing an in pit crushing and

function and it minimizes the total costconyeying system as a hub node, can
associated with the transport through th@ffectively solve the problem. Introducing a
hub. Equation 2 ensures that only one nodgp node, not only increases transportation
to be allocated as the hub node. Equation Gapacity, but also it lowers the traffic

ensures that node i cannot be connected Btoblems. On the other hand, in case of
hub at node j unless we locate the hub &{pplying an in pit crushing and conveying

node j. Constraints in 4 and 5 are integritysysiem, large pits normally require less
constraints of the model. _capital for extending the conveyor system
__The linear form of the objective function rejative to purchasing additional trucks in

in equation 1 can be rewritten as equation Gyyre  truck-shovel ~ systems.  Besides,

This linear form of the problem can now bejnstalling a conveyor system in a long life
solved easily. The installing cost of the hulinining ~ project ‘appears to be more

can also be added to the model in order to
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economical. As described before, thegiven in figure 8. The unit operation in this
location of an in pit crusher should have theexample is supposed to be semi mobile

following conditions: operation. This type of operation requires a
1.1t should be within an optimum distancenumber of shovels, trucks and an in pit
from each working face. crushing and conveying unit. Suppose that

This will reduces the total distancethere are 3 working faces in a mine and they
between the crusher and the working facesnust be mined according to the mine annual
so, the system will require less number oplan. Each working face has a known
trucks in the faces. Hence the capital andmount of material to be mined according to
operational cost of truck fleet reduces. Théhe mine schedule. This fact causes the hub
optimum distance from each working facelocation to be near the larger working faces
should consider the total amount of materiavhich contains considerable amount of ore
that must be mined from each working facgor waste) compared to the other faces.
according to the mine production plan. This
item brings the IPC location to the center of
gravity of working faces.

2. The location of the crusher must be fixed

at least for a period of one year.

The optimum location of an IPC must be
fixed for a period of time. Because working
faces are dynamic and the pit shape changes
through time, therefore, in determining a
location for an IPC, the mine plan and
working schedule should be taken into
account. A suitable location would be the
one which is not inside the mine working
area at least for a period of one year. If thigigure 7. Steps required to find an optimum
point is not considered then the number ofocation for the in pit crusher
times that the crushing facilities is removed
and reinstalled will increase. With respect to
the fact that removing and reinstalling of the
crusher unit requires time and it is costly,
these operations could disturb the mine
production schedule. This problem is more
considerable in semi mobile operations. In
case of mobile operations, mine production
will not stop because of crushing facilities
reinstallation.

Based on the above discussion, one
should identify the possible locations for the
IPC taking into account that these locationg-igure 8. Shape of a hypothetical open pit
will not be mined during the next year. Thenand its working faces
these locations are assumed as the potential
hub nodes. Finally applying and solving the In Figure 8, C1 and C2 represent the
single hub location problem, one couldcandidate crusher locations and working
optimize the location of the in pit crusher.faces are represented by F1, F2, and F3.
These steps are given in Figure 7. Considering the mine plan, there are 2 sites

Here comes a simplified example to showvhich are not inside the working area of the
the application of single hub problem inmine (C1 and C2 in Fig. 8). One could take
determining the IPC location. Suppose thathe advantage of decision making techniques
the geometry of the pit as equal to the on& select and rank the candidate location of
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IPC unit, but this is not within the scope ofIPC&C location is depicted in figure 7. In
this paper. These 2 sites are the candidatélsis section this method is applied to
for IPC location. If one of the elected sitesdetermine the optimum location of an
for in pit crushing unit location, is inside the IPC&C in Sarcheshmeh copper mine (SCM).
mine schedule and it must be mined, then the Sarcheshmeh (figure 10) is the largest
cost of removing and reinstalling thecopper complex located in 160km southwest
facilities placed on that particular site musiof Kerman in Iran (NICICO, 2013).

also be included in the objective function.
The structure of the corresponding hub
network for this example is given in figure 9.

Figure 9. Hub network of the problem given
in Fig. 8 Figure 10. Location of Sarcheshmeh copper
complex in Iran
In figure 9, C1 and C2 represent the
candidate crusher locations and working According to mining schedule of SCM
faces are represented by F1, F2, and F3 affiig. 11), about 380 million tons of waste
the final destination is shown by the mill will be mined within the next 10 years. The
node. Edges connecting the nodes to the hugined waste material will be sent to two
node have their own costs and the cost varie¥aste dumps located in the northwest and
on each direction (in this case the hub nodgortheast of the open pit. Sarcheshmeh will
is the location of the IPC). In other word,produce approximately 40 million tons of
trucks transport the material to the crushewaste rock per annum from the open pit.
and travel back to the working face emptyBased on the assessment and comparison of
and this effects the cost of travel betweefossible waste handling methods, it is
nodes. certain that the in-pit crushing/conveying
After identifying the candidate sites, andmethod is the more economic method in
constructing the represented network of th&CM than the trucking option. In this mine,
problem, the mathematical model can béhe Mineral Sizer is the suggested crushing
solved as an integer programming problemunit for the waste handling system (SRK
The result of the model indicates that whichConsulting, 2011). The type of the crushing
candidate site has been selected as th@itis determined for SCM, but the optimum
location for the IPC. This procedure islocation of this unit is not studied yet.
applied in Sarcheshmeh copper mine to
determine the optimum location of an in pit
crushing and conveying unit.

6 CASE STUDY

In this paper the problem of allocating an in

pit crushing and conveying systems . )

(IPC&C) is modeled as a single hub locatingFigure 11. Mining schedule in SCM and the
problem. The procedure of determining thesandidate locations of IPC&C unit
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Considering the procedure depicted imnschedule of Sarcheshmeh, the location C2
figure 7, the candidate locations of the in piwill not be mined until the next 5 years.
crushing and conveying unit is assumed tdherefore, on the year 2018, a new location
be on locations C1, C2, C3, and C4 as showfor the IPC&C unit must be determined.
in figure 11. The corresponding hub network

of the problem is given in figure 12. 7 DISCUSSIONS AND CONCLUSION

IPC&C system is going to play a significant
role in transportation system of future open
pit mines. Crushing and conveying systems
are more reliable and cost effective
compared to truck-shovel systems, hence
these systems by decreasing costs can be an
effective value driver for deep mines. The
advantages of in pit crushing and conveying
of materials are as follow:

- less truck requirements,

- less haulage consumable requirements
(tires, fuel, lubricants, spare parts),

- less earthworks requirements in order
to excavate trenches for the conveyer
instead of road building,

- lower operating costs during mine life,

Figure 12. The hub network for SCM - better availability and utilization, and
- less maintenance for the hole system.

In figure 12, W1 and W2 represent the In this paper the problem of locating an
waste dumps located in the northeast anP’C&C system in open pit mines is
northwest of the open p|t’ respective|y_|nveS.tlgated and formulate(_j as a Slng_le hub
Considering figure 12, the mathematicalocating problem. In selecting the optimum
model of locating the IPC&C unit in SCM is IPC location, two factors are considered. (1)
developed as a single hub locating problemihe overall haulage cost as a function of
similar to the equations 2-5 and 7. distance is minimized, and (2) the selected

The unit cost of operation on every path isite is chosen such that it is not inside the
calculated based on the shortest patfine plan. _ _
between the face and the IPC&C unit. It The proposed method is applied to
means that, the unit cost of operation is &etermine the optimum location of the in pit
function of distance between the face and therushing —and  conveying system in
IPC&C unit. Using the unit cost of operation Sarcheshmeh copper mine. It is also assumed
and the amount of material that must bdhat there is only one IPC&C unit for which
transported on every path, the mathematicdhe optimum location must be determined. In
model could be developed for the case ofases of using multiple IPC&C units in a
SCM. mine, hub location problem can be applied

Based on the preliminary results, theas Well. The preliminary studies showed that,
optimum place of the IPC&C unit is the hub locating problem could be used to
determined to be on location C2 and thdletermine the location of the IPC&C
waste material should be transported to th8ystems in large open pit mines. Based on
dump W2. The W2 dump is the waste dumghe method, C2 is selected for locating the in
which is located in northwest of the pit andPit crushing unit and W2 is the selected
C2 (the location of the IPC unit) is locateddestination for waste material handling by
on the 9th bench of the mine and it is neafOnNveyer.
the pit exit. According to the mining
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In — Pit Crushing and Conveyin@PCC) An Optionto Transport
on Mining That Is Coast Lowering and Sustainable

T. Santos, J. Miranda
Universidade Federal de Ouro Preto, Ouro Preto, HBraz

ABSTRACT Aiming to work sustainably, mining companies all arduhe world search for
ways to minimize the impacts of mining on the envinent. Ore transportation by trucks is
becoming one of the major causes of environmental itapdae to the fact that it creates a
considerable amount of waste, such as tires and exeessirbon emissions on the
atmosphere. Beyond the environmental issue, the truckpatation method presents high
operational and maintenance costs. Thus, as an altertatthis transport model, emerged
on the decade of 1940 the possibility of carrying osesdmveyor belts and on the decade of
1950 emerged the first mobile crusher, which form togethsyséem called IPCC. This
proposition for transport is becoming a trend on the mgirdector. That because the main
issue became a factor of economy and viability of neterprises along with the principles
of sustainability.

1 INTRODUCTION obligations of recovering the degraded
environment, according to the technical
Mining emerged in Brazil in the XVIII solution required by the responsible public
century, when Portuguese expeditionsagency (Constituicdo, 1988) With the
called entradas e bandeirasentered the regulation of mining exploration, nowadays
interior of the country searching for precioushe companies do not care only about the
metals. At that time, mining was predatory.production levels, but also about minimizing
Mining was executed without caring forthe environmental degradation. In the course
environment issues and the main goal was tef time, themining sector’svision has been
bring richness to the Portuguese Crown. Pasuffering positive transformations, as
the colonial period, mining activities highlighted Farias, “mining is one of the
continued to happen without any concern fopasic sectors of Brazil's economy. It
the damage caused to the environment.  contributes decisively to the welfare and
The first time the damage mining couldquality of life improvement of present and
cause to the environment was discussed ifliture generations. It is crucial to the
1988 with the creation of the Constitution ofdevelopment of an equitable society,
the Federative Republic of Brazil. Accordingprovided it is operated with social
to the Federal Constitution, in its article 225responsibility, and the principles of
subsection IV and paragraph 2, are providedustainable development always present
respectively, the requirement of previous'(Farias, 2002).
study of environmental impact for the Mining operations consist generally of
implementation of works or potentially dismantling, loading and transportation.
harmful activities, besides theminer's Among these operations, transportation of
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ore is a big environmental problem to someit crushing and conveying. Articles and
mining companies. In conventional mining,theses were selected, based on the theme.
the transportation is discontinuous, that is,

done by trucksThis transportation method 3 p|SCUSSIONS

has advantages such as high mobility. o )
However, the damage to the environment i§? the beginning of the 1940s studies of
meaningful, such as the generation of 0i|yalternat_|\(es to ore transportation by trucks
waste, tires and scrap, besides the generatid{ere initiated because it was respons[bl'e for
of carbon dioxide due to the burning ofmore than half the costs of mining.
fossil fuels and the need of vegetationfccording toTrueman 52% of the activities
removal for road building. Figure 1 showsCoSt in a mine that operates by the

the conventional extraction method cycle. conventional ~ method belong to ore
transportation by trucks (Trueman, 2001).

This cost distribution is shown on Figure 2.

Figure 1: Conventional extraction method
cycle.

Besides all these issues regarding thEi9ureé 2: Cost of mining conventional

environment, discontinuous transportation ignethed

expensive, because the trucks operate empt . :
P P P yThe alternative found to ore transportation

continuous conveyors emerged. And thesBY {rucks was the use of conveyors. The ore
proved to be far less injurious to the!S Subjected to dismantling, loaded by
environment. Ioad_ers and released on a conveyor .belt that
In this article, the objective is discussingCTies the ore to the plant for crushing and
an alternative transportation system to théurtherf processmgt.) Ilzorhbetégr ch003|hng tEe
trucks. This transportation system consists g¥P€ ©f conveyor belt, the distance that the
belt conveyors and mobile crushers, whictP€!t has to beat, the type of material and the

together form a system called IPCC, als¢evel difference between loading and
known as continuous transportation. unloading are taken into account. In the
mineral production bulk commodities

transportation is the object of great attention

2 METHODOLOGY because of its influence on the operating and
The following databases were consultedmaintenance costs and the concerns about

Portal de Periddicos Capes Scientific safety and the environment. The conveyor
Electronic Library Online (Scielo), thesesbelts are presented as a means of
from the Universidade Federal de Ouro transportation suitable for a wide variety of
Preta. The following key words were used: applications, for its security, reliability and
mining, conveyor belt, mobile crusher, n low implementation and operation cost

(Calijome, 2011).
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Accordinﬂ toLopes the biggest costs of decrease of operating costs. With the

gg?vi\?egenvgtismg?]m/neggn dbﬁ)'? y r?ée Tﬂi(\a/igggtincreasing demand for higher productivity
of loading are meaningful because the Pd lower operating cos_ts,ar?romt/)lng r;_umbefr
encompass two operating activities: loading! Ccompanies recognize the benefits o
and transportation of the material from themobile crushing. A mobile crusher is shown
mine to the belts both performed by then Figure 4.

loaders. The transport bf; conveyor belts

represents only 9% of the costs in thig
mining method (Lopes, 2010).

Since the decade of 1960, some Brazilia
mining companies are employing this means
of transportation, which offers several
advantages, such as: the ability to beat up to
30% slopes, lower operating cost than th¢
conventional minin method  with
transportation by trucks, low maintenance
cost, significant reduction of occupational
accidents and mainly reduction of carbor
dioxide, dust and noise emission. Figure 3
shows a conveyor belt fro@ermanoMine.
It belongs to a company calleBamarco
Mineracaa

=3

D

Figure 4: Mobile crusher fed by a loader.

The junction of a mobile crusher with a
conveyor belt form a system called In-Pit
Crushing and Conveying. Currently, the
most advanced transportation method is the
self-propelled crushing system. It consists of
self-propelled equipment which moves
through belts. The ore is removed by
excavators, fragmented in a mobile crusher
and propelled to the conveyor belt without
the need of the loaders loading the ore at the
conveyor. This system is shown in Figure 5.

Figure 3: Conveyor belt fromGermano
Mine.

Around the decade of 1950, the mobile
crushing system emerged. This system i
characterized by the crushing taking placq
inside a pit. According t&chrdder in 1953
the Thyssenkruppbuilt the first mobile
crusher, which was used in lime extraction
on a mine in Germanysghroder, 2003)

With the creation of these mobile
crushers, after the dismantling, the ore began
being comminuted still in the pit, loaded by . ;
loaders up to the conveyor belt to be sen{,:Igure 5: Self-propelled crushing system.
either to the processing plant, either to direct
dispatch to clients. This brought a furtherA

U7

Lopes conducted a study in a mine called
legria to Samarco Mineracadn the region
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of Mariana / Minas Gerais This study highlight the recovery of energy generated
aimed to compare the operating costs, thBy the descending carrier. Thus the small
carbon dioxide emissions and the energyining became self sufficient in energy
consumption using three different types ofecause that recovery is sufficient to keep
ore transport. The means of transportatiothe whole system functioning. According to
used in this comparison were: the traditionalToshihiko Ohashi despite being a small
by trucks (Alternative 1), by the conveyeroperation, the project proved to be an
system (Alternative 2) and the one withintelligent solution that could be applied in
mobile crushing (Alternative 3). In the large-scale in Brazilian mining, with good
method that uses mobile crushing, onceesults (Minérios e minerales, 2011).
fragmented, the ore goes to mobile Several companies around the world
conveyors, configuring the in-pit, self- invested and still invest in a system of in-pit
propelled system. As a result of researchmobile crushing and subsequent transport by
Lopesconcluded that the use of fossil fuelbelt (IPCC). Besides the reducing costs, the
for transported ore was 3.25 and 2.06 timegse of this system has been highlighted for
higher in the alternatives 1 and 2,being the method of transportation that less
respectively, in relation to the third degrades the environment.
alternative. Concerning electricity Even though the mobile crushers and the
consumption a reduction of 77% and 12% irconveyor belts have been created some time
the alternatives 1 and 2 is presented iago, only recently the IPCC has been used
relation to Alternative 3. Regarding costsmore effectively. While reducing the
alternative 1 and 2 show 59% and 36%@perational costs, its deployment requires
higher costs respectively, compared tgrevious studies of mining exploitation and
alternative 3. Still, according to this author,its operation requires skilled manpower.
this type of self-propelled mobile crushingVale the largest Brazilian, and world's
has enough mobility to accompany thesecond largest mining company is in the
movements of loading equipments in theprocess of licensing an iron ore mine located
resumption to the ore pile. This equipmentjn Serra Sul Canaan dos Carajas PA
at the time of dismantling, gets out of the oravhich promises to be the largest reserve of
launching range quickly, keeping the systenmematite in the planet. The mine is planned
interconnected, allowing the quick return toto produce up to 90 million tones of iron ore
operation  after  dismantling.  Theseper year. The project has been narSdd D
characteristics make this method moreand promises to be a reference in
efficient (Lopes, 2010). sustainability. Unprecedented in iron mining
A study presented bySchrdoder also history, the transportation method will be
proved that the method of in- pit mobile100% IPCC with use of self propelled
crushing using conveyors has lowemobile crushers and mobile conveyors.
operating cost than the traditional method byAccording to Goes if the S11D mine was
trucks. The types of transportation studiedperated by off-road trucks, it would be
were the conventional method by trucks andshecessary 100 huge trucks that would
the In-Pit Crushing and Conveying. Theconsume 65 million liters of diesel per year.
costs using IPCC showed a reduction of 64%Vith the mobile conveyors, the diesel
compared to the transportation by truckconsumption will be of 15 million liters per
(Schroder, 2003). year, a savings of 77%. Only the auxiliary
Exploitation of a small limestone mining equipments will continue consuming fuel.
in Austria, was possible only through the us&he main equipment will be powered by
of the IPCC with glory hole. This systemelectricity. There will be carbon dioxide
consists in using a mobile crusher, a tunnaleduction in identical percentage of diesel
that leads to the conveyor and a verticaind 174 large tires that are changed every
shaft that allows the removal of the oreyear in trucks will be saved. Highlighting
Beyond economic issues, it is interesting tdhat, there will not be road building for the

168



23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

trucks because the conveyor overcomes long As shown by some studies, such as Lopes,
distances and allow the processing plant tespecially in large mines, as the transport
be located outside the forest, eliminating thelistance to the processing plant increases,
need to remove more than 1000 hectares diie transportation cost by the conventional

vegetation ofCarajasNational Forest (Vale, method also increases, so the IPCC system
2012). becomes competitive.

According to the studies reviewed for this Despite the tendency to offer ready
article it is finally possible to highlight the solutions in the market, there is no one ideal
advantages of IPCC and disadvantages afystem for all operations. The selection of
the of the conventional transportationthe most appropriate transportation system
method by trucks. The advantages anébr each operation must take into
disadvantages are shown in table 1. consideration some issues like: economic,
Table 1: Advantages of the IPCC S sterr?-OCial’ environmental and technical issues.

L. AV Y rying to apply an existing project without
?rrl]gkgsadvantages of the transportation biing into account all the relevant issues
probably will not offer the best solution. The

trucks are appropriate for short distance
transportation and in some types of mine for
the manufacturing of sterile piles. As the
transportation distances and the system
capacity increases, the conveyors and mobile
machines become more efficient in terms of
cost. The lack of skilled manpower and the
growing concern about greenhouse gases
emissions also favor the use of the IPCC
system, provided there is suitable power

The advantages of IPCC are listed below:

Reduced emissions of carbon dioxide, becs
most equipment uses electricity.

Low volume of suspended solids, dust.
Low operating cost.

Does not generate waste.

Diminished risks of work accidents.

Among the disadvantages of transportation
by trucks it is possible to highlight:

available.
High carbon dioxide emissions from the fog
fuel used in the trucks. REFERENCES
Production of noises by the trucks that Brasil. Constituicdo,  1988onstituicdo  da

Republica Federativa do Brasil. Brasilia, DF:
Senado Federal.

Farias, C. E. G., 2002. Mire;d0 e meio ambiente
no Brasil. PNUD, 2002/001604, pp. 2.

affect the environment of nearby urban cen
or wildlife in forests.

Generating a lot of garbage due to tire we
and truck maintenance

High operating cost because the trucks tr
empty half the time.

Need of forest removal for road construction

Trueman, E., 2001. In pit Crushing: The Application
and Benefits of Track Mounted Crushing
Equipment, Goldfields Mining Expo. Western
Austrdlia: National Seminar on New Trends in

Cost Effective Irom Ore Miningp. 27.
Calijome, A. (2011), Aspectos essenciais em
sistemas para longa dietda, S&do Paulo,
4 CONCLUSION http://www.revistaminerios.com.br/Publicacoes/3
Regarding transportation in mining, the 505/aspectosessenciaisemsistemasparalongadistar
trend is to opt for the use of transportation cia.aspx, (Accenssion date: 09.07.2012).
without the use of trucks, the IPCC systeml__opes,José Raimundp2010.Viabilizagao técnica e
Mining companies, especially large ones, econdmica da lavra continua de minério de ferro
have been evaluating the possibility of ¢€om uso de sistema de britagenovel “in pit”
replacing the conventional method because jt 2uto propelido, Ouro Preto, 89 p.

is costly and also degrades the environmerﬁchmder’ A. L., 2003. The use of in-pit crushing and
too much conveyning methods to significantly reduce
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transportation costs by truc€OALTRANS ASIA
9, pp. 12.

Minérios e Minerales @11), Transportador
descendente gera energia para o complexo
industrid. Minérios e mineralessao Paulo,
http://www.revistaminerios.com.br/Publicacoes/3
471/transportadordescendentegeraenergiaparaoco
mplexoindustrial.aspx, ( Accession date: 09.07.
2012).

Vale (2012),Projeto Ferro Carajas S11D: Um novo
impulso ao desenWwimento sustentavel no
Brasil, Sdo Paulo, 25 p.
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Identification of Causal Relations of akdge’s Sliding of an
Open Pit Mine

H. Hamdane
Department of Mining Engineering, Larbi Tebessi Uniitgrdébessa, Algeria

M. Mellas,
Department of Civil and Hydraulic Engineering, Univeysif Biskra, Algeria

ABSTRACT The slope movements represent a large diversified yfathiése movements
correspond to a major constraint for the mining works. stading factors of the mechanical
processes in the beginning of instabilities must alssily be studied with precision. Indeed
they are represented in the upstream charts of evettsavitetimes dramatic consequences.
The objective of this paper is the identification ofisa relations who allows judicious and
early interventions from the point of view of risk management.

The case of the landslide of Kef Essenoun, Who occunréuki phosphate’s open pit mine
of Djebel Onk (Algeria), presents the typical example tef hegligence of geotechnical
studies which could prevent these risks. With thisentibn, traditional and numerical
methods will be applied for the determination of the probable safgbe landslide.

1 INTRODUCTION

The right design of open pit slope is an2 GEOLOGY OF THE SITE

important factor to insure the mine stability. The phosphate deposit of Kef Essenoun is
The planning of an open pit is a matter ofocated on the southern side of the
determining the most economic pit limit andCretaceous anticline of Djebel OnkBir El
the most economical mining program for aAter, Tébessa, Algeria” (Figure.1)

given mineralization (Steffen & al., 1970).

However, the stability aspects must have the

same importance that the economic aspects.

In many cases, it may be worthwhile to

conduct an optimization study (Coates,

1981), what was not made in the case of the

phosphate mine of Djebel Onk (sector: Kef

Essenoun); where the geotechnical aspect

did not take his true place at the time of the

opening of the mine; what led later to a

landslide. The study of the releases factors of

this slip it is proven valuable for the

comprehension of this phenomenon and theigure 1. Simplified geological map of
prevention of this kind of catastrophe in theDjebel Onk

future.
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The tectonic activity involved an abrupt 3.1 Nature of the Landslide
change of the phosphate layer's dip (WhiChrg |andsiide appears, at first sight, like a

was 15°) as it is presented in figure 2. rotational slump (curved slip surface) but

Note that, with the progress of the miningrgéjcording to the geological cross-section

works (excavation of slope toe) the abutmeniearified formations) and the position of the
of the superimposed layers decreases a

their dips increases; what influences g
negatively the stability.

rface of failure (the bedding plane
tween the Phosphate deposit and the Marl
layer) the slid is classified as translational.

The Phosphate layer, which is qualified
hard rock, surmounts the Marl layer, which
is qualified soft rock, from where the joint
separating these two formations constitutes a
favorable surface of slip. The basal friction
in this case is favorable to the gravitating
movements.

Figure 2. Geologic cross-section of Kef
Essenoun before the landslide.

3 LANDSLIDE OF THE KEF-

ESSENOUN Figure 4. The failure surface of the Kef
On September 8th, 2007, occurred thé&ssenoun landslide.

landslide of the north-eastern side of the pit

(Figure 3). An important mass of rocks wasz 2 Geotechnical Characteristics

detached from the rock mass filling the

entire pit (the volume of the sliding mass isThe rock formations Kef Essenoun are
estimated at 6 000.000%m characterized by a very low, low to average

resistance (according to the values of the
Compressive strength) and according to their
Poisson's ratios they are little consolidated
rocks (the marl formation) and compacted
rocks (the other formations).

Figure 3. The landslide of Kef Essenoun
open pit.
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Table 1. Geotechnical characteristics of
different rock formations.

Properties  Quaternary Limestone Phosphate Marl

Uniaxial
Compressive

19.17 58.84 22.55 21
strength
(MPa)
Angle of
internal 25 40 37 15
friction (°)
Rock
cohesion 1.96 8.24 7.35 1
(MPa) . .
Specific Figure 6. Kef Essenoun open pit before the
gravity 18 25.5 22.55 20 landslide
(KPa)
Young's .
modulus 5000 27000 24000 1000 The bench represented in red squares has a
(MPa) rather good stability and the safety factor is
Poisson's 35 0.25 0.28 0.40 around 1.3, for a slope angle equalizes with
ratio

75°, for a critical condition of slope angle
which exceeds the 80° treafety factor is
3.3 Effect of Topography around 1.0 (Figure 7). It is worth noted that
For the case of the landslide of Kefthe overall slope of the open pit is in a
Essenoun, the sliding mass presents wrinklegitical conditionBut if the height and the
resulting from the side spreading out. Theangle of the bench are taken equal to 15 m
effect of the topography on the mobility ofand 55° successively with a bench width
the sliding mass is weak in this case. Thequal to 15 m there will be an overall slope
effects of the seismicity and pluviometry areof the pit characterized by 70 m height and
weak because this zone is arid andn overall slope angle of 30° from where the
characterized by a weak seismic activitysafety factor will be higher than 2.

(Figure 5).

Figure 5. Topographic constraint visualized
by the form of the corridor of displacement

3.4 Effect of the Geometry

The bench of Kef Essenoun open pit is
characterized by 30 m height, an angle of
slope of 75° and sometimes it exceeds the
80° and a bench width equal to 10(Rigure

6). Figure 7. The safety factor according to the
height and the angle of slope.
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3.5 SMR classification (Slope Mass Table 4. Classification of the rock
Rating) formations of Kef Essenoun (SMR system)
The Slope Mass Rating (SMR) was Properties Quaternary Limestone Phosphate Marl
presented as a new geomechanical F1 0.70 0.70 0.70 0.70
classification for slopes in rock (Romana, Fg ?;)5 02515 _‘2’-515 _205~15
1985). The classification is obtained from Fa ‘s 3 3 3

the RMR-system (Bieniawski, 1989), by (Fl-Fz-st)+ Fa -18-52 -10-632 -10-6§ -10-;323
H H H MR 49.37 54.37 51.37 49.37

Us'ng an adJUStment factor depend,m,g on th%MR classes  Description: Class Ill; Normal

relation between the slope and joints andromana, Stability: Partially stable

also a factor depending on excavation9% Failures: Planar failure in some joints and many
wedge failures

method (Edelbro, 2003). Support: Systematic

SMR = RMRyasic+ (Fr. Fo. F3) + Fs The results of SMR classification prove

that the mine was partially unstable and that
a plane failure will occur on the level of

ome joints from where in this case the
ailure occurred on the level of the bedding
plane separating the phosphate layer from
;he marl layer.

Common for both soil and rock slopes is
dhe fact that the failure surface cannot
develop at the same instant throughout the
glope. There must be a progressive
mechanism  of failure  development

F4 is the adjustment factor depending c)lj?ventual_l_y leading to the full collapse of the
excavation method of the slape slope (Sj6berg, 1996).
The results of classification of rock mass
formations of Kef Essenoun is showing in
the following table: 3.6 Numerical Simulation

Table 3. Classification of the rock The Modeling is carried out by using the

formations of Kef Essenoun (RMR system) finite element code for soil and rock
analyses PLAXIS. Calculations are carried

Where

F1 depends on parallelism between joint
and the strike of the slope face as:

F1 = (1-sin A)2,

Where A is the angle between the strike o
the slope face and strike of the joint.

F2 depends on the joint dip angle in th
planar modes of failure.

F3 refers to the relationship between th
slope face and joint dips (Bieniawski, 1976).

Properties Quaternary  Limestone  Phosphate Marl : L .

Compressive out in plane deformation, by using a model
strength 2 7 4 2 of 300 m out of 500 m. The Mohr-Coulomb
Rock quality elastoplastic constitutive law is selected.
?;ggf)‘a“"“ 13 3 3 13 This law offers the advantage of a low
Spacing of ”0 0 0 »0 number of parameters. The finite- element
discontinuities model is illustrated in Figure 8.

Condition of 10 10 10 10

discontinuities

Grou_n_d water 15 15 15 15

condition

RMRyasic 60 65 62 60

Figure 8. The model geometry
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3.7 Results and Discussion valuable for the insurance of the results. The
The volumetric strains are higher than®10 geotechnical study and the intervention of

which is the field of the great deformationsthe geotechnician are necessary and even

what confirms than the open pit mine course,; ; ; ;
a risk of instability (Figure 9). i?:?nzt?cgldfor the risk prevention in the
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3.8 Conclusion

The alliance of several natural and human
factors led to the landslide of Kef Essenoun.
In the case of the stable slopes, it is
impossible to envisage their lifetime

guantitatively. One thus seeks to evaluate
qualitatively the probability that the slope

becomes unstable. Important progress could
be realized in this field, thanks to the

analysis of the passed landslides.

The empirical approach can only be used on
the level of predimensioning or constitute a
starting point of a mechanical study. The use
of several analysis approaches is very
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ABSTRACT In recent years, remote sensing technology has provaladble information in
the field of mineral exploration. Satellite data haween used widely in geology and
exploration and to determine the location of minerglodés. The remote sensing techniques,
has been used significantly in the updating of gecldgmaps, improved quality, and
thematic mapping such as alteration zones maps,uitk lineaments and fracture patterns,
and has saved time and cost of in mineral potential mapping.

This project was conducted in the Darehashki Gofmbsi¢ with 2.45krf that is located in
extreme NW of Isfahan province and north of Muteh villagee deposit is one of the
ninefold gold deposits formed in Muteh Complex whidtwred in central of Sanandaj
Sirjan structuratmetamorphic zone.

Lithological investigations show that the geologjigaits in this area include: Precambrian
metamorphic (green schist facies with different miregg hornfelse, silicified and
mineralized veins and granitic intrusions. This sehi@ge been deformed in effect of tectonic
alternating phases.

Gold mineralization has occurred in relation to hydeatmal alterations in metamorphic
units (schists and quartz veins in schist-granite amg}.Gold-containing minerals include
pyrite and chalcopyrite.

In this project, ASTER satellite images were used ifedint band combinations for
extraction alteration zones associated with gold siepofractures and faults systems,
intrusive units according to their possible roletlie mineralization area and relationship
between alteration zones and fracture systems and faults westigated.

According to the results of field survey and the klity of gold alteration zone-as an
indicator- in the area, were provided an opportunityassessing the accuracy, control and
compare the results of remote sensing studies with &eldies Finally, remote sensing
studies for in this district can be used as a model for exarafisimilar areas.
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1 INTRUDUCTION Aster images are classified in 14-band.
The features of sensor images include:

The study area is located in the central Visible Near Infrared images (VNIR) with
part of sanandaj- sirjan metamorphic zone ground resolution of 15 meters (3 bands).
This zone has a great potential of Short Wave Infrared images (SWIR) with a
hydrothermal deposits such as Agdarrehground resolution of 30 meters (6 bands).
(gold), Zarshouran (gold) and Angouran- Thermal Infrared images (TIR) with 90 m
(mixed sulphidenonsulphide zinc) (Figure ground resolution (5 bands) (Fig. 1).

1). Most of the known deposits exhibit a
well-developed zonal pattern of
mineralization and wallrock alteration that

can be defined by broad variations in major

oxides and trace element concentrations.

These elemental compositions in turn reflect

variations in mineralogical composition of

the altered zones. Most of the hydrothermal

alteration processes produce clay and other

silicate minerals (e.g. argillic and phyllic Figure 1. ASTER spectral bands and their
zones). Supergene alteration results in thgassifications.
formation of extensive iron oxide minerals,

giving characteristic yellowish or reddish |, this project, we used the ASTER
color to the altered rocks. These alteratic.)rilmageS in variou's band combinations for
minerals can be detected by remote sensingacting geological structures (faults and

techniques (Abrams et al., 1984; Elvidge &ineaments), rock unit types and alteration
Lyon, 1984; Amos & Greenbaum, 1989;555qciated with gold mineralization.

Drury & Hunt, 1989).
o hoTER data has been used o locate aIegs . ) og|cAL SETTING OF
ydrous minerals whic

might be associated with hydrothermaIDARREHASHKI GOLD DEPOSITE
alteration zones. The host rocks that contain Darehashki gold deposit is located in 55
ore deposits of hydrothermal origin alwaysKkm of eastern Golpayegan city, central Iran
show the result of interaction with the(Fig 2). The deposit in one of gold deposits
hydrothermal fluids that change the minerabf occurred in Muteh complex. The complex
and chemical composition of the rock andvere occurred in Sanandaj-Sirjan structural-
cause the deposition of the ore and relateshetamorphic zone which has 1500 Km long
hydrothermal minerals (Rutz-Armenta &and 150 to 200 Km. The Sanandaj-Sirjan
Prol-Ledesma, 1998). zone related to the creation of the Tethys

Aster Image dataset (Terra satellite) withocean and its subsequent destruction during
having suitable spatial and spectralCretaceous and Tertiary convergence and
resolution, has a significant impact oncontinental collision between the Afro-
geological and exploration studies. ThisArabian and the Eurasian platédohajjel et
dataset, with suitable spectral resolution iral., 2003; Agard et al., 2005; Ghasemi &
infrared reflection range -that most mineralsTalbot 2006; Moritz et al., 2006; Daliran,
are having absorption spectral charts in it 2008). The complexly deformed subzone of
provides the possibility of detachmentthe Sanandaj-Sirjan zone, which hosts the
various alteration types. In addition, InMuteh gold deposits, is distinguished by
addition, this sensor having five spectrabbundant greenschist and amphibolite facies
bands in the thermal infrared range ismetamorphic rocks (Mohajjel et al., 2003).
considered a Multi thermal sensor that caMesozoic and Tertiary sedimentary rocks
separate Lithological units in this way. overlying Paleozoic sedimentary rocks

predominate in the Muteh complex and are
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largely covered by Quaternary rocks, asre mediumgrained biotite and two-mica
shown in Figure 1 (Moritz et al., 2006). leucogranites, which locally can be
The Muteh complex consists of 9 goldextremely rich in quartz and feldspar and
deposits for gold mineralization that Chahmica poor (Thiele et al., 1968). Hornfelsic
Khaton and Senjedeh are extracted sincecks result from contact with the granite
1991, as depicted in Figure 2 (Moritz et al.(Paidar-Saravi, 1989).
2006). The rocks in the vicinity of the Muteh Paidar-Saravi (1989) also described a
deposit are predominantly schist and gneissange of different meta-volcanic rocks,
subsidiary amphibolite and quartzite, andncluding rhyolitic, dacitic, and andesitic tuff
local marble and magnetite horizons (Thieleand lava, which were already described in
et al., 1968; Paidar-Saravi, 1989). internal reports of the Geological Survey of
Iran (Alavi- Tehrani, 1980, cited in Paidar-
Saravi, 1989). According to Paidar-Saravi
(1989), these rocks have a grano-
lepidoblastic texture with quartz and feldspar
forming a mosaic intergrowth and mica and
chlorite defining the foliation. Pyrite and
* locally larger crystals of are also mentioned.
Paidar-Saravi (1989) described the meta-
volcanic rocks as interlayered with schist but
provided no further textural evidence that
they are tuffs or lavas. During our fieldwork,
we did not recognize any primary textures,
and these rocks cannot be distinguished from
the other metamorphic rocks in the area.
Therefore, we refer to them as gneiss or
schist. Rachidnejad-Omran et al. (2002) also
mentioned the presence of meta-rhyolite and
meta-volcanic tuff, in spatial association with
higher gold grades, but with no additional
evidence for this rock classification. They
interpreted the meta-rhyolite together with
the amphibolite as a bimodal volcanic suite
and the host schist and gneiss as an early
Paleozoic (to Late Proterozoic) volcano-
sedimentary complex.
Hydrothermal alteration associated with
the gold occurrences is characterized by
Figure 2 Location of the Muteh complex and intense, pervasive bleaching of the host
the Iranian famous hydrothermal deposits atfocks. In areas where alteration is less
the intersection of the Sananegijrjan intense, it can be seen that the bleaching
metamorphic zone with magmatic belt of occurs along small fractures crosscutting the
Urumieh-Dokhtar. S|mp||f|ed tectonic map sub-horizontal foliation of the host rocks

of southwestern Iran, Showing the (MOFitZ et al., 2006) It c:_onsists of S|||C|f|ed
subdivisions of the Sanandaj-Sirjan tectonic fock with microcrystalline to crystalline
zone(Stocklin, 1968 and Daliran, 2008 quartz, fine-grained muscovite, pyrite,

dolomite-ankerite, and albite overprinting the
The schist contains mainly quartz, biotite metamorphic minerals of the host rocks.
chlorite, and muscovite. The granitic rocks Lithological units in Dareh-Ashki deposit
emplaced in the metamorphic complex in théoncluded green  schist, granite and
immediate vicinity of the Muteh gold mine hornfelse. Some parts of the deposit covered
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by alluvium. Green schist and hornfelsic-Separating intrusive units according to their
units are situated in northern part of thepossible role in mineralization in the area.
deposit. Granitic units occurred in central

and southern parts of the deposit. AlteratioR 5 1 | ineaments. faults and structures
zones in the deposit consist of silicificationextracting ’

and argilic types. There is silisic veins and

veinlets by aperture between 1 cm and 1 m To distinguish structures in satellite
and rarely consist of pyrite, chalcopyrite,Mages, usually based on the status of the
malachite and Fe-oxides. plants, the drainages path deviation, an

abrupt change in lithology, differences in

3 IMPLEMENTATION OF REMOTE images tone and texture and changing
SENSING TECHNIQUES FOR DATA Lithological unit's trend. Structures are
EXTRACTION including major and minor faults, annular
structures that were divided in Image Work
3.1 Pre-Processing and Corrections section fromPCI GeomaticaV9.lsoftware

jwith using different filters in the studied
necessary that some corrections should ea. Filter is applied to the better detections

made on the images, which is called the pre structtjre:?eologlqal structures, fau:ts an?
processing stageThese corrections are ''Nd  Structurés —in —many = geologica

applied to the raw images, which include€nvironments  have  significant association

geometric correction, radiometric correction"‘"th mineralization. In other word, structures

(to correct the effects of the uncertainties oﬁ?n?dlthe mineral_iéatio dn procetssb?s. IIn fa(?t,
climate, topography and sensitivity of the deo "’;i% tns rﬁirrse(lfgll?sg ered as suitable place tor
sensor) and Layer Stacking (matching VNIF? Tﬁe first Structures that identified b
and SWIR) and etc. In this project, VNIR y

and SWIR bands of ASTER image with asatellite images were ring Structures. These
_structures can be associated with the

pixel size of 15 m for Layer Stacking (PS = . -
15m) was made and then a PIX file forma ntrusive effects which have any outcrops at
r‘ e surface, but cause to alterations at

was developed to be used in the processi ;
b b rface. Many alterations occurred at the

stage. Satellite images often contain som . .
redundant data that calling them "noise” sucl{!térsection of faults or ring structures. Thus,
dentifying and mapping on satellite images

as false light and atmospheric effectén I o loron of miesal "
(humidity and cloud). The present of this"€!P t0 the exploration of mineral potentia
and tectonic position in the study area.

data, will reduce the image resolution X ) :
g For detection of ring structures in the

Eg(r)r?ot:/eésg).Tff;losm w;:g;r;:tlotr:) gzougeagﬁstudy area, ASTER images with different

: ; inati . Initially, it
Therefore, after applying the correction, th"@1d combinations were used. Initially,
appropriate enhancement and detection (¥as used 1,2,3 band combination in RGB

; ; with using Image Worksection fromPCI
performed irPCl GeomaticaV9. software GeomaticaV9.land Arc View 3.2software

. and structures were identified in these band
3.2 ASTER Image Processing combination(Fig 3b,3c)Then, 1,3,4 band
Satellite image processing provides the&ombination was used to verify the extracted
possibility of extraction geological data: data. Concurrent, were used Edge
-Altered distinguish zones according to theSharpening filters (to detect faults border and
type of geological units. ring structures) and Laplacian Edge detector
- Identification and mapping of fractures andiltér (for separating mountain ridges of

faults to evaluate the structural situation.  1aults).

-Evaluation of alteration zones associateg:e':'%l;]fw::’]a’ tgﬁégﬁgﬁeﬂf dE-(I;';A'trl;gn%?/aetr;I'l
with faults and fracture systems 9

structures of study areés you can see in

Before processing the satellite images, it
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this figure, the lithology unit trends are thethe possibility of mineralization in other
NE -SW which is associated with a large ringparts of the structure.
structure. This ring structure could increase

&

Figure3almage of ETM Landsat with combining bands 2,4,7 in RGB stmulv the overall
structure of tectonic in studied area. In this figure, gtrgcture (turquoise line), major faults
with NE-SW trend (blue lines) and studied area (red rectangleshanen.Figure3b. ASTER
satellite image with band combination 1,3,4 in RGB ahow ring structures ( turquoise line)
andstudied area (green rectangl@&jigure3c. ASTER satellite image with band combination
1,3,4 in RGB and show minor faults (yellow lines) and studied arean(ggetangle)

Figure 3b' shows overview of ring umg and SWIR (WaVeIength range 1/6to 2/34

structures and Figure 3c, also shows the fa were evaluated in different combination

: : and for the rock units.
lines in the study area (green rectangle). A Finally, the combination band (RGB =

you can see in theskgures, Major faults 631) with simultaneous application of
(yellow lines) are the main trends in theequalization and Linear filters were used for
region with the NE- SW. better representing the spectral and spatial
variations of pixels and better visual acuity
3.2 2 |dentification and differentiation of and identification of the boundaries between
Cic unit rock units. After separation of the geological
rock units units, the unit's controlled and were named
For identification of rock units in this area, with field operations.
bands VNIR (wavelength range 0.52 to 0.86
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3.2.3 Separation of alteration zones standard, with the nearest spectral angle of
associated with gold mineralization pixels of the image are compared.

Separation and detection of hydrothermal
alterations is important Privileges of satellite
images. Provided, the effects of them be see
in the surface of the earttdydrothermal
alterations are complex process involving
changes in mineralogy, texture and chemica
reaction that occur from reactions between
the hydrothermal fluids with different origin
(atmospheric or magmatic) and rocks.The
most important minerals formed during
alteration, are iron oxides and clay minerals
with OH that if appears at ground surface,
can be detected by satellite images
Obviously, introduced area must be
controlled by field operations in order toFigure 4. Overview of the spectral library in
confirm the presence or absence 0ENVI software
mineralization.

The purpose of ASTER image processing S . .
in this part is identified different alteration alteration is obtained. Then with the help of

zones such as argillic or clay and iron oxid&%ﬁ;noste ;reenséggrg;erg;%ta;;ggliggg g)?t?g)c%'ﬁal
alterations. For this aim, will be an 2P : 9

unsupervised classification to inform of mformation from_satellite images in this
. - section include: Extraction and detection of
spectral classes images (find End member)'KaoIinitic — Alunite alteration, lllite —

It is done in Envi4.2 software with L . .
: ; : Sericitic  alteration, advanced argillic
SMACC algorithm (Sequential maximum alteration (with using separation Pyrophillit

Angle Convex Cone). Likewise determining ineral), iron oxide, and silica alteration.

end of member, the frequency of eac@ultivariate analysis LS-Fit (Linear Band

spectral class in the image is determine o .
These classes can be associated with one ﬁgl?ﬁogr)o clgs s?nn;t?heer ir;n:ézgdmt?ﬁg vagj

the alteration that these are compared al% .o :
; S e bond that have objections with other
visually in image or through the Spectraltypes of spectral bandé are analyzed.The

library. Spectrum associated with alteratlo&ﬁsults of this method as compared to the

minerals that we are following them is store : ;
from USGS spectral library separately (FigAr?dmtlr?Qi%ig]eeitsh?r(]juséhhlaevsi a higher accuracy

4).

Then, extracted End member from the ) ) _ )
image-be Corre|a];ed Wlth m|nera| spectra ir8.2.1.1 Extraction of iron oxide alterations
the library. With identificaton each  The main alterations observed in ASTER
mlner_a[s absorptlon anC_l reflection pOInt, Canimage of studied area is iron oxide
use different methods in ENVI software forgjterations, which with band combination

spectral data analysis. _ 1,2,3 (ie visible wavelengths) are clearly
One of these methods is MATCH separated.As seen in Figure 5, the main
FILTERING. In this way, the reflecting giterations of iron oxide aligned with the NE
digital value of each pixel is compared with_ S\ tectonic trend .These alterations must
reference values of minerals. In otheme investigated with field operations until to

methods-SAM (Spectral Angle Mapping) -pe confirmedprobable mineralization with
the nearest spectral angle of the minerals, ggem.

=3

Finally, the probability distribution of
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a 1))

Figure 6 ASTER satellite image with band combination 1,3,4Ri@B and showa) the
distribution of the mineral kaolinite is representingilic zone is shown (red? b) the
dispersion zone of advanced argillic alterationdptiyllite mineral) c)prophyllitic alteration
d) the dispersion zone of phyllic alteration (illite) is simofyellow)

3.2.1.2 Extraction of clay alterations

Clay or argillic alteration zone was
extracted in 3 zone:

- Advanced argillic alteration zone with
Pirophyllite Index mineral.

- Argillic alteration zone with Kaolinitic
Index mineral.

-Phyllic alteration zone with lllite Index
mineral.

In Figure 6a, the distribution of the
mineral kaolinite is representing argillic zone
is shown (red) and in Figure 6b, the
dispersion zone of advanced argillic
alteration (Pirophyllite mineral) is displayed.

Figure 5 ASTER satellite image with band Advanced argillic alteration using the

combination 1,2,3 in RGB and show ironASTER data in center and western parts of

oxide alteration(yelloyv and studied area the study area has been divided. In Figure 6c,

(redrectangle) prophyllitic alteration and in Figure 6d, the
dispersion zone of phyllic alteration (illite) is
shown (yellow).
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3.2.1.3 Propylitic  alterations  extraction
(epidote - chlorite)

Propylitic zone is outer zones and usually
largest portion of the hydrothermal alteration
and containing internal zones such as argillic
zone. Thus, identification of Propylitic zone
is as the key for experts to finding center
zone of alterations. In this project - for
importance of Propylitic alteration - parts of
the propylitic zone were divided as a result
can be seen in Figure 6c. Propylitic zone
which have separated the blue color in this
picture (Fig 6¢)

3.2.1.4 Extraction of silica alteration Figure 7.ASTER satellite image with band
Due to the close relation of goldcombination 1,3,4 in RGB showthe

mineralization and altered silisic zonesdistribution of the silisic zone

silisic alteration separation helps to identify

potential opportunities for significant gold ) i o

mineralization zone.The best reflection of Informationderived fromsatellite images

IS : ; involves the extraction of important
isr::!::;e:jnwg\?;g%tmages is the range Ofstructuressuch asmajor and minor faults

: . ing structuresand clay altrations(propylitic
Because spatial resolution of these ban@ndargillic) andiron oxidealteration

(90 meters) shouldn't expect that recognized The relationship between Exploration and
veins of silica with less 90 meter in lithology these phenomena is very closélost of
units, but it rocks strongly silicified, and alterations occurred along faults or related to
exposed silisic vein with ninety meter widethe tectonic structure of the region.
or larger can be identified. _ Regarding the relationship between structure
Based on satellite data, considerable anghd alteration with mineralization of gold in

broad siliceous alteration zone appears ithjs type of deposits, extraction of alterations
LIthOlOgIC&' units. It should be noted that theand structures increasing poss|b|||ty of

separation of silica minerals as well as werexistence gold mineralization.
used other algorithms such as LS-fit and |n this project was trying with overlapping

SMACC in ENVI software (Fig 7). faults and alterations associated gold
mineralization in satellite images, the best
4 CONCLUSION areas with potential gold mineralization

identified. Then, these areas controlled with
The use of satellite images during thefield operation. Figure 8, was created
early stages of mineral exploration has beeaverlapping all of extracted data from
veg/ successful  in  pointing  the ASTER satellitsmages.
hydroth

hycrothermally altered ;?f:'ﬁg ASTER data %According to this picture, it looks like the
clay mineral alterations and iron oxide st place for a detailed exploration of gold

minerals. at the intersection where the interface
Principal component analysis was done oRetween tectonic structures and the alteration
the 14 bands and the relevant principals extracted from satellite images. Finally, we
components are chosen to obtain images thean conclude here that remote sensing
show iron oxide and hydroxyl minerals (bandechnique can be used as a very reliable
combinations technique). method for enhancing the areas with
hydrothermal alteration as a fast and cheap

tool for exploration of orogenic gold
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mineralization in the sanandaj- sirjanMoritz, R., Ghazban, F., Singer, B.S., 2006, Eocene
metamorphic zone. gold ore formation at Muteh, Sanandaj-Sirjan
tectonic zone, western Iran: a result of late-stage

extension and exhumation of metamorphic
basement rock within the Zagros orogen:
Economic Geologw. 101, p. 1497-1524.

Paidar-Sarauvi, H, 1989, Petrographisch-
lagerstattenkundliche Untersuchungen an
goldfuhrenden Gesteinen im Mut&ebiet im
Westen vom Zentraliran: Heidelberger
Geowissenschaftliche Abhandlung88, 174 pp

Rachidnejad-Omran N, Emami, M.H, Sabzehei, M.,
Rastad, E., Bellon, H.,and Piqué, , A2002
Lithostratigraphie et histoire paléozoique a
paléocénedes complexes métamorphiques de la
région de Muteh, zone de SananS8ajan (Iran
méridional): Comptes rendus Geosciencad34,
11851191

Thiele, O., et al 1968, Explanatory text of the

Figure 8.ASTER satellite image with band GOlPaygan quadrangle map, 1:250000, GSI,

combination 1,3,4 in RGB showthe
distribution of all of the alteration zones
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Gas Pollutants and Dust of Truck Transport on the Open Pit
,Grivice* RMU ,BDQR*Y LUL

6 'HPLURYLUO 6 *XWLIQ
508 A%DQRYLUL® %DQRYLUL %L+

- ODUNRYLU
Faculty of Mining, Geology and Civil Engineering, TyzkéH

ABSTRACT Surface coal mining has caused significant pollutiondegtadation of the land
area directly affecting the quality of the basic eletm@f the environment. Water, air and soil
are threatened by surface coal mines, all dependingeoapplied mining technology, hired
equipment and machinery, as well as the working environmen

Truck transport of overburden from the open pit to thedfill, as a part of the
technological process of coal surface mining, is @ of several ways of environmental
pollution that are associated with the emission dfugants, dust and noise increase. This
problem is more enhanced if the trucks are currentgtémcnear populated areas.

Following modern trends, the RMU% D Q Rweldith start research on the impact of coal
surface mining on environmental quality. The researcludes tailings and truck transport to
the landfill as one of the greatest sources of envirotathgollution. The study included
tracking and monitoring of emissions of pollutants ashast during road transport of
overburden and its negative impact on air qualityd @roposes measures to reduce their
negative impact on human health and the environment.

1 TEST LOCALITY DFWLYH GXULQJ WKH ODVW S

Coal mining in the are® D Q Rowal basin Pasin: I?igging_ co% in this badsiw_l_is made gf
is characterized by the continuity of long-tWO surface pits “Grivice™ and “Turija” an

term and significant intensity. There wereP® underground mine. All of them are

several open pits and unerground minelPcated near populated areas (Figure 1).
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9LOODJH

Transport route

Open pit Grivice

iy

Figure 1. Surface mining "Grivice" RMU% D Q R(Ghaagle)

Surface mining "Grivice" is characteristic forand coalis minied, and the excavators,
being the most developed in the vicinity ofhydraulic and conventional (shovels and
settlementOUGLUL WKURXJIK ZK driedges) Dodd/dOtrudksK Qrivicks are "Terex",
a route transport to the overburden dumpcapacity 154 tons, "Lectra Haul", capacity
This open pit excavates brown coal, with a20 tons and "BELAZ", capacity 136 tons,
thickness of 18 m and barren layers above @nd the transport is carried out during the day
thickness from 50 to 150 m. Open pit(24 h). The total coal reserves in PK
"Grivice" is generally characterized by solid"Grivice" are estimated at over 20 million
supporting walls made of gray, darktons of raw coal. Current capacity of the pit
limestone and marl, occasionally with blueto 1 000 000 tonnes per year. The landfill is
and gray-green marly clay interbeds overlaicit 1 000 m from the crater pit (Figure 2).

and tan or green clay in the basement. Rock
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Figure 2. Truck transport through the villa@eJ G L U L

2 DEFINITION OF AIR QUALITY

Air quality is presented by concentration ofof these values are different than in the EU
given pollutants in the air and is expressed iand therefore their periodic corrections are
micrograms of pollutants per cubic meter oimade and they are increasingly closer to the
air, at a temperature of 293 Kelvin and thevalues that are defined by the EU.

pressure of 101.3 kPa. In Bosnia andRegulations of contents of pollutants in the
Herzegovina, it is defined by the regulationsair that are in force in Bosnia and

where there are certain values of certaillerzegovina in order to protect human

pollutants that can be found in the air. Soméealth, are given in Table 1.

Table 1. Air quality limit values

Polluting Sampling period  The allowed average  The allowed high value
matter value (ug/m®) (ng/m®)
SO, 1 hour 920 500 (note 1)
SO, 24 hours 90 240 (note 2)
NO; 1 hour 60 300 (note 3)
NO, 24 hours 60 140 (note 2)
LC-10 24 hours 50 100 (note 2)
uLC 24 hours 150 350 (note 2)
smoke 24 hours 30 60 (note 2)
Cco 8 hours - 10.000
O3 8 hours - 150 (note 4)

note 1: not to be exceeded more than 24 times in a ealgadr

note 2: not to be exceeded more than 7 times in a calgeaa(98-i percentil)
note 3: not to be exceeded more than 18 times in a ealgadr

note 4: not to be exceeded more than 21 times in a ealgadr (98-i percentil)
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Table 2. Air quality limit values for dust sediment

The allowed average
value (mg/nfday)

The allowed high
value (mg/nfday)

Polluting Sampling period
matter
Sedimentary dust - total one month
Pb in sedimentary dust one month
Cd in sedimentary dust one month
Zn in sedimentary dust one month
Tl in sedimentary dust one month

200 350 (note 1)
0,1 -

0,002 -
0,4 -

0,002 -

note 1: refers to the month of the year with the highesegabf sediment

In addition to these values, the afore
mentioned regulations, the content of
pollutants in the air is given in order to

the transport route. The aim of this kind of
selection of measurement points is to get a
real impact on the transport system

protect the ecosystem, also the target values distribution, and change of air quality at the

for air quality, thresholds and alert
threshold alarms are given as well.

3 MONITORING OF AIR QUALITY
3.1. Places of Measurement

On the basis of insight into the situational
map of the zone, and the situation on the
ground, network of 12 hexagons, has been
created which covers the entire area.
Surface of a hexagon is 0.078 or area
that covers the entire area of 0.936°km
The network is made according to the
situation on the ground. It covers the
transport route from the moment of entry
into the populated area and follows the exit
of the village, and the area in which
households are located up to 200 m from

site around the transport system.
Measurements were carried out for the
sediment dust, airborne dust (total-ULC and
less than 10 BRn LC-10) as gaseous

pollutants (CO2, CO, S02, NOX,

formaldehyde and acrolein), in dry and wet
periods (when transport works and does not
work ).

3.2The Measurement Results

Table 3 shows the average concentrations
of gaseous pollutants for the winter period

of 2010/11 and spring 2011, in Table 4 the

results of measurements of sedimentary
dust emission in table 5, the determined

values of airborne dust emissions.

Table 3. Mean monthly concentrations of gaseous patisita

CONCENTRATION OF GAS POLLUTANTS (ug/m)

CO, CO SO, NOx FORMALDEHYDE ACROLEIN
November 2010. 6050 2200 73 17 trace trace
December 2010. 4650 1700 68 14 trace trace
January 2011. 5130 1700 50 16 0 0
April 2011. 4460 1750 19 13 0 0
May 2011. 5110 2130 22 14 trace trace
June 2011. 4120 1390 15 13 4 trace
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Table 4. Determined values of sedimentary dust

Sedimentary dust (mg/niday)

Places of November December January  April May June The The
measurement 2010 2010 2011 2011 2011 2011 average high
monthly  value
value
MP 1 275 425 543 3443 1578 2312  1479,33 3443
MP 2 1839 347 589 456 2543 2711 141417 2711
MP 3 2735 897 2654 3461 7689 4235 3611,83 7689
MP 4 1602 435 741 635 537 1243 865,50 1602
MP 5 439 241 654 6213 5324 1523 2399,00 6213
MP 6 349 96 324 4578 1567 2341 1542,50 4578
MP 7 1589 1017 1921 7312 9863 5963 4610,83 9863
MP 8 384 319 423 567 369 1345 567,83 1345
MP 9 181 243 168 896 2732 3679 1316,50 3679
MP 10 79 161 211 572 713 967 450,50 967
MP 11 149 202 272 532 762 1034 491,83 1034
MP 12 128 256 331 1721 1239 874 758,17 1239

Table 5. Determined values of airborne dust

Airborne dust (JR/m°)
LC-10 average LC-10 high value ULC average ULC high value
Measurement conditions: dry, transport works
964 1654 11172 19065
Measurement conditions: rainy, transport works
346 673 391 721
Measurement conditions: dry, transport does not work
355 568 646 718
Measurement conditions: rainy, transport does not work
26 47 66 165

Measuring the allocation of gas pollutantsmeasuring point 7 (20 m from the alignment
sdimentne and suspended particles (thosd transport) are in Tables 3 and 5, and
below 10 microns, and total suspended) walsecause of space, the results of this
performed on 12 measurement points. As thmeasurement with the measuring point.
largest measured values obtained at the
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Figure 3. Determined average and maximum values of sedimehisiry
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Figure 4. Determined values of airborne dust LC -10
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Figure 5. Determined value of the total airborne dust
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4 DISCUSSION away from the route of transport emissions
The results of measurements and comparis@| dust deposited in the winter duelow
with the air quality limit values for average normative values. These results indicate that
annual value, but also for the high valuéhe effect of truck transport decreases with
notes that all of the measured values Oqilstan;\e from the paE)hv_vay. d d duri
emissions of harmful pollutants are below, L tests were being conducted during
wo periods, winter and spring, it can be seen

the prescribed limits. The reason for this i ' - o
the dynamic of removing overburden from hat the Spring feature has hlgher_emlssmns,
ust setting on the measuring cells

the mine waste and tailings from mining. Th mediately around the route, which is

frequency of vehicles on the roads is at ogical, because the emitted dust is mostly
frequency of 1 dig vehicle is moving towarddeposi’ted directly at the source of dust. The

the landfill every 13 minutes, until it returns = .
with another vehicle disposal on landg Winter has generally lower concentrations of

Crossing takes place in the middle the rout&!Ust set:jlirgg tr?n the seclttirc])n Or‘: t?whe rtlnute
or the part of the route that passes througtPMPared to the spring, although the values
the village 0 U G.LSiuth traffic frequency is &€ still above the concentration limits.

not characterized by driving transport._ . 1heé maximum value of particulate

vehicles in the row, and the emissions offatter less than 10 micrometers (LC-10) was
exhaust gases, regardless of the amount afifasured in terms of: Dry, truck freight

concentration, are not high enough t(r?/vorks at the measuring point 7, and 20 m
significantly influence the general change in"°™M t?_ﬁ transpor(tjroute.f the airb dust
the air quality in the investigated area. - € exceeding or the arborne dus

However, no matter the measured values &pnce{]tr?]tlon.t'was tn:ﬁasutred In taé: casest
gaseous pollutants are below the limit, it i€XCEPt When IS Wet, then transport does no

indicative that the laboratory analysis"vork'_r al ded il .
showed the appearance of harmful pollutants 03 tsu;pen e . ngm es pretsen
that are not found in the natural setting of th oating dust sSizes up 1o MICrometers.
vilage, but that they are the result of th ccording to the measurements of the largest

effects of mining operations located in theoLC dust emissions were measured in the
village environment O U G.L Ttaces of dry perlod_when there IS truck transport.
extremely harmful pollutants, formaldehyde; __ Decline the  airborne ~ dustwith

and acrolein in the atmosphere of the Vi”ageincreasing distance of transport routes is not

which is emitted from the exhaust gases of> _en_hancedd aSt in the Sderdé/mergtary dtjhst.
diesel pick-up trucks, warn that some=MISSIONS, dust Suspended above e

measures to reduce emissions of thes@'o‘?’ame valuesffor mteasuren;ent tpomts that
pollutants have to be made. are further away from transport routes.

Measurements of emissions and dust settling
airborne dust is determined as follows:

- From these measurement points at the
measuring point 7, which is located at 20 m
from the route of transport, maximum
concentrations were determined for the
average monthly value of precipitated
powder (4610.83 mg/fday). Concentration
of precipitated powder-dust sediment, the
other measuring points are also above the
normative value of 200 mgfday, ie from
350 mg/mday.

- Imission deposited dust decreased
significantly with increasing distance from
the pathway. For the measurement of 100 m
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Surface Mining Statistics in Romania

M. Marinescu
Faculty of Geology and Geophysics, University of BucliaRmmania

ABSTRACT In Romania, in time but the most in XX century, werelegd 82 mineral and
power substances, in over 3,478 of identified quarriesopeth pits. 98.5 % (3427 quarries
and open pits) from the total surface exploitations ete¢rhnon-power mineral substances
and 1.5 % (51) power substances.

Very much exploited (78) were non-power substances (dngisommodities). Some from
these (bauxite, iron ore, manganese ore, copper ore, gedd-gie, and complex ore) were
metallic ores. But the most non-power substancesw@®) non-metallic mineral substances.
Only 4 were power substances: lignite, coal pit, binous schist, and bituminous sand. The
quarries and open pits were identified in all 41 casmfiom Romania and in Bucharest. The
distribution of quarry in these counties is non-homogsnon correspondence with the
different geological structure and economical development.

Key words: mining statistics, surface mining, Romanian miningtistics, Romanian
surface mining, Romanian quarries

1 INTRODUCTION 2 SURFACES MINING ON HISTORIAN
EPOCHS

Romanian territory is investigated in detail

from geological point of view and is well The surface exploitation was beginning

known. While Romania is not a big country,timid from the Pre-historical times, it was

because of the very complex geologicabtrong pursued in Antiquity, it manifested a

structure, it has, identified and quantified inmore little development in Middle Ages and

resources and reserves, 110 mineral anthd presented bigger extending to ours

power substances (Marinescu, 2003). times. The identified quarries and open pits
Usually, being at the ground surface owere upwards of 91 and the number of

near (at little depth), the most numerous (82nineral substances had exceeded 16.

from these mineral and power substances . ) o

was exploited at the ground surface. Th&-1 Mining Surface in the Primitive

information about the surface mining come$commune

continuous, yet from very old times. . . .
In this paper it is analyzed the surfac The slightly archaeological data about this

mining situation on the bases of the prese tre-hlstorlcal time speak about some mineral

knowledge data about all times. It is eviden ubstances surface exploitations: 6.
ertainly, surface mining (in primitive

that, about old and very old times, many dat . .
manner) was practiced in more numerous,

are now too slightly and fthis first ut unknown today sites. The firestone was
presentation must to be improved, especiall . y ; )
uch exploited but the archaeologists

with new archaeological data. " o
Of course, the most development of th ndlcz_ite sure explon_atlons at Berce_a Mare,
esnic and Roscani. In Cernat Hill, near

surface mining is registered in modern times i T
Roscani village, together with firestone, was
exploited the quartzite [Boroneant, 2000].
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The limestone was extracted at Gura Vaii, The limestone was exploited in 17
in Neolithic times. Sand and gravelquarries: Magura Hill (Calan), Carpinis,
exploitation was at Ghioroc. Geoagiu, Pesteana, Strei (Calan), Valea

Certainly, surface mining (in primitive Sangiorgiului (Calan), Ampoita, Ighiu,
manner) was practiced in more numerousilbesti, lablanita, Ruschita, Rusca Montana,

but unknown today sites [Marinescu etBahna, Gura Vaii |, Gura Vaii I,

Bogatu, 2005], especially firestone andVarciorova, Dinogetia (Garvan).

quartzite, on Déarjovului Valley, Oltului The marble big quantities was extracted at

Valley, Dambovnicului Valley, Lupului Paraului Vally (Cristur), Ruschita and Rusca

Valley, Prutului Valley. Montana (possible and Bucova). Three
andesite quarries are known at Petris-Uroi

2.2 Mining Surface in the Antiquity (Simeria city), Pietroasa Hill and Pietroasa 2

. . _ (the both near Deva city).

In the Antique times, on present Romanian ~ The andesite from Petris-Uroi was used
Territory was existed two state entitiesifor builds and Ulpia Traiana Sarmizegetusa,
Dacian Kingdom and Roman Empire. Micia and other roman localities [Boroneant,
2000]. The sandstone was exploited at
Petnic, Rusca Montana, Verendin; dacite at
. Creaca Ticlar and travertine at Breznita. Of
Although the Dacian state was Very larg& rse the sand and gravel was extracted in
and well developed, it is known a very smally, 4y piaces but is known only Ghioroc open
number of certain surface exploitation: 7. it The Romans had exploited iron ore in

The andesite was exploited at Uroi Hill 50 pacian mines. The places of surface
(Simeria city) and Pietroasa Hill (Deva)'mining (was and underground exploitations)

With . antdl(ajstlrwe fro"mk Pletroasat Hill ‘:,"asare unknown today, except Teliucu Inferior.
constructed the well known sanctuaries irom e 6|9 was extracted in some quarries:

the Sarmizegetusa Regia (Gradistea Muncet r 4 I'D OR QWDOQ 0 JXUD 7HE

today) chapital [Boroneant, 2000]. _CRUDELD. Tt Ruvhens had obtaining
The limestone surface mining is known ing|q “more pure and with more small costs,
Magura Hill (on Streiului Valley), near gqm ajuviums in non-identified places on

Calan city and Ardeu (past quarry, near gq rjyers (and their affluents): Aries, Mures,
Dacian stronghold partially destroyed of risul Alb, Jiu, Olt, Caras, Nera [Marinescu

modern quarry. The sand was extracted Bogatu, 2005]. From this period, the

Ghenetea. From river sands, in indeterminatg, .pae00gists indicated many indeterminate
points was extracted gold of very gOOdrocks quarries.

quality [Marinescu et Bogatu, 2005].

At Bajan Hill (Deva) and Gradistea point
(Santa Maria de Piatra, near Calan) th
archaeologists ~ had indicated  WOager the intense mineral substances
indeterminate rocks quarries from Dac'arbxploitation in Roman period, in the first

period but exploited and in Roman period : ;
; part of Medium Ages (migratory peoples
[Boroneant, 2000]. Many Dacian surface eriod) was not existed a strog state and

mining had disappeared because thgyonsified surface mining was at very low
exploitation had continued in Roman times. level. In the second part, the exploitation
intensity will grow. In many Roman quarries
the mineral substances exploitation had
remained.

2.2.1 Surface Mining in Dacian period

3.3 Mining Surface in the Middle Ages

2.2.2 Surface mining in Roman period

The culmination (surface exploitation

number and exploited mineral substances 1h€ IlrxedstoneR Waﬁ'.t exlgloned I\/:n tthe
number) of surface mining in old times wasdUa/Mes Ardeu, ruscnita, Rusca hiontana,

realised in Roman period. The number of\falg Rogu, Juc1</dg Sug, Po(;jeni, S"\’ll”dl#es'[i
identified quarries and open pits is 53. ord, Gura Van, Lgradena veche,
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Dinogetia (Garvan)The chalk was extracted guano (1), marl-limestone (1), peridotite (1),
at Murtfatlar, marble at Ruschita and Ruscanagnesite rock (1), sulph(t) trachyte (1).
Montana, sandstone at Luncavita, Mehadica, The extracteghower substancesere coal
Rusca Montana and Verendin. (48 quarries) and bituminous rocks (3).

The calcareous tuff surface exploitations Today, the economic crisis had reduced
were cited at Toplet, llisova, Maceris,drastic both surface exploitation number and
Svinita, Pescari and argillaceous schist atxploited mineral substances number.

Rapa (Baile Herculane). Iron ore
exploitation had remained at Teliucu3 SURFACE MINING ON SUBSTANCES
Inferior. The identified quarries and openTYPES

pits was upwards of 25. 3.1 Mining Surface Regarding Power

Substances Obtaining

) o . In function of the possibility to generate
3,386 of quarries and open pits, identified Ugnergy, the surface exploited substances are
to now, had extracted approximately 82 ofjivided in power and non-power.
mineral substances. Extracteaktallic ores Only 4 power substances was exploited at
are: bauxite (101 quarries), iron ore (7)the surface of the ground, in 51 quarries:
manganese ore (4), copper ore (4), goldignite (45 quarries), pit coal (3), bituminous
silver ore (2), and complex ore (2). schist (2) and bituminous sand (1). The most
Non-metallic mineral substancsurface sybstances (78) were non-power and for its
exploitation were very numerous (MarinesCuextraction were used a very large number of

et al, 2001; Marinescu et al, 2002jidentified open pits and quarries: 3,427.
Marinescu, 2003): sand and gravel (787

open pits and quarries), limestone (555)3.2 Mining Surface Regarding Metallic
andesite (232), sandstone (206), sand (171)ineral Substances Obtaining

gravel (127), marble (93), dacite tuff (60),

granite (58), dacite (46), dolomite andThese mineral substances can be distribute
dolomite-limestone  (46), lignite (45), in metallic and non-metallic. Only 6 metallic
gypsum (44), basalt (41), infusible clay (39)mineral substances, misname metallic ores,
sandstone and conglomerate (32), bentongas exploited: ferrous ores (9 quarries),
and bentone tuff (26), marl (24), quartzitemanganese ores (4), copper ores (4), bauxite
(24), green schist (23), granodiorite (21)(101), gold-silver ores (6), complex (lead,
rhyolite (20), travertine (20), diorite (18), zinc, copper) ores (2). The total metallic
conglomerate (17), gneiss (17), loess andres quarries were 126. The most exploited
loess clay (15), decorative limestone (14)substances (77) were non-metallic and for its
colored earth (14), kaolin clay (13), mica-extraction were used an very large number of
schist (12), serpentine (12), perlite (11)jdentified surface exploitations: 3,378.
diatomite (11), chalk (11), amphibolite (10),

diabase (10), kaolin (8), pegmatite feldspaB.3 Mining Surface Regarding Renewable
(8), barite (6), pegmatite mica (6), andesitidMineral Substances Obtaining

tuff (5), basaltic tuff (4), kaolin sand (4),

slate (4), quartz (4), andesitic agglomerat®©n this criterion, two types of exploited
(4), talc (4), gabbro (3), decorative andesitsubstances exist: renewable and non-
(3), calcareous tuff (3), syenite (2), firestongenewable. The renewable type was
(2), basaltic scoria (2), alabaster (2)exploited in 1,088 open pits (fig.1).
decorative granite (2), aragonite (2), dolerite

(2), graphite (2), bentone clay (1), asbestos

(1), calcite (1), celestite (1), decorative

granodiorite (1), decorative sandstone (1),

2.4 Mining Surface in the Modern Age
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exploited power and mineral substances. The
exception from the economic development
and exploitation condition come.

Figure 1. Renewable (1) and non-renewable
(2) substances quarries, in percents.

Was extracted 4 mineral substances, ) _
supposed renewable (fig. 2): sand (172 opehigure 3. The counties of the Romania.
pits), gravel (127), sand and gravel (789) and
ballast (sand + gravel + boulder; 8).

Figure 2. The structure on substances of the
renewable substances surface exploitations
(1=sand; 2=gravel; 3=sand and gravel;
4=ballast).

The exploited non-renewable type (79
substances) was extracted in very large
number: 2,390 (68.8 %) quarries and open
pits.

4. SURFACE MINING ON COUNTIES

Romania has 41 of county (fig 3) and the
capital, Bucharest, separately. Because the
different  geological conditions and
economic development, the surface mining
of this counties is very unequal.

In the all 41 counties and Bucharest city had
existed quarries and/or open pits (see tab. 1).
Generally, the counties who have more many
guarries and open pits presents more many
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Table 1. The surface mining on counties The lasi county (number 17 in table 1)
have only 6 mineral substances but the big
No | County Quarries | Exploited economic necessities had obligated at more
and open| substances| exploitation intensity (85 quarries and open
pits number pits) to Mehedinti county (number 18 in
number table 1), where an same approximate number
1. | Hunedoara 294 38 of quarries and open pits (80) had exploited
2. | Bihor 220 19 21 mineral substances.
3. | Tulcea 216 25 Another observation: usually, the counties
4. | Constanta 180 15 containing mountain (Hunedoara, Bihor,
5. | Cluyj 173 27 Cluj, Maramures, Arad, Covasna, Suceava,
6. | Maramures | 162 21 Brasov, Caras Severin, Harghita, Gorj, Salaj,
7. | Arad 148 27 Alba, Prahova, Mehedinti, Arges, Buzau,
8. | Suceava 133 14 Dambovita, Sibiu, Satu Mare, Bistrita
9. | covasna 132 14 Nasaud, Valcea, Timis) and plateau areas
10. | Brasov 124 16 (Tulcea, Constanta, lasi) have the most
11. | Caras-Severin| 113 29 quarries and exploited mineral substances.
12. | Harghita 105 19 The counties containing only field areas
13. | Gorj 101 10 (Giurgiu, Dolj, Olt, Galati, llfov, Teleorman
14.| Salaj 96 18 lalomita, Calarasi, Braila) had exploited few
15. | Alba 94 19 mineral substances. Some counties can to
16. | Prahova 85 12 have satisfactory open pits becose they
17 | lasi 84 6 exploit sand and gravel along the rivers.
T ;Ar‘;';esd'”t' - 2 4 SURFACE MINING ON SUBSTANCE
20 | Buzau 78 7 It exists a very big inequality of the
21 | Dambovita -2 8 quarries and open pits on (solid) substances.
oy Satu Mare >3 12 Five substances (sand and gravel, common
— limestone, common clay, andesite and
23. | Sibiu 67 13 sandstone) were extracted with very much
;‘5" ?/'St“ta Nasauq 57 10 quarries and open pits number: 2072 (see the
.| Valcea 56 13 figures 4).
26. | Bacau 55 6
27. | Timis 52 11
28. | Vrancea 50 5
29. | Mures 44 7
30. | Botosani 39 8
31. | Giurgiu 34 1
32. | Neamt 30 6
33. | Dolj 26 4
34. | Olt 25 3
35. | Galati 17 3
36. | lifov 16 4
g; I;ﬁfnoitr:an 116 33 Figure 4. Surface exploitations percents on
39 [ Vaslui 12 6 the flrst five exploited substances and
20 | Calaras 11 > remainder substances (1=sand and gravel;
41' Bucharest 3 7 2=common limestone; 3=common clay;
: : 4=andesite; 5=sandstone; 6=other 77
42. | Braila 4 2

substances).
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Table 2. Surface exploitations number on Every substances,

each substance.

No. | Surface Exploited substances

exploitations

1. [789 Sand and gravel

2. | 585 Limestone

3. | 252 Common clay

4. 233 Andesite

5. | 213 Sandstone

6. |172 Sand

7. 127 Gravel

8. |101 Bauxite

9. |98 Marble

10. | 60 Dacitic tuff

11. |58 Granite

12. | 47 Dacite

13. | 46 Dolomite

14. | 45 Lignite

15. [ 44 Gypsum

16. | 41 Basalt

17. 139 Refractory clay

18. | 32 Sandstone and conglom
rate

19. | 26 Bentone and bentone tuff

20. |24 Marl

21. 124 Quartzite

22. 123 Green schist

23. 121 Granodiorite, travertine

24. | 20 Ryolite

25. 118 Diorite

26. | 17 Conglomerate, gneiss

27. 115 Loess and loessoid clay

28. |14 Ornamental limestong
colored earth

29. 113 Kaolin clay

30. |12 Mica-schist, serpentine

31. |11 Diatomite, perlite

32. 110 Amphybolite, diabase

33.19 Iron ore

34. |8 Kaolin, calcareous tuff
pegmatite feldspar

35. |6 Barite, pegmatite micagold
silver ore

36. |5 Andesitic tuff, firestone

37. |4 Manganese ore, basal
tuff, kaolin sand, slate
quartz, copper ore, talg
andesitic agglomerate

38. |3 Gabbro, pit coal, deco
tive andesite

39. (2 Syenite, basaltic scori
alabaster, complex ore
bituminous schist, graphit
decorative granite, dolerit
aragonite.

40. |1 bentone clay, clay schis
asbestos, calcite, celesti
decorative granodiorite arn
sandstone, marl-limeston
peridotite, magnesite roc
sulphur,trachyte, guan
bituminous sand.

Do
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presented after the
quarries and open pits number, can be seen
in table 2 (indeterminate rocks quarries are
missing). Ten solid substance (the first
substances anterior specified and sand,
gravel, bauxite, marble sandstone and
conglomerate, dacitic tuff) were extracted
with 2630 quarries and open pits (fig.5).

Only 848 quarries and open pits had
exploited the remant of 72 substances.

Figure 5. Surface exploitations percents on
the first ten exploited substances (1) and
other 72 substances (2).

5 SURFACE MINING OF THE ROCKS
5.1 Sedimentary Rocks Exploitations
5.1.1 Sand and gravel exploitation

The sand and gravel were the most exploited
mineral substances. Practically, they where
extracted in open pits (only some were
qguarries).

In the north of the countrg{Satu Mare,
Maramures, Suceava, Botosani counties)
where registred 112 open pits and quarries.
The main rivers where are localized sand and
gravel open pits are Somes, Tur, Crasna, lza
Mara, Lapus, Viseu, Bistrita, Moldova,
Suceava, Siret, Jijia, Prut.

In the center of Romani@istrita Nasaud,
Salaj, Cluj, Mures, Harghita, Covasna,
Brasov, Sibiu and Alba counties) were
exploited 122 open pits. The most important
rivers where were existed sand and gravel
open pits are Somesul Mare, Somesul Mic,
Aries, Mures, Tarnava, Olt. Quarries are
known at Ghidfalau, Olteni and Sangeorgiu
de Mures. In the vest part of Romania
(Bihor, Arad, Hunedoara, Caras Severin,
Timis counties) where exploited 96 open



23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

pits along the Crisu Negru, Crisu Pietros(Mateias- Valea Mare, Valea Buda, Albesti),

Crisul Repede, Mures, Strei, Dunare, CernaBihor (Ponoarele, Valea Tarcaita), Bistrita

and Nera rivers. Nasaud (Parva, Valea Cormaia, Gusetel),
In the east side of the country(lasi, Cluj (Podeni), Maramures (Cufoaia) and

Neamt, Vaslui, Bacau, Vrancea, Galati,Tulcea (Dealul Vararia, Codru, Dealul Eaila,

Tulcea, Constanta) were registred the 13®rei Fantani) counties.

open pits in the channel of the following o

rivers: Moldova, Siret, Trotus, Ozana,2.-1.3 Clays exploitation

Milcov, Dunare.In the south of the country From old times to present, over 252 of

(Mehedinti, Gorj, Dolj, Valcea, Olt, Arges, . o ; ;
Dambovita, Teleorman, Prahova, ”fovy!dentlfled common clayquarries had existed

Giurgiu, Buzau, Braila, lalomita, Calarasi In 38 counties and Bucharest. In the counties
counties and Bucharest) where existed 3280M the north of the country (see 4.1.1.
open pits and one quarry (Schela Cladovei)garf"‘graph) it is know an 22 quarries number,
The open pits are localized along theo® N the center, 43 in the vest, 29 in the est
Dunare, Topolnita, Gilort, Motru, Sohodol, 21d 72 in the south. Only in three counties
Amaradia, Olt, Topolog, Valsan, ArgeS,(CalaraSL Giurgiu, Tulcea) of the country
Raul Doamnei, lalomita, Cricovul Dulce, WEre not extracted common clay in quarry.
Prahova, Teleajan, Dambovnic, Ciorogarla’\t & Smallest scale (fig. ), in Romania were
xploitedother clay varietiesinfusible clay,

Buzau, Ramnicul Sarat, Siret and lalomit . :
rivers. aolin clay, bentonite clay and colored clay.

5.1.2 Limestone exploitation

After sand and gravel, the limestone (two
kind: common and ornamental) were the
second exploited mineral substances. It was
extracted in many counties and the number
of quarries is very large too: 599. The
quarries are distributed only in the mountain
and plateau area of the counties.
The field counties have not limestone
quarriesCommon limestoneere exploited  Figure 6. The distribution of the quarries on
in 585 quarries, from 27 counties withclay tips (1=common clay quarries; 2=other
mountain or plateau areas. In the mountaifout clay varieties quarries.
areas were registred the most common . ) ]
limestone quarries. They are present in The infusible clay were extracted with 39
following 22 counties: Alba, Arad, Arges, quarries in 11 counties: Arad, Bihor, Bistrita
Bacau, Bihor, Brasov, Buzau, CaradNasaud, Brasov, Caras Severin, Cluj,
Severin, Cluj, Covasha, Dambovita, NeamtCovasna, Gorj, Maramures, Salaj, Timis.
Sibiu, Valcea, Maramures, Harghita, GorjKaolin clay were extracted with 13 quarries
Mehedinti, Salaj, Prahova, Hunedoara anil! 4 counties: Arad (Agris), Constanta (Cuza
Suceava. The biggest quarries number (61joda, Defcea, Gherghina, Docuzol, Tibrinu,
are known in the Hunedoara county. ortomanu, Cuza Voda, Tugui), Maramures
In the plateau areas were registred 20fCavnic), Tulcea (Gherghina, Cheia,
quarries only in 5 counties: Vaslui, Botosani Vitelaru). Bentonite clay was exploited only
lasi, Tulcea and Constanta. There are ve one quary, in the Botosani town and
much quarries in Constanta and Tulceg&ounty. Colored clay (14 quarries) has iron
counties: 88 and respective|y 85. and manganese_OXIdes in its (?OfT\pOSltIO.n. It
14 limestone quarries, with the outputwas extracted in the following counties:

used inornamentalpurpose, are in: Arges Arad, Arges, Brasov, Caras Severin,
Covasna, Harghita, Satu Mare, Tulcea).
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5.1.4 Sandstone exploitation

Remaining 1/3 from sand surface

] ] exploitation was quarries and they had
Common sandstonie 213 quarries from extracted the output from sandy geological
31 counties were extracted. In the north oformations. In the north of the country (Satu

the country (Satu Mare, Maramures,

Mare, Maramures, Botosani counties) 9, in

Suceava, Botosani counties) 23, in centefenter (Salaj, Cluj, Covasna, Sibiu and Alba)

(Bistrita Nasaud, Salaj, Cluj, Harghita,
Covasna, Brasov, Sibiu and Alba) 72,
vest (Bihor, Arad, Hunedoara,
Severin) 22, in east (lasi, Neamt, Vaslui,

19, in vest (Hunedoara, Caras Severin,

iNTimis) 10, in east (only Tulcea and
CarasConstanta) 17 and south (Mehedinti, Gorj,

Dolj, Valcea) 5 quarries where registred.

Bacau, Vrancea, Tulcea, Constanta) 68 and
south (Mehedinti, Valcea, Prahova, Argesb.1.6 Gravel exploitation

Dambovita,
registred.

Buzau) 27 quarries where ] . .
127 gravel open pits (fig. 8) and quarries

Ornamental sandstonenly at Baschioi, in Was registered in 25 counties: Alba, Arad,

Tulcea county, was exploited.

5.1.5 Sand exploitation

Bihor, Brasov, Buzau, Caras Severin, Cluj,
Constanta, Covasna, Dambovitidarghita,

Hunedoara, lasi, Maramures, Mehedinti,
Mures, Neamt, Prahova, Salaj, Satu Mare,

172 open pits and quarries in 33 countiesibiu, Suceava, Timis, Valcea and Vaslui.
and Bucharest, had exploited sand. The 109 open pitshad extracted gravel along
distribution of the sand surface exploitationthe following many rivers: Mures, Teius,
on quarries and open pits can be observed fmpoi, Crisul Alb, Crisul Negru, Crisul

Figure 7.

Figure 7. Allocation of sand surface

Repede, Beretau, Teuz, Tarlung, Ghimbav,
Olt, Buzau, Ramnic, Cerna, Mraconia,
Somesul Mic, Ruda, Tarnava Mare,
Geoagiu, Siret, Somes, Viseu, Iza, Tarnava
Mica, Moldova, Prahova, Teleajan, Varbilau,
Somes, Artibaciu, Sadu, Hanfta, Suceava,
Moldova, Timis, Topologu.

Other 18quarrieshad extracted the gravel
in Alba (Aiud, Mihacea quarries), Constanta
(Aliman, Gherghina, Medgidia, Mircea

exploitations on quarries and open pits

(1=quarries; 2=open pits).

Approximate 2/3 from sand surface
exploitation wasopen pits and they had

worked in 31 counties and Bucharest. They
had exploited the sand along the Suceava,

Somes, Somesul Mic, Tarnava Mare, Olt
Crisul Alb, Crisul Repede, Crisul Negru,
Caras, Mures, Strei, Bega, Bahlui, Prut
Barlad, Siret, Cosustea, Motru, Gilort, Jiu,
Amaradia, Olt, lalomita, Teleajan, Buzau,

Figure 8. Allocation of gravel surface
exploitations on quarries and open pits
(1=quarries; 2=open pits).

Dambovita and Danube rivers and their

tributaries.
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Voda, Nisipari, Rasova, Silistea, Caprioara), Apuseni Mountains (Galsa and
Tortoman, Tepes Voda), Covasna (Olteni)Surduc quarry), North-Dobrogean
Mehedinti (Mraconia), Mures (Sarateni,Structogen (Caeracul Mare Est, Imalac,
Sangiorgiu de Mures), Salaj (Jurca,Dealul Hartop, Uzum Bair, Tausan Tepe,
Poptelec) and Sibiu (La Securea) counties. Tackir Bair) and Central Dobrogean Massif

. (Ovidiu, Alvanesti).
5.1.7 Gypsum exploitation

Romanian’s gypsum deposits are numerous
and the discovered expectation is very large.
Gypsum deposits were and can yet identified
in the Transylvanian Depression, South
Carpathians, Eastern Carpathians and in
Moldavian Platform.
The gypsumquarries was identified in 9

counties: Arges (Stanesti, Boteni, Dracesti
and Dealul Cretisoara quarries), Bacau
(Bogdanesti), Botosani (Crasnaleuca,
Vararia, lvancauti), Cluj (Dabagau, Cheile
Turzii, Valea Fanului, Valea Foidasului, i ;

- . ' . . ' Figure 9. Allocation of dolomite and
Aghiresu, Cheia, Leghia, Birtz, Moghioros, 4| mite limestone quarries on geostructural
Dumbrava), Hunedoara (Romos, Vaideiyhits'(1=Apuseni Mountains; 2=Eastern

I\R/Iasca, CaIaBu t')V”C'. Deglul \/Sarului), Carpathians; 3=Southern Carpathians;
aramures (Dumbravita, Ocna Sugatag,-north-Dobrogean Structogen: 5=Central
Costeni), Prahova (Breaza, Cerasu, Batraﬁbobrogean Massif).

Schiulesti, Piatra Verde, Valea Lespezi,

Maneciu Ungureni), Dambovita (Pucioasa)s. 1.9 Sandstone and conglomerate

and Salaj (Bocsa, Jebuc, Ciocmani, Coseilgxploitation

Galaseni, Petrindu, Piatra Alba, Treznea,

Aghires, Ortelec). 32 quarries had expoloited, together,
) o sandstone and conglomerate in 11 counties:

5.1.8 Dolomite and dolomite-limestone Alba, Arad, Bihor, Constanta, Harghita,

exploitation Hunedoara, Cluj, Salaj, Suceava, Tulcea,

Maramures. Theirs distribution on

These rocks, more dolomite-limestone anQleosiryctural units  (fig. 10) is following:
more slightly dolomite, were extracted in 46, qiarm Carpathians (Razoare, Magura
identified quarries, from 11 counties: Arad,\1incelu Pojorata, Lueta,) ' Apuseni '

Caras Severin, Cluj, Constanta, Harghitay,,ntains (Sard, Milova, Odvos, Butan,
!I—_|u|nedo§;1/ra, Maramures, = Sibiu, Suceavayiniire, Coasta Morii, Huta, La Solomon,
uT%ea, rancea. 0 the following Magoaja, Osoiu, Reca Cristur, lleanda,

ey arel present f'.n tge. oEowmg Zalau, Calacea, Ciumarna, Boiu, Bozes,
geostructural  units  (fig. 9): EasteMganiia Bobalna, Poiana Aiudului), North-
Carpathians (Magureni I-Ill, Dascalen"gobrogean Structogen (Carmazui, Telita,
Pecistea I-ll, Paraul Rau, Tarnita, Parau ucur, Denis, Nalbant) Central Dobrogean

gailolr,_ Bgar_nbele,CAflinet, MFrunz:i, EatcalMassif (Hamangia) and South Dobrogean
arului, Poiana Cailor, Muncelu, Paraulpiaiirm'(Pestera).

Hamliul, Paraul Limpede, Carta, Lunca de
Sus, Voslobeni, Delnita, Paraul Rece),
Southern  Carpathians (Pietrele  Albe,
Cumpana, Poiana Neamtului, Hunedoara,
Teliucu Mic, Teliuc I-lll, Craciuneasa,
Zlasti, Bania, Tulea, Valea Cernei,
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4.1.13 Loess exploitation

In the east and south areas of the Romania
the dust sediments from Pleistocene epoch
(Quaternary period) had generated loess and
loessoid deposits. In some counties, the loess
was extracted: Bacau (Calugara, Magura
guarries), Constanta (Cobadin, Mamaia Sat,
Siminoc, Medgidia I-11), lalomita (Fierbinti,

Slobozia, Tandarei, Urziceni I-II), llfov
(Buftea), Teleorman (Alexandria) and
Figure 10. Allocation of sandstone and Bucharest.

conglomerate quarries on geostructural unit
(1=Apuseni Mountains; 2=Eastern
Carpathians; 3= North-Dobrogean
Structogen; 4=Central Dobrogean Massif; 5
= South-Dobrogean Platform).

%.1.14 Travertine exploitation

In Quaternary (at the limit of the upper
Pleistocene-holocene epochs) period, from
underground warm solutions were generated,
at the surface of the ground, in some areas,
travertine deposits. The  travertine

The marl was extracted in 24 quarries fronPccurrences are located in Hunedoara county
12 counties: Bihor (Alesd, Hotar, Fisca(Banpotoc, Carpinis, Geoagiu, Rapolt
quarries), Botosani (Stefanesti), Brasoweposits) and Harghita county (Boresec
(Tarlungeni), Cluj (Sandulesti), Dambovitadeposit) (Marinescu et al., 2005 b). .
(Crevedia, Malu Rosu, Scaiosi, Muchea They had been extracted in 21 quarries
Alba), Maramures (Poiana Botizei, Botiza),from Mehedinti (Breznita Roman quarry),

5.1.10 Marl exploitation

Harghita (Bradesti, Lueta), HunedoaraHarghita — (Borsec  I-lll),  Hunedoara
(Hotar, Prisloape), Mehedinti (Carabasita(Banpotoc I-1ll, Banpotoc- Carpinis I-IX,
Gura Vaii, Varciorova), Neamt (Cisirig, Geoagiu I-ll, Rapoltu Mic, Carpinis I-II)

C_iri.tei, Tepesenj_), Prahova (Gura Beliei),COUmfieS-
Sibiu (Dealul Dal) 5.1.15 Other sedimentary rocks exploitation

5.1.11 Conglomerate exploitation The most importantliatomite deposits from

17 conglomerate quarries were registred ifRomania are in Arad, Buzau, Constanta and
Arad (Siria, Padurea Neagra, MezeriuCovasna counties (Brana et al., 1986).
quarries), Bistrita Nasaud (Ciceu)' Braso\)dentlfled diatomite quarries there are in
(Vlades, Dealul Alb, Talineu), Caras SeverinArad, Buzau, Constanta and Covasha
(lablanita), Constanta (Sibioara), Prahov&ounties. .

(Predeal), Salaj (Fundu Luncii, Zzalau), From Roman period to presenicareous

Suceava (Magura I-1l, Muncelu) and Tulceauff quarries are known in Bihor, Caras

(Baia, Blasova) counties. Severin and Hunedoara counties. Tiate
was extracted in Arad, Mehedinti and Tulcea

5.1.12 Chalk exploitation counties. Themarl-limestonewas exploited

) in Mehedinti and theclay schistin Caras
From the Roman period to present, the Chalgeverin counties (Parvu et al., 1977).

was extracted only in Constanta county. Was
identified 12 quarries (Murfatlar I-V, Cainac
I-1l, Basarabi, Valea Seaca, Cuciuc, Cuciuc
Murvat, Calea Omurcea) but dubtlessly their
number is bigger.
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5.2 Magmatic rocks exploitation
5.2.1 Andesite exploitation

The common andesitexists in the Apuseni
Mountains, Eastern Carpathians (Oas, Gutai,
Tibles, Rodna, Bargau, Calimani, Gurghiu,

Harghita mountains) ~and in Southgiy e 12 Tuff sorts exploited in quarries

Carpathians  (Parvu et al., 1977). The)—qaitic tuff; 2 = andesite tuff; 3= basalt
distribution of the andesite quarries O ).

geostructural units is shown in figure 11. 60 Dacite tuff quarries are known in Alba,

Arad, Arges, Brasov, Cluj, Maramures,
Prahova, Salaj, Satu Mare and Valcea
counties. Other exploited tuffs aemdesite
tuff, exploited in Arad (Calvaria), Caras
Severin (Glamboca), Harghita (Lazaresti)
and Hunedoara (Deva, Bacia) counties and
basalt tuff,extracted in Brasov (Comana de
Sus, Mateias), Covasna (Malnas Bai),
Hunedoara (Birtin) counties.

. ) . 5.2.3 Granite exploitation
Figure 11. Andesite quarries allocate on

geostructural units (1=Eastern CarpathiangGranite deposits are very numerous in
2=Apuseni Mountains; 3=SouthernRomania. They exist in the Apuseni
Carpathians). Mountains, South Carpathians and North-
Dobrogean Structogen (Parvu et al., 1977).
This rock was exploited in 233 quarries 58 Common granite quarries were
from 14 counties: Alba, Arad, Bihor, Bistrita registered in Arad, Caras Severin, Cluj, Gorj,
Nasaud, Brasov, Caras Severin, Cluj, Hunedoara, Mehedinti, Satu Mare and
Covasna, Harghita, Hunedoara, Maramure§,ulcea counties. Were identified ontywo
Mures, Satu Mare, Suceava. ornamental granite quaries, in Tulcea
Ornamental andesitequarries exists in counties: Dealul Serparu and Greci.
many locations but the demand was not ver ] o
high on time and the surface exploitationsg-z-4 Dacite exploitation
tere xising oty 1, 81992 810 v e was described for th frst ime as
counties. a volcanic rock type in Romania at Poieni,
which is the “locus tipicus”It widespread in
5.2.2 Tuff exploitation the territory of the Romanian Carpathians
but for economic purposes there are only
In Romania exist many magmatic tuff levelsthree main zones: Vladeasa Massif (Apuseni
and sorts. Some of they (dacite tuff, andesit®lountains), Rodna Mountains (Eastern
tuff, basalt tuff) were extracted (see fig. 12). Carpathian) and western part of the Southern
Carpathians (Marinescu et al., 2003).
The dacite was intense extracted in 47
quarries from Alba, Bistrita Nasaud, Cluj,
Hunedoara, Maramures and Salaj counties.
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5.2.5 Basalt and diabase exploitation North-Dobrogean Structogen geostructural
units. 18 quarries had extracted the
In Romania, basalt deposits exist in Apusenfollowing  counties: Arad  (Barzava,
Mountains, Eastern Carpathian and SOUther\mvu]escu’ La Stramtori, Galsa, Agrisu Mare,
Carpathians geostructural units (Marinescposu Garii, Cuvin, Lunga quarries), Caras
et al., 2001). 41 quarries exploited this rockseverin (Valiug, Valea lepii, Calnic), Gorj
in Alba, Arad, Brasov, Cluj, Covasna, (Similoi, Feregea), Hunedoara (Birtin), Salaj
Harghita, Hunedoara and Timis counties(Moigrad), Satu Mare (Calinesti), Timis

The old varieties, numed diabase, wergDrinova) and Tulcea counties (Horea).
extracted in 10 quarries from the counties

Alba, Arad, Cluj, Hunedoara and Tulcea.
5.2.9 Gabro exploitation

5.2.6 Granodiorite exploitation Gabro deposits exist only in Southern

. . . . Carpathians and North-Dobrogean
Granodioritedeposits are known in Apusen'Structogen geostructural units. It was

Mountains, Southern Carpathian and Northéxploited in Mehedinti (luti quarry), Sibiu

Dobrogean ~ Structogen. 21~ €OMMON ' Ghihan) and Tulcea (Cerna) counties.
granodiorite quarries are known in Arad

(Soimus quarry), Bihor (Pietroasa), Carag.2.10 Perlite exploitation

Severin (Dognecea, Maidan I-lll, Ohaba,

Oravita, Bradisoru, Surduc, Valea Lungii,At the occidental part of the Gutai

Bradisoru de Jos), Cluj (Valea Lungii, Mountains (Estern Carpathians geostructural

Poieni), Gorj (Feregea, Meri), Timis unit), near Orasul Nou city, in Satu Mare

(Jidioara, Nadrag), Tulcea (Greci, Macin Vii,county, was existed an very big perlite

Coltii Babei) counties. deposit. Many quarries (Orasu Nou, Coca,
A part of exploited rock at the PiatraDealul Negru, Dealul Ciap, Dealul Patrat,

Imbulzita quarry, near Greci locality (TulceaMedies I-1l, Valea Adanca, Nadasledies-

counties), was used thanamentalstone. Vii I-Il) had depleted perlite content (today

o o exists a small reserve quantity).
5.2.7 Rhiolite exploitation

o ) o ~5.2.11 Other magmatic rocks exploitation
The rhiolite deposits exist in the following

geostructural units: Apuseni MountainsAndesitic agglometardeposits are known in
(Vladeasa Masiff), Eastern Carpathian andnany area of the country but it was extracted
North-Dobrogean  Structogen. It wasonly in the Harghita, and Mures counties.
extracted in 20 identified quarries, in theSienite in Harghita, peridotite in Caras
following counties: Caras Severin (Selski,Severin, trachite in Salaj anddolerite in
Zavoi quarries), Maramures (Baia Sprie)Hunedoara counties were exploited.
Mehedinti (Svinita), Satu Mare (Orasu Nou),

Tulcea (Isaccea, Dealul Iglicioara, Tas Bair, 5.3 Metamorphism Rocks Exploitation

Altan Tepe, Dealul lui Manole, Carjelari, _ .

Rachelu, Casla, Eschibalac, Mihai Bravud-3.1 Marble and crystalline limestone

Topolog, Movila Goala). exploitation

5.2.8 Diorite exploitation In  Romania, marble and crystalline
limestone exist in metamorphism formations

The diorite deposits were detected inof the Apuseni Mountains, Eastern

Apuseni Mountains (Zarand, Banatului,Carpathians (Lapus, Maramures, Bistritei,
Meses, Poiana Rusca, Bihor mountainslRodna, Gurghiu  mountains),  South
Southern Carpathians (Vulcan MountainslCarpathians (Fagarasi, Poiana Rusca,
Northern Carpathians (Oas Mountains), andlotrului, Capatanei, Almaj and Cindrel
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mountains) and north Dobrogea Platea’®.3.3 Green schists exploitation
(Tulcea Hill). ) »

It exist 98 quarries who had extractedThe green schists are specific for North-
marble and crystalline limestone in 17Dobrogean  Structogen and  Central
counties: Alba, Arad, Arges, Bihor, Bistrita Dobrogean  Massif geostructural units
Nasaud, Caras Severin, Cluj, HarghitaAccordingly, they were extracted in surface
Hunedoara, Maramures, Mures, Mehedinti€xploitation only in the two counties from
Sibiu, Suceava, Timis, Tulcea, Valcea. Théhe specified units:  Tulcea (Casimcea,
distribution of the marble and crystalline Topolog, Dealul lui Glim, Peceneaga, Petris)

limestone quarries on geostructural units i§¢nd Constanta (Sibioara I-Ill, Nistoresti,
shown in Figure 13. Casimcea, Cogealac, Targusor, Mihai

Viteazu, Cheia, Cotu lui Cergau, Navodari I-
I1l, Dealul Morii, Capul Derele, Ramnicul de

Figure 13. Marble and crystalline limestoneSus, Ramnic Bair, Ramnicul de Jos).
quarries allocate on geostructural units

5.3.4 Gneiss exploitation

The gneiss is well widespread in areas with
crystalline  formations, expecially in
Southern Carpathians geostructural unit
(Fagaras, Cozia, Cibin, Sebes, Lotr
mountains etc.). It was exploited in Alba
(Coasta), Caras Severin (Berzasca, Bozovici,
Valiug), Hunedoara (Calnic), Mehedinti
(Tarovat, Orsova), Salaj (Port, Simleul
. Silvaniei, Magura Silvaniei), Sibiu (Aciliu,
(1=Southern Carpathians; 2:Apusen|8adu1 Strar?wbu, Rod, )Tilisca,( Vale:

Mountains; 3=Eastern Carpathiansi\;ntelui) and Valcea (Cozia) counties
4=North-Dobrogean Structogen). ) ( ) '

) o 5.35 Other  metamorphism recks
5.3.2 Quartzite exploitation exploitation

Quartzite lens and seams exist in very muclthe mica-schist have not very good
areas from crystalline formations of thephysical-mechanical properties because it
Eastern Carpathians, Southern Carpathiangan easy to Open up in fragments along of
Apuseni  Mountains. In the geologicalthe foliation but it was extracted in 12
formations of the Triasic or Devonian quarries from 5 counties: Alba, Bihor, Salaj
periods can be met also. ~_Sibiu, Valcea.Serpentinedeposits exist in
24 quarries had exploited quartzite in 7the crystalline formations from Eastern and
counties: Arad (Agris), Bihor (Soimi, Southern Carpathians. This rock ar
Teaca), Caras Severin (Cracu, Globlexploited in Caras Severin, Covasnha
Craiovei), Hunedoara (Gambrinus, Sasayehedinti, Sibiu countiesAmphibolite can
Livezeni, Gruneti), Mehedinti (Tarovat), be met in crystalline formations of intense
Timis (Nadrag), Tulcea (Buceag, Luncavitametamophism from Eastern, Southerr

Orliga, Piatra Raioasa, Varful PriopceacCarpathians and Apuseni Mountains. The
Somova, Dealul Raioasa, Gorgani, Dealufyarries exist in following counties: Alba,

Cernei, Piatra Raioasa, Priopcea, Movilaarad, Salaj, Satu Mare, Sibiu.
Mare, Vitelar).
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6 ORES AND INDUSTRIAL MINERALS Ponor) had exited. It had exploited siliceous

EXPLOITATION bauxite. Complex oreonly in Hunedoara
) o (Coranda-Hondol, Valea Morii quarries) and
6.1 Metallic ore exploitations manganese ore only in Suceava (Arsita,

. . . . , rari D it nti r
Metallic ores exploited in quarries (see f'g'gfp?loailte?j'. adu,  Oita) - counties  were

14) was iron ore, gold-silver ore, copper ore,
bauxite, complex ore and manganese ore. 2 Non-metallic Ores and Industrial
time, iron ore (siderite) was extracted in Minerals Exploitation
many unidentified old quarries fromPoiana
Rusca Mountains (Hunedoara county)ldentified common kaolin quarries are
Teliuc |-V, Teliucu inferior, Ghelari, Vadu known in Arad (Rapa Malului), Bistrita
Dobrei there are some identified quarries.A{Parva), Harghita (Harghita, Puturosu,
Capus deposits (Cluj county), oolite iron oreSansimion) and Tulcea (Epaminonda, Cheia,
was extracted with an unknown quarriesVitelaru) counties. Kaolin sand was
number. Some remaining iron ore reserveextracted in Arad (Agris quarryf;onstanta
can be exploited in future. Identifiegbld- (Cuza Voda, Defcea, Gherghina, Docuzol,
silver ore quarries had existed in AlbaTortomanu, Cuza Voda, Tibrinu, Tugui),
(Magura Tebei, Botes), Hunedoara (CertejMaramures (Cavnic) and Tulcea (Gherghina)
Rosia Montana, Vulcoi-Corabia) andcounties.
Maramures (Suior and possible Baia Sprie) Pegmatite feldspardeposits appear in
counties.Copper orewas extracted in Alba units with significant participation of mezo-
(Rosia Poieni quarry), Caras Severinmetamorphic rocks: Southern Carpathians
(Moldova Noua) and Hunedoara (Devaand Apuseni Mountains (Popescu et al.,
Valea Morii) counties. 2003). The quarries were existed in Caras
Severin  (Armenis, Teregova, Globul
Craiovei), Cluj (Bedeci, Muntele Rece) and
Valcea (Vasilatu, Voineasa) counties.
Pegmatite micaquarries were identified in
Caras Severin (Boutari, Bucova, Crijma,
Talva quarries), Maramures (Razoare) and
Valcea (Voineasa, Bautari). Thipiartz was
exploited in Caras Severin (Varciorova),
Cluj (Manastireni). Hunedoara (Siglau) and
Mehedinti (Paraul Neamtului). Baryte
surface exploitation had existed only in
Suceava (Ostra, Alunisu) and  Tulcea
(Cortelu, Casla, Marca, Malcoci) counties.
Figure 14. Metallic ore quarries on ore sortd=irestonein Maramures (llba, Tautii
(1=bauxite quarries; 1=iron ore; 3=gold-Magherausi) and Hunedoara (Lesnic,
silver ore; 4=copper ore; 5=manganese ordRoscani, Bercea Mare) counties aatt in
6=complex ore). Caras Severin (Marga, Parvova) and
Hunedoara (Cerisor, Lelese I-ll) were
The bauxite exist and was exploited (101 exploited in quarries.
quarries) only in Bihor and Hunedoara Aragonitequarries are only two: Suncuius
counties. In Bihor county, were identified (B|hor County) and Harghita (Corund)_
hundreds of bauxite lens in Padurea Craiulusimilar for grafit (Baia de Fier and
Mountains (Apuseni Mountain geostructuralpolovragi quarries in Gorj county), alabaster
unit), extracted in quarries or in (Stana and Petrindu in Salaj).
underground. Bauxite surface mining is  with a single quarry were extracted the

represented by approximate 100 quarries. Ifpllowing mineral substancesalcite (Valea
Hunedoara county only one quarry (Ohaba
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Ponor quarry)sulphur (Negoiul Romanesc), 8 CONCLUSIONS
celestite (Copaceni), magnesite (Tisovita),

asbes{(Eibenthal) anguano(Cioclovina).  Romania is not a big country but, because of
the very complex geological structure, it has,

identified and quantified in resources and
EESIY(V)IIETFZ.SH%?\ISTANCES reserves, 110 mineral and power substances.
In time, the most numerous (82) from these
The power substances who were exploitedyas exploited at the ground surface, in over
in quaries (fig. 15) are only four: lignite, 3,492 of identified quarries and open pits.
coal pit, bituminous schist and bituminous 98.5 % (3441 quarries and open pits) from
sand. The coal extracted in quarries assureise total surface exploitations extracted non-
the most quantity from the Romanian powepower mineral substances and only 1.5 %
necessary. (51) power substances. This 1,5 % is very
important, becose the exploited coal assures
the most quantity from the Romanian power
necessary. The surface exploitation were
identified in all 41 counties from Romania
and in Bucharest. The distribution of
guarries and open pits in these counties is
non-homogenous, in correspondence with
the different geological structure, relief type
and economical development.

Excepting some metallic and non-metallic
ores or power substances (pit coal,
anthracite), the surface mining potential for
future remains high. For bigger efficiency of

Figure 15. Power substances quarries ofhe surface mining activities, at country
substances sorts (1=lignite quarries; 2=pifevel, it is necessary a mineral policy.
coal; 3=bituminous schist; 4=bituminous
sand)
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P \G DQG WUXFENV LPDIHVISWIRYLGLQJ LQIRUPD
DVVLVW GUDJOLQH V\VWIBKHQRPHQD VLJQDO DPSOLW

,Q6$5 $SSOLFDWLRQ LQ OLC

7HPSRUDO DQG JHRPHWULF
NQRZQ DV WKH GRPLQDQW C
,Q6$5 WHFKQLTXH 7KH NH\ Il
VXFFHVVIXO KLJK TXDOLW\ L
LQGHSHQGHQW ,Q6%$5 GDWD
GLIITHUHQW WLPH HSRFKV LV
WKDW LV DFKLHYHG EHWZH
&RQFLVHO\ WKH EHWWHU W
ORZHU WKH QRLVH OHYHO RI
DFKLHYHG ZKLFK LV GLUHFW
SUHFLVLRQ Rl WKH GLVSOI
REVHUYHG ,Q ORZ FRKHUHQ
YHJHWDWHG DUHDV ZHWOD(
c DGYDQFHG ,Q6%$5 DOJRULW
SHUPDQHQW VFDWWHU 36 V
JLIXUH 'UDJOLQH ZKHUH WKH GHQVLW\ RI VWD
QRW DGHTXDWH

,Q RUGHU WR RYHUFRPH Wt
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$Q DUWLILFLDO UHIOHFWRU |
REMHFW WKDW H[KLELWV KLJ
5&6 RU DW OHDVW D KLJK VI
615 ZKLFK LV VWDEOH LQ W
6XFK DUWLILFLDO UHIOH

KDYH EHHQ XVHG WR DVVHVV
,Q6%$5 PHDVXUHPHQWYV LWVHO
WKUHH GLPHQVLRQ 3UDWL H
HW DO ,W KDV EHHQ
c GLVSODFHPHQW YHFWRUV Z
DFFXUDF\ FDQ EH DFKLHYHG
YLIXUH (IFDYDWRU WUXFX6HHWKHRAKQLTXH XVLQJ DUV
2Q WKH RWKHU KDQG DUWLI
NQRZQ SUHFLVH FRRUGLQDWI
JHRFRGLQJ RI WKH JHQHUDW

1685 7(&+1,48( ORZ FRKHUHQFH DUHDV
&RQVLGHULQJ WKH DERYF
,QIRUPDWLRQ S\UDPLGDO HIOHFWRUV RI

0
FWHG DQG L
M vo DGR Yy wuL

L QWHUIHURPHWULF 6\QWKHWkkq SHUS\WE@ by,

, Q685 LV D IRUP RI SRLQRPRIGUWIVOALBERX QG WKH
WHFKQLTXH EDVHG RQ UH EY N TSP W W

D VDWHOOLWH DQG WDUJHWWk K HyL Rk 46 BMEH LRDY
DUH FROOHFWHG IURP D VSl {k§ xBWHR 4R UZWKEK v w X ¢
WKHLU FRRUGLQDWHVY DUH YHU\' ZHOO NQRZQ D

WKHQ GLVSODFHPHQWY RQ SRLQWYV SUHOLPLQDU\
GHILQHG RQ WKDW DUHD DUH HYDOXDWHG E\ VDWHOOLW
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G
JLIXUH SHIOHFWRUV VHWWOHG RQ WKH PLQH VLWH

~

RXU S\UDPLGDO UHIGRH FWIRHUMRXZHYIRILQWY KDYH |
QXPHQWHG DW WKH JURXQ®QISRLDBYV DMHUUHVWUL
HFLVHO\ RULHQWHG VRIWNPM R UHVRBHIFGH YIR®R\G E\ X
IOHFWDQFH WR WKH GHYRHPDQAQ VS DAWMHWLRIQ W KQH P H
UD6$5 ; UDGDU LQWHUZKURK HDWH\DBISW\R[RPDWH O\
FK KDV D UHSHDW F\FOMW RH DERXGK DGHDIV $0 D UHV.
HU WR FRPSXWH WKH DFRERW®MOD WRIVLKMOLRED 0RQ W& AH
IOHFWRUV LQ DQ HDUWW KAFHRRHL] R Q WHDDOU WP SIREBQV
() IUDPH VWDWLF *36 KPHDKWUHPHSRMOHQWY ZKLFK [
LQJ /HLFD 6\WWHP DRIUR GVHKW Y FV W X6 \
UHFHLYHUV ZHUH FDUULHG RXW $M/HDFK VWDWLRQ
*36 GDWD LV FROOHFWHG wgb@ﬁﬁﬂw Q%@VPDJHV
ZLWK DQ HSRFKIJNNHUYDO R VHFR% v
WKH *36 VDWHOOLWHYV GDWHHIMRBARKLR/B WM@@@WNW%
5XVVLDQ QDYLJDWLRQ V\VQHpYHY) MlghQLILFDQW ZD\ L
ZHUH DOVR FROOHFWHG L h@@ﬂuﬁﬁ#Jxﬁwé w_ HHT VRGP
JRRG VDWHOOLWH FRQ %ﬂﬁﬂﬂ&N@# 685 WHIQYRUV L
REVHUYDWLRQ WLPHV HHQ RSHUDWHG 6WDUWLQ.
7KH FROOHFWHG *36 REQ@&QBML@@VH§H9ﬁ$5: DQG
SURFHVVHG XVLQJ /HLFD *HRWHOQGHWERRW MUH&RVPR 61
EDVHG RQ WKH GRXEOH GLYH HGE b QUWIKY SFOAMLEL
PHDVXUHPHQWYV 7KH LARBRIWG Y LWEK BHWYLF UHVRO)D
FRPELQDWLRQ PHWKRG KD@ QHQPBG@@M)(B& W H1XOC
SURFHVV IRU DPELJXLW\& &F 6 NARRNGK WKWYPWHOOLW
JHRJUDSKLFDO ODWLWXGH %.QM\% D Oy H
S
Lo

X __CAONNCWOnT
<gpTICcAITITC®D

IT

URMHFWLRQ QRUWKLQJ F RRU®ILQI wW k¢ +
SURWHEWLRQ I
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DSSOLFDWLRQV 7DQ'(0 ; D@GDRMMNGBDQYDW &PRFHOH[ £ 668§
RWKHU H[DPSOHV RI WKH OWXIH VAWV ROWD WRHIO SUWRHNYV
WKDW FXUUHQWO\ FDQ DFHDPSIOJH @GHDW DQZGWW DEaSHY KHU
VA\VWHPYV ; ++ 6$5 LPDJHV DFTXLUHG R
7KH FRPSOH[ VLIQDOV LQ WRRPGIDUWPHDIHV

DUH XVHG IRU WKH JHQHUDWLRQ RI WKH
LQWHUIHURJUDPV E\ FUHDWEEQHI D7|SI+L[EDV\Z[D.\R|‘E LQH"
FRPSOH[ FRQMXJDWH PXOW QDO W
WKH VDPH FRRUGLQDWHVl ; ‘
LOWHUIHURJUDPV WKH SKDV

% 3 UHVXOWV IURP
SCVHEQ LQ (TXDWLRQ

WKH IROORZLQJ FRPSRQHQW
6C ++4

- (OHUURUGLV-DWP-Q 6C ++4
ZKHUH ,0 ,PDJLQJ OBROGIDBLVDWLRQ 67 6WDUW 7
‘(onuury WKH SKDVH GXH \NJR'FV\DQQ H$UFR—@JHQFH $QJOH PLQ
FRPSRQHQW RI' WKH 'LJLWRGLIRG MRODWY P RVBL R LEKGLRIR QWD
'(0 XVHG IRU UHPRYLQJ WV('ﬂHV\lh@MWUMWLSF LQ WKH s
SKDVH ZKHWKHU WKH EDVHOLQH EHV

-GLV WKH SKDVH FRQW ULEXWRLRUY DRV HI WRRX GEHWHU P L C
GLVSODFHPHQW RFFXUULQXHHEHWBYHOQQWKRI WER GDWI
6$5 LPDJHVY DFTXLVLWLRQ @RWIH WKH FULWLFDO EDVHO
-pwp LW LV UHODWHG WR Wﬁhs@\MEBMQK#WWEH%DWHdH E

FKDQJH FDWH
- LW UHSUHVHQWYV WKH E MSW
Q
WKH UHVLGXDO QRLVH HII g/y %\Nﬁéﬁlﬂ&%%m(
DQG V\WVWHP QRLVH H 7

6LQFH WKH SKDVHV PHW&—\"&FUgQW@HD@QB BHVF
LOQOWHUIHURJUDP DUH zZUDS&AHG LWL Wik &ERORER MHEDLRXHO DA
WKH JURXQG GLVSODFHPHQWXPWOREH UHWULHYHG E\
SKDVH XQZUDSSLQJ Rl WKJ LOMIRUIHURJUDP
*ROGVWHLQ HW DO &RUVHIXHQWO\ LW LV

SRVVLEOH WR FDOFXODWH WK\iH G HWRUR/D W b B @ GHbIWVIHQONV
IURP WKH GLIIHUHQWLDO ngqhm%%bwtpp\quK HHO

SKDVH LQIRUPDWLRQ XVH 65"
JLYHV D PLOOLPHWHU FH S} (0 0\
YHUWLFDO SUHFLVLRQ J vg

ODVVRQQHW DQG )HLJO dDVD HL @HG E\ (TXDW

GLVSODFHPHQW FDXVLQJ D SKDYH FKDQJH RI

L H RQH IULQJH LQ D WHUIHURJUDP

FRUUHVSRQGV WR IRU /2 bL MOV L R@ ZRDAMKWHQHG

LV DERXW FP IRU WKH RWHDEHEYRIUDEDKYDY EHHQ

LQWHUIHURPHWU\ SKDVH XQZUDSSLQJ DV VHHQ
Q RUGHU WR GHILQH GLVS,Q)D/\FI-H-ILB’II—H—ICDJWJFU[DSD RKDWKHEHHQ
W PLQH 6%$5 LPDIJRUSAHWWYIRDYHVEROYMH E DPE

SL
VVHG IRU GLIIHUHQ WJLIW(}PWUﬁi"LLd-ﬁGMOJRULWI
IHURPHWULF SURFHé/L\/I HRJl Q685

H
U
OLQH HVWLPDWLR QL Bly (0 K
ODFHPHQW PDS KDV Rﬁ\él# W P
QJHV RFFXUUHG RQ WK

SLW PLQH EHWZHHQ DFTXUb GDWHV RI WKH

GDWDVHWY 7DEOH SUHVHQWV GDWD 6LQJOH /RRN
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7KH GLVSODFHPHQW PDS VMKRIDMHD(ZUGKULPD D )LIXUH
WKDQ RSHQ SLW PLQLQJUHTKH ROIRIDHGELFDWHDY SRLQ\
WRSRJUDSKLF FKDQJHV ZKLXEVDGHQREMFXTKH G MW HV K|
WKH RSHQ SLW PLQLQJ FZQODON®RVEHE W PP R{HG RQ P

JLIXUH )ODWWHQHG DQG ILOWHSBGUMQWHUIHURJUDP

J)LIXUH 'LVSODFHPHQW PDS

OHWKRGRORJ\ 8VHG )RU 7KL

7KH PHWKRGRORJ\ GHULYHG |
PD\ EH VKRZQ E\ D IORZ VKHF
YLIXUH JLUVW RI DOO D \
DFWLYLW\ LV SHUIRUPHG 'XU
LQIRUPDWLRQ DERXW PLQH

VXUYH\LQJ PHDVXUHPHQWV Zt
UHVSRQVLEOH HQJLQHHUV 7
DURXQG PLQH LV GRQH IRU Gt
SRLQWV %\ XVLQJ /HLFD 6\V
PHDVXUHPHQWY DUH FDUULH:
KDOI WLPH DORQJ LQ RUGHU °
EHWZHHQ VDWHOOLWH DQG L«
SURFHGXUHV DUH IROORZHG

JLJIXUH 'HIRUPDWLRQ DOPRHFEWY vHY RERERYC  UHIOH
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DQG EXLOW RQ WKH PLQH WHH$D LZK B\W & HRD LMQRMH Q [OBBI8 )
RIILFH 7KHVH UHIOHFWRUNRQIr_IWPFIzUvV‘DQJEd_OptﬂI@(EQE\ GHIFE
FRQFUHWH DQG IL[HG RQ Wi hb0\$/lﬁv \K/'ﬁzLEH SHUI

WKHLU FRRUGLQDWHYV ZHUI—b FQ
EHIRUH $IWHU DOO WKHV Ig H
VDWHOOLWH LPDJHV DFF

SRLQWYV ZHUH FDSWXUHG g% % \L K“
WKH HQG WKH REWDLQHG

éJL(
LOQWHUSUHWHG &RQVHTRRBWALQLE \h
HQJLQHHUV VKRXOG EH DO#RAMNE UL | WQUM[FERKMWWQF
GHIRUPDWLRQ LV H[SHULHQRPMEHUIHURPHWULF SDLU LV
DSSOLFDWLRQ D VPDOO VSI

,16$5 01 VPDOO WHPSRUDO EDVHOLQF
OHDVXUHPHQWY DUH UHTXLUHG HVSHFLDOO\ L
| 6LWH ,QY |
$&.12:/('*(0(176
,QIRUF
$XWKRUV GHHSO\ H[SUHVV VI
3R WR 7.4 DQG 2UKDQHOL 2S!
GHVLJQ ODQDJHPHQW DQG HQJLQHHU
ODQDJHU 'XUVXQ $OL 1%$=g.
3R VDW 8=817%u0 6SHFLDO WKDQNV D
OLQNE LV NLQGO\ SUHVHQWHG WR *)
SHIOF &HQWUH IRU *HRVFLHQFHV |
DVVHPH $XWKRUV WKDQNV WR ,78 U
VXSSRUWLQJ WKLV VWXG\ .
5HIOFL SURMHFW
IL[LQJ
YLIXUH 7KH IORZ VKHHW Eﬁ)&ﬂ@v‘?k(lge

$NoOQ + .XWR=OX + 6 .HF

"HIXFKL 7 ,Q6$5 VWXGLHV EDVHG

GLVSODFHPHQWY RQ =RQJX®GDN

&21&/86,216 7XUNLVK ODSSLQJ G6FLHQWLILF

7KH IROORZLQJ FRQFOXVL VHUEHRQG HEOIR Y QN 29D

IURP WKH FXUQUHQWQVWXG\&R’??XUJPDQQ 5 5RVH<§D 3% DQG
7KH ,Q6%$5 UHPRWH VHQVLP lr W\WXUDHFUDGD
EH DOWHUQDWLYHO\ XVHG (ﬁ% kaé?&z (RS w k
GHIRUPDWLRQ FRQWUROeFLVLQ HY gHUW
GLVSODFHPHQWY FDQ EH VF).HI-HJHQ\MIG E\ 6DYLR * %DU]DJk
$ VHW RI VLWH LQYHVWLJCDWUA ¢ v 1§HDPRUPH@UPNVG &
GDWD FROOHFWLRQ LQ WKH[S %—h E@% c
SDUW RI GDWD FROOHFWH#& AU DW LWH LPDJHV
ZHUH SURFHVVHG DQG LQWH*lHiSUHWH—DCQJ + & 5L]R‘0LQH

,Q WKH DERYH FRQWHQW Xﬁ_\WGlﬂ\QF\ﬁK PMEQ I C
',Q6$5 WHFKQLTXH LV IHDV “S@\ﬁq% dFJ)H\)OIk'l‘E\lF (QJI
FRDO PLQLQJ LQGXFHG ODQ@Q@\HWIR CRQHEMK +$
SRVLWLRQ RI ',06%$5 ODQG GHIRYPODWMWRIQ UDGDU LQWH
FRLQFLGH ZLWK WKH SRV ISWILRRY LR R By & HUBASRRLPESISQR
HIFDYDWLRQ 2Q WKH RWKHU KDQG LQ RUGHU WR
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-DURV] $ :DQNHS8VH RI ,Q6%$5 IRU
ORQLWRULQJ Rl OLQLQBURFRURDWLRQV
)5,1*( 'RUNVKRS )UDVFDWL ,WDO\

XWR+0X +6 $NoOQ + .HPDOGHUH +
'"HIXFKL 7 .DWR 'BWHFWLQJ LOOHJDO
PLQLQJ DFWLYLWLHNHY XRULNLIQ'] Q BI$N

,OWHJUDWLQJ *HQHUDWLRQV B6WRFNKROP -XQH
/L & =KDQJ < + +H - * [/LX * <XH + < :DQJ
5 ) *H / &RDO PLQH ODQG VXEVLGHQFH
PRQLWRULQJ E\ XVLQJ 6SDFHERUQH ,Q6%$5 GDWD D FDVH
VWXG\ LQ JHQJIHQJ +HEBHPRWRYLQFH &KLQD
6HQVLQJ DQG 6SDWLDO ,QERUPDWLRQ 6FLHQFHV

+

ODVVRQQHW ' DQG )HI5D0GD.U/
LOQWHUIHURPHWU\ DQG LWV DSSOLFDWLRQ WR FKDQJHV LQ WKH
HDUWK V \BHYIDHFEY Rl *HRSK\VLFV

i S

3HUVNL = +DQVVHQ 5 :RMFLN $ :RMFLHFKRZVNL
7 ,Q6$5 DQDO\VHV Rl WHUUDLQ GHIRUPDWLRQ
QHDU WKH :LHOLF]JND 6DOW OLQH 3RODQG (QJLQHHULQJ
*HRORJ\ 9RO oV + SS %

3UDWL & B5RFFD ) *XDB®ILHUL $ O
LOQWHUIHURPHWU\ H[SHURPBI!FA ZLWK (56
(56 6\PS 6SDFH B6HUYLFH 2XU (QYLURQPHQW
&DQQHV )JUDQFH 1RY + SS +

5DXFRXOHV ' ODLVRQV & &DUQHF & /H ORXHOLF
6 .LQJ & +RVIRUGROLWRULQJ RI
VORZ JURXQG GHIRUPDWLRQ E\ (56 UDGDU
LOQWHUIHURPHWU\ RQ WKH 9DXYHUW VDOW PLQH )UDQFH
&RPSDULVRQ ZLWK JURXQG EDVHG PHDVXUHPHQW
5HPRWH 6HQVLQJ RI (QYLURQPHQW 9RO SS

+

7LPPHQ / LD < S5HLJEHU & +DUWPDQQ 5

JLNVHO 7 :LQ]JHU : .QRFK :HEHU -
ORQLWRULQJ RI' VPDOO PRWLRQV LQ PLQLQJ DUHDV E\
6$5 LQWHUIHURPHWU\ LQ 3URF )ULQJH
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-LPOL YH .LOOL_ 7DEDQ uDUWQBUOI
hUHWLPL .OVUDNGHUH gUQH=L
L

LRQ D D EHWRISY
H &DVH 6WXGL

0 9 gJGR+DQ ' .DUDNXUO $ + 2QXU

'RNX] (\O*O hQLYHUVLWHVL ODGHRELWKHQGLVOL=+L %|O-P
& .OQFDO < .RFD

'RNX] (\O«O hQLYHUVLWHVL +HHRORMUO0O*KHQGLVOL=+L %]|O
1 & 2N ( 'HPLU

7.9 (JH /LQ\LWOHUL g0OHWPHWPD 0O¢HVVHVH 0¢GeUOQO+++ 6R

g=(7 *+Q+P+]GH DoON LUOHWPH +UHMN ADWBNQMW O HLIH H
YHULPOL ELU GHNLOGH \D\JOQLROBWBN %D 8&Q P D\WMNGERA
RODQ \HUDOWO <UHWLP \|[QWHPDRDQE& R|@MDEQQDWDD-ORPH
DoONOONODUOQGD YH DUW D@L NDHWGE P WIDQW NDHYQ Q Q HV
[QHPOL SUREOHPOHUGHQ ELULYV INALOO L%\WX DEDNDCPIDEGAD +
LAOHWPH *UHWLP \|QWHPL G H-DHNODHIP®L Y]IHDRO AN L U] V W ¥
NX]H\ SDQRODUOQGDQ ELULVL RODQ\HWIDHIRY KUNG|IROWH QE
Es\eN |Oo~GH DM ND]OVO Q@ D oMINOHV WY IWHVR.IQL ® 3
H LQLOPHVIQ NRMXBIXAGDH RIOMIM [E]IDNH |
QGD * 3DQRWSQYX*® EOW DNOYV®BmMED (D

GH
LQ
DQDOL]OHU VRQXF
UOQOQ ROXUWRUWDRELOHFH+-L VRQXFXQD

ND]O® uDUWOD

O

$%675$&ZUH SURGXFWLRQ ZLWK RSHQ GRWLFDQLRQ G IBW I
PLQLQJ PHWKRG DQG ZLGHO\ XWKREXDN WK B L\OHY HY®XV IVG
SLW RSHUDWLRQV DJDLQVW XQGHBENRXQ®BI BSMUDWHR Y
H[FDYDWLRQV FDXVH VDIHW)\ BIRE GH AV P L.Q LVQK LFHWKRG\
VORSSHG DQG RYHU FOD\HG OB\MWIX@J FRQBR /Q RQMR GH
.OVUDNGHUH 1RUWK PLQLQJ VH®MWR Q QIDOAWMWXRILABU Tt
GHHSHU OHYHO VLWXDWLRQV $AHDHU BV XPXW \RH GV R M/ IVQVIX
KDYH WR EH OHIW DW * + SURGWIFRMLRQ SDQHO IRU VDIHL

*g500 HQG*VWUL\HO KDPPDGGH\H X(
$00ON LUOHWPH PDGHQFLOLALHYH@PHO \DGODPONIGBILU
PDGHQ \DWD+0QD XODUGPDNJHWDFIOQAQQ RENBDOWON L

WRSRJUDI\DQOQ LU PDNLRMHOHWYAL OWD-WG OrOHODRDSOO0PE
ND]JOODUDN *«UHWLOHFHN FHYKHUOHMUYRQ \bG3/m N|P+U
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23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

/1$%25%$78%5 d$/,00%/%5, EXOXQDELOLU UuHNLO GH

.X]JH\ .OVUDNGHUH * 3DQRQY @@QWP@@@D LOL QXPX(
QXPXQHOHU +]JHULQGH \D% PPYBERRBAXD WHULOP
GHQH\OHUL PDO]JHPH HHé@EH%HWHYEHbQBb¢W$ML
ROPDN «]JHUH ]JHPLQ YH ND\D PHNDOI I

GH Q H\OHUL RODUDN JUXS( Kayma Direnci Parametreleri U
DOWOQGDQ DOOQDQ WDE §°% |
PHNDQL+L GHQH\OHUL N|P
ELULPOHULQH LVH ND\D F
\DsdéorPOuwlOU QFHOHQH
QXPXQHOHULQ KDULWD <]H
JHNLO §YGH YHULOPHNWHG.L

w E=
Q (=]
(=] (=]

T=04793g+2.1117 H
R?=0.9676

—
Qo
Qo

<
<]
S|

KaymaGerilmesi 1 (kg/cm?)
%]
=)
=]
o

T T 1
0.00 2.00 4.00 6.00

Normal Gerileme o(kg/am?)

1XPXQH 4G0O° .RKHJ\RQ & EOVﬁO~6-U *QPH
NJ FP $00VO 3 | f
UHNLO gQFHOHPH DODQO

DOOQDQ WDEDQ NLOL QXPXQ
ND\PD JHULOPHVL LOLUNLVL

7DEDQ NLOOHULQH \DSOOD
\DQOQGD D\UOFD N|P«UO+ WD
VHYL\HVL RODQ YH GHNDSD
PDUQODUOQ 0 ELULP] KDF
NRKH]J\RQ F YH LoVHO VeU\V
GH+HUOHUL WHN HNVHQOL EI

UHNLO $OOQDQ1XPXQHoﬁQH% %NMW@?hﬁBY%@R GHQF

“IVWHULPL DQDOLH.OH HOLUOH
0DUQ QXPXQHVL LOH WDQOP!

gQFHOHQHQ E|OJHGH AP B VRO Op oV 1Y Bt QXPXQHOH
NOVOPODUGD \eNVHN GHYJHUWRSRYW ?HGL
WDEDQ NLOLQLQ NDUDNMHNH_QR#@P@PHUHH%%%Pﬁb :
HWPHNWHGLU .LOOL PDO] ? %{ﬁﬁkHﬁﬁgREDC? oo
YH LoVHO V+UW+QPH DoOV '*§ SEHEHUOEIROE NG Q H
NHVPH GHQH\L LOH WD\L ”H@EHH&@H&HMW@@#@WHGL
)DUNOO® GeGH\ \eN GDUWODUOQGD PDO]JHPH\L ELU
G+]JOHP ER\XQFD NHVPH\H JRUODQPDVO
SUHQVLEL LOH 0oDO®GDQ GLUHNW NHVPH GHQH\L
FLKD]JODUOQGD WHNUDUOO GHQH\OHU \DSOODUDN
QRUPDO JHULOPH ND\PD JHULOHPHVL JHULOPHVL
LOLGNL EXOXQXU %<Q\HVLQGH EXOXQDQ VX
LoHUL+<L\OH Z PHNDQLN |[JHOOLNOHUL DudUd
GH=LGNHQOLN J|VWHUHQ NLOOL YH VLOWOL

PDOJHPHOHUGH JHUOHNOL g¥iRIQ %00 Dy HRYNOR@Q V{0 0
LOHULNOHULQGH GH GHQHApQ AVHNUDUODQPDVO o
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dL]HOJH 6DKDGDQ DOOQDQQQAXIPEAHORIQXdABDUQGH \D!

%LULR @oVHC
1XPXQH 6X LoHUL+#DFLP| .RKH]\RQ6:UW-+QP
1R $+OUOONNJII FP $00V{Q
JU FP

pHN (NVHQ®HNPH
%DVOQo'D\DQOPO
'D\DQOPO 03D
03D

%LULP

0

U(9 67%3%p@/o7(60 $1$/6=/(54°YHQOL~ LQLQ VD~ ODQPDVO

$00ON RFDN LUOHWPHFL ?:‘ 9%9[1% D\ OgDP[
JHUOHNOHUWLULOHELOPHYV WDI
*]JHULQGH oDOOUOODQ ELU

EXOXQPDNWDGOU %DVDPD g P}

EX SODWIRUPODUOQ QLKD
ROXUWXUXOPDODUO JHUH
.OVUDNGHUH NX]JH\ SDQ
GHUHFHOLN N|P+sU H+=LPL Q
ER\XQFD \XNDUOGDQ DuD=+
cUHWLPL V|] NRQXVXGXU

UHNLO GD YHULOPHNWH
J|UeOGe+e JLEL VW NRWO
E|OJHOHUH \HQLGHQ 00
ROPDPDVO N|P«U YH GHN
DOW NRWODUGDQ VD+0ODQ
LOH EDVDPDN UGHNOLQGH
GX\XOPDPDNWDGOU %X \|Q

QOQ WDF
RFDN

*P VRQUD

%X QHGH:(

o %
ﬂ¢ §§%§ i o
VeUH\

hum ¢

SyB08RE

quﬁz

HNOL UHY

OHNLO * 3DQRVX J|UsQW+Ve .OVUDNGHUH .X]H\ 3DQR
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23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

.LOOHULQ VX LOH WHPDVO QHWLFHVLQGH GD\DQOP

[JTHOOLNOHULQLQ WDPDPHQ GH+LUWL=+L
\XPXuDPD\D ED+OO RODUDN NRKH]J\RQ F YH
LoVHO VeUW+QPH 3 DoOVOQGD D]DOPD
GD\DQOPODUOQOQ DIDOGO=+0 ODERUDWXYDU

GHQH\OHUL LOH RUWD\D NRQXOPXUWXU %XQD J|UH

VX LOHUL<LQH NDUUOOON RODUDN LoVHO
VeUW+*QPHDOIRKBI]\RQ N3D LNHQ

VX LOHUL+LQGH RODQ QXPDUDOO
PDOJHPHQLQ LoVHO V.OW+.QPH DoOVOD
NRKH]J\RQX N3D GH+HUOHULQH
oONPDNWDGOU QROX QXPXQH NOVPL ND\PD
PH\GDQD JHOHQ ELU E|OJHGHQ DOoOQPOuwoOuU
7DEDQ NLOOHULQLQ VX LOHULNOHULQLQ EX GH+HUOHUF
XobuwdO+0 E|OJHOHUGH WDEDQ NLOL KDUHNHWL V]]
NRQXVX RODFDNwWOU 7DEDQ NLOOHULQGH
ROXUWXUXODFDN EDVDPDNODU VX\XQ \¢«]JH\GH
NDOPD VeUHVLQL X]DWDFDN YH VX LOH WHPDV
\e]JH\ DODQOQO DUWOUDFD+O LoLQ oRN WHUFLK
HGLOPHPHNWHGLU %X NLOOHUGH ROXUWXUXODFDN
EDVDPDNODUOQ \DWD\ \¢«]JH\OHULQGH NOu
D\ODUOQGD ELULNHFHN YH\D DNOu KO]10
\DYDUOD\DFDN \¢«]H\ vXxoDUuOb NLOOHULQ
GD\DQOPODUOQO D]DOWDFDN HQ |[QHPOL
IDNW|UOHUGHQ ELULVLGLU 6DELW H+LPOL ELU \DSOGD
\¢]JH\ vXOoDUOQOQ R\DODQPDODUO GDKD ]RU
RODFDNWOU %XQXQ \DQOQGD JHUOHNOHUWLULOHQ
GHY VWDELOLWHVL DQDOL]JOHUL VRQXFXQGD PHNDQLN
[JTHOOLNOHUL EHOLUOHQHQHNDOHQ L Q6 WDDHELDQ WH ODGIIO
\eNVHN QHP LoHULN®HWH BRHNREXP X
ELU DoOGD ND\PDNWDGOU %DVDPDN
ROXUWXUXOPDVO GXUXPXQe\ILQEDVDPDND®L ALY HIHYD QR
DoOODUO EX GH+HULQ <JHULQEWPROD VPO RODYD DGDU
RULMLQDO GXUXPODUOQD PGB |QEXOXYG XIUXDEDN
GH+LGOH EDVDPDN RO XMDMOUXAYHEULGDXIO P W O U
PHYVLPLQGHNL \D+00 VRQXFHUBIGDL NEXBO@QDQ 35RFV
EDVDPDNODU ER]XOXS HVNDL]KDDRQGIGDHOBKOROLWOU
EHNOHQPHOLGLU %X NDSVDPGD. oDOOUGPDGD L‘jQHﬁ@LP%HbW
VWDELOLWH DQDOL]JOHUL 'rl";,j;
gQFHOLNOH SDQRGD VDKD Q%I%,b%cb% Wéﬁﬂ% XVHD
VWDELO RODQ SDQRGD JH JI_@Q@CM;]:L\FD&QE]L - W . YPHh
ODERUDWXDU VRQXo00DUOQODSIGR=ANOMBRQ X $AHAL W
HGHELOPHN DPDFO\OD GR+UXOWXWDUISO gHNLQCHUKRY
YHULOHQ KDW ER\XQFD G“?@%‘)GHW NHVEW-W-H—GH Y
VWDELOLWH DQDOL]JOHUL JHYpHANOHITWLULORLTUWLY
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.D]O gQFHVL U0HY 6WDEHOOWHNVLQOE X\XuPDVOG
'"H+HUOHQGLULOPHVL NHVLWWH JHUOHNOHUWLULOH

.OVUDNGHUH NX]H\ SDQROleJ'?j'g/GD @X3Lb>g°Rv'x KQLOJLOL
ND]® |QFHVL RODUDN GRQROd RJL(B@L%L@Q(GD aH
BB [lUW NHV

E|OPGH SDQRQXQ oDOOuFQﬁ;b 9
WDULKWHNL PHYFXW GXUXBR Y OWILFONPLHN W HPG L UG T C
%XQD J|UH DoON NJ|P-U D\‘U—QV@JH GHpYHULOPLUWLU
NRWODUOQGD WDEDQ NLOLQYLK DY LMW WA G iy ¥ HYy MW
P NRWODUOQGDGOUVRQ/MXQ%@XFHQJGH HGLOHQ
\DNODUON P \eNVHNOL+BZER'\9H R WpDdHIHL ROGX =3
RH+LPOL ELU GHY \DSOVO EXORBREWWDEBWVDYEHDUO
IQFHVL YH ND]® VRQUDVA-OHVBERORWHVRYpoNdQuL F
NHVLWOHULQGH MHRORMPYD GRYPAV\RDOBE\*N |O«
JHQHOOHUWLULOPLU Y H Gle\JdJ'@Lb'@QQNhiIWNQ\?;LH HGL
JIJHWLOPHPLUWLU yD\O D D&Y D\ OQWWQV‘EQIS ID]JODG(
JIJTHWLOPHPHVL VWDELOLWHINOB QPR 1R U IRARKHYOOO-
VRQXOODUOQO wDUWO® a6 o ¥ WHUP HNWWHG B Hw ¥ HEQ B
G+U*Q+OVH GH ND]O oDOOuJD"b@EHLB\'@@'@W %'S@WW\D‘—Lb
EJOJHGH KHUKDQJL ELU I®WVL &b PPN QQ E[OJH
ROPDVO DQDOL] oDOOuPDNJ%\MVS DV@Q&%%W@QQ
JHUOHNoOL RODFD+0O GH+-HU®X VL QIXS 6 BB Y WPG @
%X NRQX\OD LOJLOL ELU GN_R U]\'&@Hﬁ@LGKxBNVLL\@I-HWLF
ND]® |QFHVL ID\ HWNLVL J|EH NoIFQnONr'\}\LSL- QRORBB\®®RQ\*]H)
VWDELOLWH DQDOL]JOHULPH\®RRXRJID BUESQEH\NWLU

D ' HVLWLQH DLW DQDOL] E ".HVLWLQH DLW $QDOL]
F " . HVLWLQH DLW DQDOL] G ' .HVLWLQH DLW $QDOL]L
OHNLO .D]® |QFHVL GHY VWDELOLWH DQDOL]JOHUL
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23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

|PsU .D]OVO *HUoHNOHHWYN@/'ﬁi‘éL@R b@LUYOHQHELOP
GHY 6WDELOLWHVLQL "H=HUH UL\'ﬁ'?’@I PVOQGD JHU«

~ L HNMN
.|PU ND]JOVO JHUOHNOHU W U uDI
ROXUDFDN WRSRJUDILN GX IZfU % ?(5)8
NHVLW «JHULQGHQ GH=~+ HU é/ lF,LLW %%B(VOQC
GH+HUOHQGLUPHQLQ \DSQg : \ODy 1 ‘
oboOuPD VDKDVO LOHULVL\ 9698] Ul
NXOODQOODUDN N|PsU WD \\6)% § (zl& P
PRGHOOHQPLUWLU .|P-U VOYR o ] HQOL
EXOXQDQ E|OJHGH NRQXPORQR %P»—a\%/v L'EJ\ Do X E|OJH
. . . . . . [
JHUOHNOHUWLULOHFH=+L E| G%v §1L[J\IOH

DOPDNWDGOU %X GXUXR

HGLOPHVL HVQDVOQGD \¢ ULHVYNLV\;
H+LPOHULQGH 0DOOUOOP DY W %LU\/F
g]HOOLNOH VX\XQ HWNLOL \PD
SLoLPL LoHULVLQGH NLOL L G%

PH\GDQD JHOHELOHFHN G-q: ’ EL
NOVPL ND\PDODUD QHGHQ O%Le%c%%(\)/é v

D .D]O 6RQUDVO f .HVEWDH6RIQVW DV OLY.HVLWLQH |

F .D]O 6RQUDVO 1. HV/LGV LYY BRW UDQMO LY. HYLWLQH C

UHNLO .|PU ND]OVO VRQUWDIVO GHY VWDELOLWH DQD¢
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OHY  6WDELOLWH %%%@ LUHWLP IDDOL
'H+HUOHQGLULOPHVL YHR Fi—|HGHELOPHVL
dDOBGPDODUD NOVPOQG WRSXN _EOUDNO

Y%

.D]0 |[QFHVL SDQRQXQ
GH+HUOHQGLULOPHVL VvOU
DQDOL]JOHUL LOH PRGHOO
SDQR VvVOQOUODUO LoHULYV
GHULQOL+LQH NDGDU +U
|Q*QGH EXOXQGXUXODUDN
DQDOL]J]OHUL VRQXo0DUO

YHULOPHNWHGLU

,%%P-ﬁ e

éyp %D'Deﬁ}:

L]HNLO GH YHULOPHNWHGLU

dL]HOJH OHY VWDELOL\&lB LBQ[S)Odr]BH \I/§|8 GDH =D

VRQX00DUO VHYL\HVLQH NDGDU GeUP-GW

4

.D]6 FHVL {iHkY
]GW%?ELCL '?GBVSSEJFN@VPOQGD LVH EOUDNOODQ
.HVLW 1R $QDOL]C X P VHYL\HVLQGH
(PQL\HW'@L% OL]L (PQL\

W VD o8B RMHOHQGLULOHQ DoON L
.bwWvD19ondd VHYL\HVLGLU YH GHYDP

IDDOL\HWOHULQGH N|PeU H
'L+HU WDUDIWDQ SDQRQXQ |
NRQXPODQGOUOODQ ND]JONOI
LOH \HU GH=LUWLUPH PLNW

HYL\HOHU <«J]HULQGH DoOC
dL]JHOJH GH J|U:OG-=- J'—ﬁl')(\NbD HO‘Ull"d\{—FPéHYDPoo R
JHUOHNOHUGWLULOGLNWHQ ;WRQUBD ROXELKBANE BREBPRAWD |
JHRPHWULVLQH J|UH \DSQQB@M%@DO/ b O%MIb |oF
DQDOLJOHULQGH * 3DQRVXulFrPV\‘(LQN5|EQ_‘U'|_ K\EH pQpdloL]ot
QR OX NHVLWL NDSVD\DQ héqb(pllbe ,q_HVH—UDQd_N WODU
NDWVD\OODUOQOQ DUWDQNIPH Y & % |§_|I-ij-|_(R|lO\Q PHY

GHY ND\PD ULVNL \¢NVHN RQB\ 5 bléH HQRLUVkK QD
%XQD JIUH \DSOODQ GH+H YRHGH E*\N

|OoeGH GHNDSDM ND]OVO "JHUOHNOHUOWLULOPLU

UHNLO * 3DQRVX ND]O |QFHWIL\GIXWUXWPX]FHEXUXP VH

6218d/$5 0*HVVHVH 0¢G> uo-+- WDUDIOC
.OVUDNGHUH E|OJHVL NX]HE’%‘E} RPOHUG pHPL el
cUHWLP IDDOL\HWOHUL 7%0 l-@H/L \‘Wdli# E"WPH GH

ODUO EHOLU
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\DNODuPOG DUWDQ RFDNXGHIWQRAL+WOGH %>6OWN |O0-C
LOUOHWPH GHYOHULQLQ \DSOOPELORWBQHEIDQRGD NLC
GH+HUOHQGLULOPHVL LMOMH@ARHWIOL BLtQGHPHLOGH GH)
JHOPLUWLU 'L+HU WDUDIWIDR ROXWDDEGW O HN @ VPIHYE D
N|P+U GDPDO&DKLS H+LPOMREXBoEDUDNOODUDN o0DO(
LGOHWPH <UHWLPL VOUDWUNEDD NNRQ@XORXWIYMH EX G
D\QDODUOQOQ «vw NOVPOQTDOWIHBD@H N ILO\I| QUHY@GLUULLQA R
ROXGWXUXOPDVOQO JHUHNWDSPIONMWHORWOL]®XUH J|
obOOuPDGD .OVUDNGHUHN|PXUHWUHWOQPHVRDOL\HWOHUL
SDQRODUOQGDQ ELULVL WIONGE HG@EDOPRVVXNQED % XQD
GHNDSDM YH N|PeU +UHWORPORDOL\HWO HVUW .

P VHYL\HVLQGH LNRI@PDN +<PHUH WRSXN EOUDI
VHYL\HVLQH NDGDU cUHWLP \IPSOOFPHBVYD\HVLQH
GXUXPXQGD ND]O WP RDPODIQPIGUIWOU 'HYDP HGC
GH+HUOHQGLUPHVL U(GHY WWDEQBUWGRL® CDOHFHHUL\OHF
\DSOOPOUWOU %XQD JJUH ND]OQOQ HPQL\HWOL RODUI

3DQR\X NDSVD\DFDN U(HQLQGCE P HNOWH®L)
PsKHQGLVOLN MHRORMLVL oDOOGUPDVOP VRAWHXQWGHY L\H
E|OJHGHNL 'R+X %DWO X]DQOP®GONRWXONHOR\HVLQH N
.OVUDNGHUH ) ID\O WDWUDHWQBD @ INHMHW®IHWL VOUI
WHNWRQL]PD\D ED+00O ROIDOBRHRWRANDEL NNPJON |Oo«P
GDPDUO H+LPOHULQLQ ) VEYQLQH -1BENDQGWOAONODDODQ f
DUWWO+0O VRQXFXQD XOWHVOAROH®IOHQ *LNQ@RQRPHW
N|PeU sUHULPL DoOVOQGDQHGH-+HNIDHH®IGL U XGULHYQBGIHF
LVH ND]O \DSOODFDN VOQQJHXDAL NOMUINILQGEH|Oo0+POHUL
P VHYL\HVL DUDVOQGD WHRWRQL]PB\DL@BHO W HVEPW HC
DuwouaobubQbQ J|JOHQMBPUBNWHWMRQXNFXQIPHYVLPVF
xobuborPbuwdu RODUDN J|JOHQPHNWHGLU
3DQRGDQ DOOQDQ WDEDQ NLOL YH PDUQOO
VHYL\H QXPHQOHULQLQ LO&¥H®/$SDUDPHWUHOHUL
\DSOODQ GHQH\OHUOH NDUDNWHUL]H HGLOPLUWLU
%XQD J|UH |JHOOLNOH GHY(VHPORL\HWL DEEXOQ®GBIRGLVW
GH+HUOHQGLULOHQ WDEDQ 1NLO %@m§@%% |9\¥E‘roﬁ
LoVHO V.UW.QPH YH NRKHRE 'Y HDL0oI
GH+LUNHQOLN J|VWHUGL=+L +DQFHRROE X, 0NL1@1leR\AN
JHOLULPOLOL=-LQLQ GeUG°*N RI@PDV*O@)Q?}H)GH@_ L(OHuIKFOJ]_(DlO A
ELU GHNLOGH GR\JIJXQOX=D 9@(&5 Y
ROPD\DFD+® WHVSLW HGLOP i HVL%JFOQ%F;{? nQLYHUVLY
3DQRGD uHY HPQL\HW§ mkaMQUQCsL*— gQF+0 0 .
PHYFXW GXUXP LOH DPDODWHQDO@U yMMIWHP 6W DBIGHW H
IDDOL\HWLQLQ WDPDPODQ[?F*S @')GDGQM?PO PRYE  +RHN
EHOLUOHQHQ G|UW NHVLW, 5&\5";@0(@%}5 ;B%L‘ﬁw\(sw&'?& L\
DQDOL]JOHUL \DSOOPOuWOUSDgoR)m(D WwH SDQRGD
PHYFXW P VHYL\HVUIQG HE ALWWRD WHOGWPHOHUL g5
P VHYL\HVLQH NDGDU NIB-]@ §DISHVOREP O -IP-U .DJOV(
GXUXPGD EDWO NOVPOQGDUR'BP®CHpBITHWLH 5DSRUX
DoOVOQGDQ ULVNOL GXUXPODU ROXUDFD+O VRQXFXQD
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23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

(OHNWULNOL <HUND]® $UDoODWLBOQGDF
ODOL\HWLQL 'H+LGWLUHQ (WNLOH\LFLO}

SDUDPHWHUV &KDQJLQJ 3URGXFWGYOQW
&RVW RI (OHFWULFDO (DUWKPRYLQJ (T>

OHWLQ g]GR+DQ
gGHDO ODNLQH 'DQOUPDQOON /WG uWL $QNDUD

g=(7 %X ELOGLULGH HOHNWULNOL PIDQGHQH\NDND \PNOBRIE
HWNLOH\HQ GH+LUWLUJHQOHU QQPUDHQ®OQWND\D% XQ B
Ee\eNOe++ YH |PUes LOH X\XPOX RORDY® DROWDEOR&RD MHN
ER\XWODUOQD YH WDUOPD DUDNQORUABQDQRXWPOXHROP
X\JXODQDQ EDNOP RQDUOP SURJUDPYH W R KO \HFEH I$ R
LOLUNLQ HWNLOH\LFLOHU 6 Hd.cD E® O HUNDG 6 QoHQ WP
LQVDQ J*FeQ+*Q QLWHOL+L GHWHRLWIH N @ RO-RMWLEHQHQWHHL
DUDoODUOQO YH PDGHQ LUOHWRHYVLQH EDRHMWHQY MNNQ DL D¢
GL]JHOHQPLUO LQFHOHQPLGU YH WDUWOuborPOuwoOU

$%675$&7Q WKLV SDSHU SDUDPHWHUV HIQGFWRQGE ISR E
HOHFWULFDO PLQLQJ VKRYHOVKBIDKELMQNXG I7HE KOIGIFW i
EHLQJ LQ FRQIRUPLW\ ZLWK W IOH |HIRFEINWSKIR SHWW ZKW Hl
SURSHUWLHY RSHUDWLQJ GLPH@WRKQ\QRIZMWKK WRKKLSE
WUXFNV 7KH SDUDPHWHUV W KIDO\G DUHE DJHWD BWR GU VRV P
SURYLVLRQLQJ DQG SDUWV VWKRF SDQD PG HUXS SBUERO(
H[SHULHQFH DQG WUDLQLQJ RI BBHUDWRIPN FDQ® WWHIDL
DQG WHFKQRORJLHV XVHG 7KH QSIVWOLPIHMLHRWY DFQRE FPHDLOC
PLQLQJ RSHUDWLRQ LH SHUIRUPDQFH DQ@®HOVX

*g5@ 0

<HUND]O PDNLQHVL FLQVV§§\DN HIP 3&@% .5[]),5'583\\"

ND]OOOS \+NOHQHFHN | JHO
FHYKHULQ |JHOOLNOHULQH o ]Y]FgDUOD
*UHWLP NDSDVLWHVLQH

v
VHOLOPHGL=L |QHP WDuouE WHN%%R SO?S(N?
cUHWNHQOL+LQL HWNLOH\H N Q 0 (} LuNLIJ_Q

GL] QHELOLU <HUND]O

231



0 gJ]GR+DQ

|[JHOOLN GHQJHOL VD+ODP NHEQHELQOLSFTBRGHQ .$<$d
LIOHWPHOHULQGH NDQOWEGDRAOU(5a/ON 9pUOIR2&S.
\DSPD\DQ EDNOP YH RQDUWARPGh6MRO®(\ gO5h o/ (
NXOODQOFO DoOVOQGDQ UBK®WSDRUDPEO DU ROBBA¥ OGOU
<HUND]O DUDFO ND\DWDGOWO X\XPX ROD+DQ+VW-
|IQHPOLGLU <HUND]O DUDFOp N0 D WHIN OWWROD GHP OFHY
RODUDN *0 NHSoHGH GROQBEXIPIDNIHAYH.- HSIGUH  VHo
vD\OVO DUWWONOD PDNLQHRLRLEANOQHGEDNO® \RQUODU
VHIHU VvD\OVO Ge<GHU 3DWHUWRQrYHHNRRUDRDWPDQOQ
%X GD ND]O \*NOHPH NIUGHUPWULMQURD]DU oHNPH
DUWOGO DQODPOQD JHOLU G|QHU NHSoOHOL \HUND]DU F
\D GD KLGUROLN \HUND]DU
'"HOPH YH SDWODWPD \HIONHPQAHUL YHONPHELOLU
PDNLQDVOQOQ NHSoH KDRPHSoHIH VHYROMU VHOLOHE
RoPDOOGOU EDVDPDN NDWMIOPIER NDWPDQOO W
JHYGHPHPLG WRSXN NDOPPRDOWAOUN|PRUO YH OLQ\L)\
EDVDPDN \¢NVHNOL+L NXOQNDQAOO®HRU OHUNDIHYO QD1
E+\eNO+++ LOH X\XPOX RORDOOEEDUOIHQRHIHPDQLW EI
NXUDO EXP XFX PDNDUDWEXQOBVBNOWWQNDWPDQODLU
JHOPHPHVL \[Q*QGHGLU NDPODWERDN U WRSUD+OPV
\eNVHNOL=+L \HUND]DUOQ ROXUPWNWHR CELX LRH] GH VO\
HWNLOHPHNWHGLU .|VH YHQHWWNNHSoHOL \HUND]DUO
$\UOFD NHSoHQLQ EDVDPDHRIHWOIPDHGOHNMPULNOL \F
NDOOQOO+0O GD *UHWNHQO LsN-OMML FHLLONHU W “\NHHOW bPLIHQLL G
HWNLOHPHNWHGLU &H\ODRRSOXOHWHDKD]DU X\JXODQI
+LQGLVWDQ HW DO VHUW NLUHowDUO® YE NDWPD
EX \HUND]O PDNLQHOHULQL
2SHUDW|[U-Q EHFHULVEVW - @QHOQNOUHPUL \LWLULOPLU F
H+LWLPOL ROXUX EDNOP RQDUOP
SURJUDPODUOQOQ HWNLQOL+LyuURLNBRPOoBLOH UHRY K|
\HGHN SDUoD YH QLWHOLN@LDﬂ d/\(yl\WWﬁ.O\PﬁIVHHom
RFDN SODQODPDVO \|[QHW} HNﬂW%I—|QOk7'T-|loPJIJr@L~ ND]O
QRNWDODU GD °UHWNHQOLJ1+U+¢=r$\ﬁ?PL\JQ O\PBHcN@IApwD?
\*NOHPH JLGHUOHULQL |[QHR@WbNOBEH HWNEOHIDEXN \H
GHYLQJHQ YH JHJHJHQ \HL
<HULQGH EDVDPDNWDH:®HQINDEDAPO®GDU PDGH!
ND\Do ELULP D+0U0O+0 NDEMUROLRWSDQD |ONHSDYH JLE
GROXUG oDUSDQO NHSoH FENKUHPUL WDEDQOQOQ DUDo W
DiOQGOUOFO0O+0O DQPD YHYMWHBKQDGQWPDE WP DOD
DGOQPD SODNDODUO NHSo¢D WX WRP-IN+ OH NG Oidmio O C
NXYYHWL ND\D WDGOWO GDWKIDO LIHQ L (E B\bIAHWOL DUD
\eNVHNOL+L EDVDPDN SDW®@DL®®D\DVL® NP DNOOBDOU /LQ'
SDUoDODQOUO JLEL HWPHNOWHBIQDDNE S GHUIDINHVPHOL
ND]GO+O ND\Do PLNWDUOQR| LU QGERNNWRH\QHPBHL GH-=
ND]O \NOHPH PDOL\HWLQ@D DOIWWDQHGEHYLFL WDPEXU
ELOLQPHNWHGLU gJ]GR+DQ G¢]HQHN \HUNHVLFL DUDoOD
\HUND]O DUDoODUO NHVWLN
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23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

YH HQJHEHVL] ROPDVO QMGNAGNO®H LYD@OPD\HUND]O
DUDoODUOQD G+¢]J*Q \ROODMUHWINHQODR-OQRAOWNLVLQL
ROXUODU %X DoON RFDN \NHUNHWRH LOHIHUQHOOQEE®H HN
OD+OPODPD\D L]LQ YHULOPHIHR WHQW]QolDQU®HFO HQ .
ELQDODUD \DNOQ \HUOHUGNVHBEOOOIDGHNAOOuWOUOD
LUOHPOHUL YH VHoPHOL PDGHQFLOLN \DSOODFDN
\HUOHU LoLQ oRN X\JXQ PDNLQHQABHSOUGB\DIEOPO YH V
YH DUN $QFDN NHVLOHBEBNuUNPDO PREHPUDO SDUOI
FHYKHULQ GD\DQOP |JHOOLWKHWOLEHONDOFERHDGOQG
NHVPH GHQH\OHUL \HUNHVLEH -MHWIPULIHFEHIRPHUDVOQG
\DSOOPDOOGOU <D]OFO0 G u®YBD ND\DoWDNL NXYDU
.D]JOODFDN NDWPDQOQ YH VWHWHUDIGO®WNG HUINWDUO Y
JIUH \HUND]O DUDFO VHoLOFHYVdD NONOERNOWRHYH ND\DF
JLGHUOHULQGH HNRQRPL VIBHOUUHFHVL GH |QHPOL ROPD
.D\Do DUOQGOUOFHO0O0O+
.D\DQOQ YH FHYKHUYQON NH®MW. GLUL GH+LUWLUP
\R+XQOX=+X ND]OOJDQOO+BDN DR RQGOOEBOD™BEPDN GH
[JJ*O ND]® HQHUMLVL oHNRN SOHDQN®YRIXUXU YH JLGFH
GD\DQOPO GD VHOLOHFHN \HUND]O PDNLQDVOQOQ
D+O0U00+0Q0 PRWRU J:0OHULQL $NHSgHS$E 1 NON .1g.
YH WDVDUOPOQO \DSOPORQREMDs. MK@@@QW@F@NSl 9(
PDOJHPH FLQVLQL YH Gts$ilds BBENI/QH, o/( 8<80/8
|[IHOOLNOHULQL HWNLOHU 2/0.98D1,1J¢7YséigVPH
SDUoDODPD X\JXODPDODU® VHOLOHQ PDNLQH
FLQVLQH YH NHSoH E«\*NO*-pREHOIKENTOHOMN LQLQ \D?
WDVDUODQPDOOGOU %X GXPXPOMREDEPB L PG LU
GROPD oDUSDQO NHSoH Gpak HH®Quil LQ;LHJLP
|]HOOLN~OHU~L SDUoD ER\XWK| 6h) s®= QA L@UQEJQOYH
\*N D+0OU0O+0Q0 HWNLOHHDPQMQb@@@D\HU
PDNLQHVL RFD+0Q ND\D YH\MHRAQ LS LYt O-RIRNOHUL o
LOH X\XPOX GH+LOVH DUDPREQQOBBWDMIMPLPYRDSDVLW
*UHWNHQOL=+L ROXPVX] \IQGW\@&VNVL\QE!@UB*#NWLM PLNW\
NWRUO ELU EDNOPD
(OHNWULNOL PDGHQ \HUNDQ)]NPMWQH_@NWS@IVQWH'
|QHULVL ND]JO EDVDPD+ONXUNWHNEDGHOLQ UHWLP S
NXOODQOODFDN \HUND]DUOROBXP OHPH K DN® UPNLN NDSI
\NVHNOL+LQL JHOPHPHVL VIQsQRGHIELWRGXEDUAQD PD!
GHQH\LPOH HOGH HGLOPLU §URMEN EMXINOBRE ROXSO G|
KHP LG JeYHQOL+L KHP GHG)ULH)%MODDLLLG}DQ VHOLOHFHN v
X\IXQ GXUXPX JI[VWHUHQ ENY ﬁé%ﬁi@ﬁQ\\JD\be]QD GD FH'

EDVDPDN \eNVHNOL=+LQLQ R‘IS‘W('QBNPROVD ELOH EL
\*NVHNOLNWHQ GDKD G-u'I\1I_N\|_D @@H‘\NNVPIINNL \H=-0
ROPDVO NHSoH GROXOXN RHDRRQ&P/LPONWHQD DQJL
GDKD VON \HU YH EDVDPDE\IRG(*F{I'OLXJI\VVLUC?)HU%IQ%QGD N
JHUHNWLUHFH=+L 0D O Q v BWHAQ. I-L'd-QLHQ D]
HWNLOHVREH-L LoLQ IQHULRRBD DQBHE LGP ALY

YH 6ZDQHSRHO DPDN

233



0 gJ]GR+DQ

$QFDN VRQ \OOODUGD PDSHDN GRHMXRPKGD NDOGO+
*UHWLFLOHUL DUuD+OGD EMWMOLHWLIQAKQXMIPWO IR ®EBRXX(
GHVWHN SURJUDPODUO LOHOPNNIQHNQ H@ HMARNWD WeNH
NDOPD \*]GHVLQL JDUDQWIGXHXIPG@D |%]*0Q WHUH DVNOG
FH]D\D GD\DOO V|]OHUGUPHOHRODRODQO®OEX muwwo+0 L
sUHWLP ND\OSODUOQD NDUE®G CPLUWHOPR LI WLYHQFH
DOWOQD DOPDNWDGOU %XQODU <DUDP %R\X
'"HVWHN  /LIH &\FOH ODQDJHRWEQW E+MeNO+++QH YH
%DNOP 2QDUOP $QODUGPDODEOVDPHNDLUIRPQG|Ns \HUL
ODLQWHQDQFH $JUHHPHQWYNOLEHEHMWRUOB\LFLOHULQ
$QODUPDODUO 6SDUH  FEIUWFOHBEX8EO\ -UHWNHQOL
$JUHHPHQWY YH PDNLQHHWREOREOYOEBOQLQPHNWHG
PDGHQGH NRQVLQ\H \HGHN.NYPNORNYWREELQ \HUND]O
EXOXQGXUPDVO 6SDUH 3DRIAWDVERQWRIQPMOWDUDOPO
6WRFNV JLEL V|[JOHUPHOHWMN®GSEW® D MOAJINKE L] HMX NXOO
3DWHUVRQ ELULPOHULQLQ Ee<\*NOe+++QH
G|Ne \HUOHULQLQ HQ X\JIX{
*JlUHFH E«\eN NDSDVLWH®]DRDNMINOHDGGRDVHOLOPHVL
D] VD\OGD RSHUDW|U VeU+FNOHPMOPDRQDHVMOPHUL ROXP
SHUVRQHOL GDKD D] \DNOW GDKD D] \D+ GDKD
D] WeNHWLP JHUHFL YH \HGHN S.NGHP W -NRPHRLULVL Y
GHPHNWLU %XUDGD PDGHRLIQV |PBQOo¥H WBIN \DQOO \+N
\*NOHPH YH WDuOPD DUDo@DU® GHYLHMRQRPINMHSoH GL
[PUe LON \DWOUOP WXWDEJ@\]D[}JFQJNPWI@E@I@@I@L@LCROXU\/
PDGHQLQ |PUs WeNHQGL+LQRBMXHDROPWPADGB~HUD-OGWI
JLEL KXVXVODU J|] |Q*QH BXOQOL HQREX\JXHOOLNOHUI
VHOHQHNWH NDUDU NOOOQOUHWNHQOLN YH YHULPOLOLI
7DUOPD ELULPOHUL \+NOHQ
ODGHQLQ NDSDVLWHVL\*N@HPHXGH@DMHVLQH GLNND'
ROPD\DQ Ne+o*N PDNLQHOHYH VI®OIDOPILAGYHY®L+L EDNOI
LaioLOLN \DNOW EDNOP RQDEFPPDWHWEBI N KSHRUo®H \RO
JLEL JLGHUOHU QHGHQLDOBOONDOMWNAYOHVH\UHNOHI
\eNVHOHFHN \D GD HOGHPBGLOHWWO HI]QRQoG+lUsUPHNW
PLNWDUO G+GHFHNWLU %X OHNKPGD ND\D WDubOwO
vD\Ovd ROD+DQeVWe DUWDFDN DUDo WUDIL=+L
NDODEDOONODGOS JHUHN LG JeYHQOL+L ]D\O100+0
ROXGDFDN YH JHUHNVH |QJ|UGHONDPOCMQNDIOHWPHFL
PLNWDUODUOQD XODUPDNGDRBWbLROHGHENNVWLUYH NI
<*NOHPH ELULPL NHSoHVL EDQi UBR\®Q BV EOWOGcOU 3
WHNQHVL NDSDVLWHOHUL QQRWHPOGD LYWXPVEIOXHNUO ¢
YDUVD EX GXUXP DUDoODRONLQWOMWNHQQL-DGIH\OD |
GelGeUsS <UHWLOHQ WRQ PRGHQROLWRQHPNOD®D ND\DV
PDOL\HWLQL \*NVHOWHFHNHUNFIDNWINJLOFOUWDUO\OFC
JeYHQOL+LQL ROXPVX] HWNIONRHRHNSYHDO L UHHINNDIDU PI
%X X\JXODPDGD \HUND]ONMERFHO® IRSHURW|IY WDuO\OF
NDP\RQ WHNQHVLQH YH VtEB4F-\HoDWVHPHRN GHOPH Y
YHUPHPHN LoLQ ROD+DQVWoi®P®HNDWO Db @ NRHARHD ND]O

234



23d L, QWHUQDWLRQDO 0LQLQJ &RQIJUHVWSULKOLELWLIR/G/RY

oRN |QHPOL DUDPD JHOLU %X DuDPD\ODU JHUoHNB!

UHNLO <HUND]DU NHSoOHVL YH VXDOXRQX NJJ&BYDWH

\HUND]DUODU \*NOH\LFLOHU YH WDuO\OFO DUDo YH
JHUHOOHULGLU 7DNVXN YHEUBEBB®Q oDOOUPD D=®
NDSDVLWHVLQH RUDQO ROXS
<HUND]O DUDFOQOQ oD RYUDRPOBHR \ WPDHN OROED VO \t
RFD+D X\JXQOX=+X DUDFOQ &HaRa®Wry @H® HHW NLD:+HID PO O
*HQHOOLNOH EX ER\XWODEMUXPXQXBHAHWRDEN-XQX J]
YHULOLU %XQODU NHVPH\JNNHHUNROBPQONU®BHVHOLOPF
\DUBoDSO NHVPH GHULQ®eIL\HWHDRIDQWSBD G-t-U-0P
\*NVHNOL+L WDEDQ G+]H\L RRWEoNND UR FHORWI g
J|] VHYL\HVL JLEL |]JHOOLNOHU ROXS DUDFOQ
obodbuPD DUDOONODUO ER\XWODUO RODUDN
DGODQGOuUbOOU

%X |JHOOLNOHUH \HUND]O PDNLQDVOQOQ
VD+ODPOON RUDQO 62 6WXUGLQHVV 5DWLR YH
ODNLQH .xo00DQO6P .DWVD\OVO 08)

ODFKLQH 8WLOL]DWLRQ )DFWRU NDWVD\OVO GD
HNOHQHELOLU 6D+ODPOON RUDQO \HUND]O
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0 gJ]GR+DQ

OHNLO <HUND]®OGD GHQJHOL \+NDBPHQNPL SDRRO E

08) LVH ELU WRUN J|VWHUNDID RDXI®WHUEDPIRN O+« \D]
DUDFOQOQ oDOOUPD \DUMNDSNVHAH\-UWNREoKO]O LC
KDFPLQLQ oDUSOPO ROWS HUIPPL P [ P
*IVWHUJHVL LVH DUDFOQ oDOOuUPD \DUOO0DSO LNOH
NDOGOUBODELOHFHN \+N vOoQ# e oH PG OPDHUON . <
D-OUOO+-0Q0Q oDUSOPO RONE EQ‘EJLIQNHD\[DWOGRQ WDUl
gQGLUJHQPLG 08) *[VWHUJHWLNDQGO3D vVOQOUODUOQ
GH+HULQLQ PDNLQHQLQ obBBU®PDS DNUHPH@ QNP\DQ O
E|O+Pe LOH HOGH HGLOLW Y$DEODOLED-FOPPPOQD J|UH Kk
GXU 7RUN J|VWHUJH GH:-HOBHHWYOHNGHN RYKQ\*NWHQ
DQFDN LQGLUJHQPLU 08) GHHOBHRHQUE RODFB'\QO  GH)\
\HUND]® PDNLQDODU \H-OHWHNQHYLQGHPNIRY¥YDPYOODVO )
%X JIVWHUJHOHU EX GHUNPJQUDUBFROOQ YHULP
\HUND]DUODU ND]® \*NOHPMNQDQH ERNDDPYD\OVO D
LGOHPOHULQGH GDKD HWN LD W/IFRONDD 0B Y G\DHOW R OQ

EDGOQD *UHWLP PDOL\HWLQ®INQH . @H GWNHEHUWDNOQ
RODFDNWOU 9DUOODVOD \¢N GH+HULQH QH

ND]O \eNOHPH JLGHUOHUL GF

<HUND]® DUDFOQOQ ND]O \eNOHPH_PDOL\HWLQ

HWNLOH\HQ |[WHNL |]H00LNoﬁUUN@d© F@Qj\U—I\QLH\(]lL@\:Q vD
VD\OODELOLU <D]600O QRBXKIVOBWLPN/DIPH®LQNGROXU
\D]OO0O NHSoH NDSDVLWHVLEU NOE&YURELDOWHLQKNU EX
< UDWHG VXVSHQGHG RRBPRHVBQEQuUpPBSDFD+O L
\eNe« $< PD[ DOORZDEOH ORMWANLQHRLUVod ULP |DPDQGI
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ND]OOOS \eNOHQPHVL JLGHWNLHPPULLQ RGEKKVLUIHUOH=+LG
DQODPOQD JHOLU <HUND)BURR]OJDRUDoDORDOQOQ HWN
PRWRUXQXQ JeFe \D GD GHWNUQGH¥LQI®PHQPHOL 7<(
PRWRUODUOQOQ WRSODP FHOAQIOHLUOG-QH\EQODOWOQD
'DKD Je0O+ PDNLQH GDKD HEHedvNN BNDHNSODMH YH WHNQRORM
NDOGOUDELOLU EX GD ELWPEV.-UWGEMW)XEDRDOORN \D G
*UHWLP GDKD Ge+0G*N ELULBHNDJ®LUNORPBLGLU g]JGR=+
JLGHUL GHPHNWLU HWNLQOL+L <( NDYUDPO %
WDUDIOQGDQ |QHULOPLUO |

.D]O \eNOHPH PDOL\HWLRKUDHPWRDOH\HQG|QJ*Vy GH
NHSoH LOH LOJLOL GH-HLIOH\WWPHEH (QOe+0HQ JHUo
VOUDODQDELOLU .HSoH G REOHH WP DBV ORD\DHUN D
SDUoDODQPD ER\XWX RSBUDNVWND NHFMHL LSL \*]GHVLQ
SDWODWPD YHULPOLOL+L NO®@ MG LMHHS0 HE LW LYBNO GO
VONOuUPDVOQO HWNLOH\HQ \HUNDJYH D UDFNDD JAIDRMW RIW N L G
JeFe ND\DQOQ |]JHOOLNOHUNHSOHHO GR®RR DQ@&VD\OVO

+HNPDW %X GH=+LUNHNQREHDWHP NHHUSWIH DU HWNLQOL
E¢\¢NOe+++ GH HNOHQHELOLU|QHIERHNNMISIDML WHMLGH+HUL
Ee\eG*NOH *UHWNHQOL+LROPDVODUWMWDHNOWL+-LQL EHO

ELOLQPHNWHGLU +HU NHSXHXE&PNIOrJ|Q@BHRODD &

JJUH HQ X\JXQ ELU ND\D DSDNWID BER\EMX $ RUDQO
EXOXQXU (Q X\JUXQ SDNEBOHLGROIPLL oDUSDQO ))
EHOLUOHQGL+LQGH HQ L\L RN®IBDN GRORPXCDABEOW % XL
GROD\OVO\OD HQ X\JXQ \DUPDW®ODYRNVHOGH HRIFDEHDQ G
7DNVXN YH (UDVODQ X\ I XDIDIPORODOQ D ND\DFC
oDOOUPDGD HQ X\JXQ SDWRIHERWNDG BMFHULVLQH N
DGDQ LULOLNWHNL ND\D SDHWNEGROAQE FENOMHEHRO®X + X
NHSoH GROXP NDWVD\OVOQBEXK{QoOWB-G{UB+PQJOODPDI
EHOLUWPHNWHGLU .D]O YHRGRDHPHDRDOODGG®DL\D] %DU
HWNLOH\HQ |[WHNL GH=+LI0W MJDURIGOHG D § H QHHBLoHHQ & (N
NHQGLVLQH |]J» NDWVD\OVAXUXREQX BIOHPLL\L WHPV]
NHSoOH +VW+QGH EXOXQDQ GND\@dDPHNSNOHDELWI gQHULPL
D\JOWODUO NHSoH GLGO DAdGVIAUPH, RD® @& DOOVOQ D\D
NHSoH ND]OuU DoOVOQOQ NDRDPDJ|WH &MU IQIX® GH+HUL
ELoLPGH D\DUODQPOUG ROXS WNIRDW.G+0 GNHISUH

GROXUG VeUHVL NHSOHQL@DNLWMHUORN LMYNGXUXPGD

NHSOHQLQ KHGHI \sNe  NIH\GH H \LNGIXPXP G D DU
\[UsQJHVL YH NHVPH GHULQGKX#DEPIGD RODUDN GH=HUOF
GH+HUL vD\OVOQOQ DO

(NRQRPLN [PU<Q- G FPAOX OR@Q HWNLQOL+L JH
\HUND]® DUDoODUOQD JHOIGHFPHNERQESUGH-LHWHNLOP
D\DNWD NDOPD RUDQODUB®HRHNWEUGeNO=+-

JHUHNVH EDNOP RQDUOP YH \HGHN SDUoD
JLGHUOHULQLQ \*NVHNOL=+L \¢]*QGHQ RFD=0Q

ND]O YH \eNOHPH JLGHUOHULQL DUWWOUOFO HWNLOHUL
ROGX+X ELOLQPHNWHGLU %X WeU DUDoODUOQ ELU
GL+HU HNVLN \DQO GD WHNQRORMLOHULQLQ GH
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<(5.%$=, $5$d/$5,1$ GH+HUOHUL \eNVHOPHNWHGLI
8<*8/$1%1 %$.,0 21$5,0 9( 2UDQO $ %WR]XNOXNODU $L
<('(. 3$5d$ 2.0%/ 07 %) 2UWDODPD $UQO]D *L
352*5%$0/%$5, 9( 0775 %LULP 6¢UH\H 'GHQ
3/$1/$0%$6,1,1 (7.96@ 6D\OVO Q VDDW JLEL GH=1
GH+HUOHUH XODUPDNWDGOL
<HUND]DUOQ NHQGLQL DUDNNHWHP NGBV ODPRPOL\HW |
PRGHOOHUGHQ VHoOLOPLUG RIOOAHDNBHOMQEXRKDINGDPDOD U
ND]O® \*NOHPH PDOL\HWOHULIQEH ROWHY XHHEADN OVIDSOPF(
RODFDNWOU %XQX DQODPBRI®Q@Q NROXQ GD HEHXONHVLQH
PRGHOGHQ EXJ*QH GH=LQ NDOWGHNELORMWNWHIGILU %X
ROGX+X YH 'eQ\D PDGHQYPRuQ@DBBPH YNDBDGHQGH HPDC
WDQHVLQLQ oDOOUPDNWDGHERYX+-EKERNQGX4KP D V|]OHU
PDGHQOHUGHQ D\DNWD NDODWNWYHNOOBOOYHSVHUYLVWI
J*YHQLOJHQOLN 5 EDNOOJBDRWOR RQUDULFDYHOKWIPHOHL
JLEL GH+HUOHUL |+UHQLOPRGHOOBO O®O PIOWYESDHELOP
<HQL JHOLUWLULOPHNWH RODQ \HWUNBGHODbUD/CGOBIUHQHEOAQL
DQD «UHWLP DUDFO RODUD&@L@@P@@@QQEM@RHBODU
%XQODUOQ JeYHQLOLUOL=+L 8PN RODEDHLPPDGHQ LUOH
EDNOP RQDUOP Y H GHVW
6LPJHVL 5 07%) RODQ JEXRXKQEGIHLBDIND GD oRN D]
\HUND]® DUDFOQOQ J-QOMNHONMMWOHPNMOBRPRFO LOH EX
LOOHULQLQ \R+XQOX+XQDQODDRD UGH MHIPIHUPHOHUL!
GD\DQDELOPHVL EHNOHQPHH®IOHR@L W IOHYORH/DHPBHLQGH
\DSPDPDV® \D GD oRN D] \WI§0BUBIK) Oy UBHIMLQFH EDNOF
|Oo*WeG+sU gOo+Ve PDNLQMBOU®D YHOWP®BWEP PDO]JHPH
DUDVOQGD JHoHQ RUWDODRMD VWDHERWFBy O D DIQRFHGI
DUDVO RUWDODPD VeUH QHRMAND®OBRU X]XIQGCHVP@HRILQL
PDNLQHQLQ JeYHQLOLUOL=L|RHNIEDQ R FHNNVAHRNGALILU
%XQXQ ELU GL+HU |Oo*We+ GH PDNLQHQLQ D\DNWD
NDOPD RUDQOQOQ $ \+(NWWHHEO L3E52GEH0/$5, (68700
%DNOOJDQOON NDYUDPO [EZYH2/RDNOFsRQDUOP 9(
NROD\OON J|VWHUJHVL ROX§1(0®m0¥i RUMBDODPD
DUO]D JLGHUPH Ve«UHVLGLU 6LPJHVL 0 \D GD
0775 GLU %X VeUH QH NDGRDUWNNOYD LNWHNB]O YH WD
PDNLQHQLQ EDNOP RQDUOPYINRmEDJ\@r@\f@ \B NGO PDNL

L\LGLU g¢g]GR=DQ 'DKDGRD IENR]IXPDRLQHVL EXOGR
ER]XNOX+X GDKD NOVD VMO i) DRPFOODLBLEHN RS
\HUND]0 DUDoODUOQOQ \HWWLUNOMRVIL YH EHOLUC

PDOL\HWOHULQL GDKD Ge+l+*NHXQWLNPH BAURNWORODUDQ
oRN |QHPOLGLU %X DPDo

<HUND]® DUDoODUO \DSHWRBEWODUGRDQRQOQVLP-ODW|
|[QHUGL=L ELoLPGH ERROPRDOWAP|IQHP WDubOU :
SURJUDPODUO X\JIXODQGOYODWGDOPLWRIODUIBUO oRN \«
QLWHOLNOL \HGHN SDUOINXSODQODPDVEUOHN PDNLQ!
X\JXODPDVO \DSOO0GO+-0QRNH VAKWDRD]IEDQOOPD \|Q-\
PDNLQHOHULQLQ EDNOP RN ONXO OIVAMHRI DHOOUNDQOC
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DUDoODUD Ee«\eN ]DUDUODUHOQGIUNHEHOLWH ER\XWODUC
]JDUDUODU IL]JLNL KDVDUODBU+ROQODEHL\QHOGH-EDYDPIDN \F
NXubodOQD J|UH NXOODQ@PD: LubelQONHQ QO WDVDUOPC
HGLQLOPHGL+LQGHQ |[WeU+* XGIXEN KEBODPO YND\D JHY
GelsN *UHWNHQOLNWHQ N BDONDDINPIIOGQEYWLPGHOLN
ND\OSODUO GD RODELOLU %M RQBIGHQYEHND\OHWBRHOWO
RSHUDW|U \HWLUWLUPH EIS@QB®LPQDOSIOWBDUKNDHGW L
NHVLQOLNOH HGLQPHOLGLUFHSKBIOFNDRG H W) ve|w O] O
ELOPHOHUL JHUHNWL=+L |OG*GRAHBUQ@EOROXPIXVO|QGH
JeYHQOL+<L oDOOUPD LONHOWMWD] NRQXNOHQEBLOHULQC
PDGHQ LUOHWPHFLOL+L FDNNQHHNWHNGBEB®NEXGXU \|
JeYHQOL+L NRQXVXQGD GDE®\NWk-©ORHO IXELXIQ d%XUND]O
H+LWLPOHU EHOLUOL DUDONINODVDDO W@ N B Q PK@LOELOX
%DNOP RQDUOP |EHNOHUL GD \DSOPFO ILUPD
WDUDIOQGDQ G+]HQOHQHQ NOHIINDDO POHILQHVLQH
X\JXODPDOO H+LWLPGHQ JHODLNGO® PRHODLEB R SWROBDPODL
H+LWLOPLU RSHUDW|U YH VabFo® O ¥HHL GONHRWLEDFQD Y$IR
H+LWLOPLU EDNOP RQDUOP YW XHDORBEQF P EDPNAWDR UL C
\HUND]O DUDoODUO LOHHWKOOMIOK® D pdoL L\L
LUIOHWPHOHUGH *UHWNHQQU«® QH&HN HND UoWRRH WeNH
EDUOQD JLGHUOHULQ J|UHFNX®MOQ PN RGOFPGA WH
DoONWOU PDNLQHOHULQ D\DNWD ND
\eNVHOWLU DUO]DODU DUDYV
<XNDUOGD VD\GO+OPO]VE\WOD WRQRO@BUsUHUHN P
X\JXQ ROVD ELOH PDGHQ@*YHMQHWMPHWRIOPDVYOQO GDKL
\|QHWLOLS LGOHWLOPL\RW\WBODBDNARYH®MUNR]O \«NOH
*UHWNHQOL+L YH *UHWLOH®-UPDG&HHWL 6HLPHNWLU
ROXPVX] \|QGH HWNLOHQHFHNWLU .RQXVXQGD
L\L \HWLUPLG H+LWLOPLG WHXNQNBPYRQDUWEPMLEDGDUO
oDOOUDQODUOQ o0D+GDUO BLPHGOLYH NBMHOWL+WMXWXOP
NOODYX]OX+XQGD \|[QHWWLtlvVED W LROBLHYIHD KREDUDN |
*UHWNHQOL~LQLQ \*NVHNRQDKYBP SURHUDPO \|[QHWLP
PDOL\HWOHULQLQ G+G*N RODBDOHOO EHOOLSABQVO] G
ODNLQHOHULQ NDOLWHVL NBGPIMN L WXiD\E B O IOD® @ QBRI N
NDOLWHVL GH EDUDUOOO FHUWSNGMWLIPI@HWPHP HO HQ L
JHUHNOLGLU .DVWHGLOHQGMHXUDWRFHVWHQLOHNoLW.P
oD+GDUG \|QHWLP RODQDNOMNWE NGHI$URRIDPODGGELOLL
LOH GRQDWOOPOU ELOLP YH\DMNDWI NOWDYXEPXE KQ GBL O
o[]*P *UHWHQ ELU HNLSWLUVH\UHOPH]

6218d/$5 <HUND]® DUDoODUO \DUODQ
GeGUWe+e ELU JHUOHNWLU <D
.D]O \eNOHPH JLGHUOHULQLWQX@-RBPMN:O@PHY IGDXD oRN \HG
HQ |[QHPOL HWNHQOHUGHQ ¥ONDObIRFERPQONKNSU GHYUH C
Ee\eNOe¢+eQH X\JXQ ELUELULAQEHQX\XMDAO \+NOHPH P
\eNOHPH Y H wDudPD EQXPR®HHWNL@®HU
VHOLOPHVLGLU <HUND]® DUDFOQOQ WHNQLN
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6HOLOHQ EX \HUND]O SYRJUWPOORD RFDN \|QHW
DUDoODUOQO NXOODQDQ EBNDREWRE DUDVQO Q®HW XWHP D \
WeNHWLP JHUHoOOHUL LNPDOLQL \DSDQ LGOHWHQ
LQVDQ J+F+ ND\QDNODUOQOQ QrWKORORMIIGRI\LPIUDUO
YH H+LWLPL LGOHULQ G-+]JtN mﬂ\l@Hﬂ@I—@QS YOG RDWOHUL \«I
DNVDNOONODUO DIDOWOU NMHS0BHGRORKRH X Hx LWuPww O
\HQLOHPH H+LWLPOHUL oPORWPLOWRSODWWOODUDON
SHUVRQHOLQ ELOJL YH \HWBH@HNREHPQLPDO®RFRHWOHUL
WXWDU %X WeU H-LWLPOHUBHNIL®HB O MMHNRIRFO RIM 0@ P®
VXQGX~+X WHNQLN RIORPHONUWGDEHOLUOHPH G
\DUDUODQPDOOGOU 2SHUDMVGIMUOHHI LQ/*UB s UsOPHVI
\HWLGWLUPH YH JHOLUWLURDEHRQWMDGIFU D\JOWODUO
NXOODQOOPDOOGOU *HUHN \HQL RSHUDW|UOHULQ

\HWLGWLULOPHVLQGH YH JHUHNM{UKNYN-_SHU¥BOHO®QO
JIJOHQHQ ~ HNVLN ~YH N|WgoHNK® QQQP\|QHWHQ N L
DOOUNDQOONODUOQO JLGEBRHGHVEXGDH-UWWA P ND)
DUDoODUOQGDQ NHVLQOLNQHt L\PHOHQ QPSP DPOEGIAH v
%X UHNLOGH SHUVRQHOLQD-KDRU I:]_IP|U OXONL EX JF

DUWWOUOOPDOO KHP GH pNNGQBOEINIQRENOPHP DN
QHGHQL\OH DUDo YH DQD ELOHL’JSQOHULQH ]DUDU

YHUPHVL |QOHQPHOLGLU &Vy_fé_Q ND]O
\eNOHPH JLGHUOHULQL -u- ELU

JHUoOHNWLU $GOHU 7KH 08) &RQFHSW
5RWDWLQJ ([FDYDVRWHWL QM RUJ

dHNPH NHSOHOL \HUND]DU NXOODQOFOODUGQOQ

NHSOH\L EXP YH GL+HUS\NBRVDPIRSUHN DO (TXLSF

oDUSWOUPDODUO® ROGXNOoDKUPY W-YAIHY F Y MKRR Vo
H+LWLP HNVLNOL=LGLU %%%g Ffj ’fﬁ\ WBTYQ B2k

DUDoODUOQGD LVH EXP g QJ\L% 0DUFK
VLONHOHQPHVL NHSOHQLQ EXP GLELQH YH
SDOHWOHUH oDUSWOUOOPBUYONKNHS®H )LOH NIDl\-D&\FOI
VeS*UPH JLEL RSHUDW|U KWIWDHOUIRIPDRBHLIE

RODUDN J|U+«O-U %XQODU’EQLT BDHMH R K RIPD QHVEXUJ
GXUXUODUO KHP GH \HGHN, o'ij”?gﬁnglengpgﬁLDQFH]D
JLGHUOHULQL D]DOWDFDNW®UY ,ﬁﬂﬂ,

RSHUDW|Us \HWLGWLUPHN LoLQ EHQ]HWLP D\JOWO
\RNVD RSHUDW|UOHU HQ &BDKDQR:-OXHHWUDFO HQ$Q LQ
KOUSDOD\OFO \|QWHP RODQQHUDIRFN Wk EEBWK VRV IF XW DC
0OUDN \|QWHPL LOH |+UHGCBHNQE XTI gwwmqoo -

NDO®\RUODU GHPHNWLU aeRtQ LR LRQ DQG

<DUDP %R\X 'HVWHN 3JO0ORYODPODDE®G (OHYOL %
<%'3 %DNOP 2QDUOP_ 6PTPNUPHIGHIW RI PLQLOJ HTXLS
%26 YH SURJUDPODUO® 2&HGHNSFWBUWORRWDQLVWLFD 6C

6D-ODPD 6|]OHGPHOHUL 6 Fh\f:?épm%% PYDLOD!
PDNLQH *UHWLFLVLQH DLW HRRQH W& 9 NA
\HGHN YH PDOJHPH VWRN EXOXQGXUPD
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+LQGLVWDQ 0$ HW DO $6@QBRHSRMIORG: IRU 7KH LQIOXH
GHWHUPLQLQJ WKH GHSWK RI FKMLXWLQDGERZHUXVERMR®W VHOH
PRQLWRRXKQ®DO RI OLQLQJ 6FLARGHUDPDAROUHVRXUBH(QXW L7/&IH D MV

1R SS 8QLYHUVLW\ RI 3UHWRULD HWG
+XL 9 3D\LQJ DWWHQWLRQKWRV & R XG H\B G DXGF BIFDIOGW KHV LV |
URDG UHSDLUV IRU KDXODJH FRVW UHBXHFWLROQFWHG GLV"
(QJLQHHULQJ DQG OLQLQJ -RXUQDO -XQH 9RO
1R SS 7DNVXN 0 YH (UDVODQ . )
ORDGLQJ SHUIRUPDQFH RI WKH
JVH + DQG DW DO (FRQRPLB QLW KOWHBBYRQIBWLRQDO 6\I
RSWLPXP EHQFK KHIZKKW-RRQUDDIMUMIHBODQQLQJ DQG (TXLSPHQW
7KH 6RXWK $IULFDQ ,QVWLWXB®&H%BONHRILGRWIMHG GDP Ss
OHWDOOXUJ\ )HEUXDU\ S 56%
‘:RRG $ LGLVHD +J QLGP

2VDQORR 0 DQG +HNPDW $ (TXBYPFIBEGQWWBR Q VRG :LIJDQ (QJO
VKRYHO SURGXFWLYLW\ LQ WKH *RO ( *RKDU ,URQ OLQH

-RXUQDO RI 0LQLQJ 6FLHQFH 9R&H|6ER 6 YH DUN 6-UHNOL

_ ELU N|P.U RFD+0OQD X\JXODQP
gJGR=DQ 0 (OHNWU'-N\Pr!-VLdHHD'@JQ IH\UNNU-LWHUOHBLL
PDNLQDODUOQGD ND]O JeF. yh\% g HFILFLOHY b\ VY H “RQIXC
NDUGO O D tW OODREH QOFd ~OVLONH &L O Wy, OON
v
g]GR+DQ O <D\OPODQPDPOU IRWR=UDI

gGHDO ODNLQD 'DQOGPDQOON /WG $QNDUD

g]GR+DQ © (OHNWULNOL \HUND]DU NHSoHOHUL
YH EDGDUOPOQDO HWNEZOWHNHMH GH+LUWLUJHQOHU
80OXVODUDUDVO ODGHQFLOLN .RQJUHVL YH B6HUJLVL
$QWDO\D V

gJGR=DQ 0 %DNOP RQDUOP HWNLQOL=+L N
JIVWHUJHOHUL YH HOHNWULNOL \HUND]O DUDoODUOQGD
J*YHQLOJHRQONN\H 80XVODUDUDVO

ODGHQFLOLN .RQJUHVL YH 6HUJLVL $QNDUD V

g]GR+DQ 0 (OHNWULNOL PDGHQ
\HUND]DUODUOQGD +<UHWLP +<UHWNHQOLN YH WRSODP
\HUND]DU HWWNQ®L=L .|PU .RQJUHVL

%LOGLULOHU .LWDEO® +D]LUDQ =RQJXOGDN

v

3DWHUVRQ [/ % YH g]GR+DQ 0
3HUIRUPDQFH Rl WKH ELJJHU IDVWHU DQG VPDUWHU QHZ
JHQHUDWLRQ HOHFWULENPWQLQJ VKRYHOV
8OXVODUDUDV® ODGHQFLOLN .RQJUHVL YH B6HUJLVL
$QNDUD V

3SDWHUVRQ [/ % /ILIH F\FOH PDQDJHPHQW * §

JURZLQJ WeYHRIG H 8OXVODUDUDVO
ODGHQFLOLN .RQJUHVL YH 6HUJLVL $QWDO\D V
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