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Electric Drive Mining Class Wheel Loaders as Primary

Production Tools

A. Wood
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ABSTRACT Mechanical wheel loaders are traditionally considered as support equipment,
back up to excavators and utilized as “clean up” equipment. This paper discusses the benefits
of employing large Electric Drive, Mining Class, Wheel Loaders as opposed to hydraulic
excavators in high production low cost mining operations, and the differentiation between
Electric Drive Wheel Loaders and Mechanical Drive Wheel Loaders. Large Electric Drive
Wheel Loaders, with bucket capacities up to 56m* and payloads of 72 Tonnes, combined with
fuel saving Electric Power Regeneration technology, demonstrate competitive advantages
against hydraulic excavators in availability, production and more importantly Total Cost of
Ownership (TCO). Electric Drive Wheel Loaders have been available for over forty years, and
the fuel saving technology developed for this class of wheel loader is now utilized in other
mine site vehicles such as haul trucks. This paper compares design features, productivity,
operational costs, maintenance issues and applications.

1 WHEEL LOADER DESIGN
1.1 Mechanical Drive Wheel Loaders

Mechanical drive wheel loaders are found in
many applications and sizes up to the
CAT994, (35 Tonne Payload), and Komatsu
WA1200 (38 Tonne Payload). (Anon 2012)

Figure 1. CAT994 35 Tonne Mechanical
Drive Wheel Loader.

These larger classes of wheel loaders are a
familiar and much used support equipment
for mine sites, assisting in everything from
infrastructure
production.

development to back up

Figure 2. Komatsu WA1200 36 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 the
diesel engine.

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 class
of this type of wheel loader starts at Joy
Global LeTourneau L1-950, (25 Tonne
payload), and ranges up to the L-2350 (72
Tonne payload), which is twice the capacity
of the largest mechanical wheel loader, and
has comparative payload to 40m* hydraulic
shovels, (PC8000, EX8000 class). (Fleet,
2012)

Figure 3. LeTourneau L-2350 Electric Drive
72 Tonne Wheel Loader.

1.2.1 Design Features

The most significant design feature of
electric drive wheel loaders is electric power
regeneration, which is captured and fully
reutilized. (Fleet, 2012)

The main drive diesel engine is coupled
directly to a generator, which provides the
electric power to operate the loader.

Each wheel is mounted on an individual
wheel driver assembly, consisting of a
planetary transmission and electric motor.

The loading cycle consists of propel to
bank, dig, reverse propel, propel to truck or
hopper, dump, and propel back to start of
cycle. At each point in propel, the loader
consumes fuel on acceleration, and at steady
state. However, on deceleration, which is
done through electromagnetic braking, the
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wheel motors are used as generators, which
feed power back to the power control system.

Figure 4. Electric Drive Wheel Loader
Layout.

This regenerated power is used to drive
the generator, which is directly coupled to
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
to slip, regaining traction. This prolongs tire
life through reduced wheel spin, and through
correct individual wheel speed when turning.
(Fleet, 2012)

An electric drive wheel loader can
continue to perform its function if one of the
wheel motors fails, allowing for reduced, but
continued production, and the ability to
propel back to the maintenance location,
under its own power, when replacement is
ready.

This system has stepless forward and
reverse propel, negating any need for
standard mechanical drive train. Fewer
mechanical parts allows for less maintenance
and higher availability than mechanical
based systems. This also allows for
significantly less consumption of lubrication

fluids, making it an altogether more
environmentally friendly tool.
Electric motors are brushless DC,

requiring no maintenance, other than bearing
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change out at defined intervals, and operate
on the switched reluctance principle.

Wheel loaders do not require ancillary
floor clean up equipment, as they can
perform this exercise themselves. (Ozdogan,
2012)

2 PRODUCTIVITY

Wheel loaders are highly flexible tools,
allowing for the quickest relocation. They
can be the first loading tool to the digging
face after a blast, ensuring quickest restart of
production, and can be quickly deployed to
alternate selective and material blending
requirement locations.

Standard track mounted production tools
such as Rope Shovels and Hydraulic
excavators, have a revolving upper structure,
and only require relocation when the material
to be excavated is out of reach. This typically
leads to sub thirty second load cycles for
smaller class equipment and sub thirty five
second cycles for larger equipment.

Wheel loader performance relies more on
operators to minimize travel distances.
(Fleet, 2012). Well trained operators can
achieve thirty second load cycles on wheel
loaders, with a more typical figure for
electric drive wheel loaders of thirty five to
forty seconds, and a few seconds longer for
mechanical drive wheel loaders in the same
application, due to mechanical performance.
(Klink 2012)

Rope Shovels and Hydraulic excavators
have more digging power than wheel loaders
due to their weight and design. Each
equipment type has its suitable application.

In adequately blasted, or free digging
applications, electric drive wheel loaders can
offer competing productivity, at lower total
cost than diesel powered hydraulic
excavators, by using a larger capacity wheel
loader to make up the productivity gains lost
by cycle time. (Anon, 2011)

Example 1. Productivity
15m?® Hydraulic excavator — 27 Tonne

91 Tonne payload truck
3600 Seconds in one hour

90% Operator Efficiency
Equation 1. Loading cycles

iz

N

N = Number of Loading Cycles
P, = Truck payload (Tonne)
P = Wheel Loader payload (Tonne)

_ 91 Tonne

—m= 3.37 = 4 Pass

Equation 2. Time to load truck
T=NXT.,+T;
T = Time to load truck (Sec)

T. = Time for individual load cycle (Sec)
T, = Time for truck spotting (Sec)

T =4 x30sec+ 40 = 150 sec

Equation 3. Trucks Loaded Per Hour

Nin = Number of trucks loaded in one hour
Sy = Seconds in one hour
O. = operator Efficiency

_ 3600 sec

N,=—x09=216T
= 150 sec 0.9 6 Trucks

Equation 4. Hourly Production
P, hr — N h X P, t
Py, = Hourly productivity (Tonne)

1,966 Tonne

Pp. =216 x91T =
hr onne Hour
Example 2 Productivity

19m3 Electric drive wheel loader
34.5 Tonne wheel loader payload
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91 Tonne payload truck
3600 Seconds in one hour
90% Operator Efficiency

Loading cycles
Use equation 1.
91 Tonne

N = 345 Tonme = 2.64 = 3 Pass

Time to load truck
Use equation 2.

T =3 x 35sec+ 40 = 145 sec

Trucks Loaded Per Hour
Use equation 3.

_ 3600 Sec

Nh = 145 Sec X 0.9 = 22.3 Trucks

Hourly Production
Use equation 4.

Phr = 22.3 X 91 Tonne =
Hour

Productivity Example 3

21m3 Hydraulic Excavator

38 Tonne wheel loader payload
91 Tonne payload truck

3600 Seconds in one hour

90% Operator Efficiency

Loading cycles
Use equation 1.

_ 91 Tonne

=—=239=3P
38 Tonne 3 3 Pass

Time to load truck
Use equation 2

T =3 x30sec+ 40 =130 sec

Trucks Loaded Per Hour
Use equation 3.

_ 3600 Sec

Nh = m X 0.9 = 24.9 Trucks

2,029 Tonne

Hourly Production
Use equation 4.

2,266 Tonne
Phr =249 %x91 Tonne = ———

Hour

In this illustration, a 19m*® payload,
electric drive wheel loader, is equally as
productive as a 15m* hydraulic excavator
with similar production availability. (Binns,
2012)

The capital purchase costs and life
expectancy are similar. The advantage of
electric drive wheel loaders is seen in the
operational costs, which are presented in the
next section. (Binns, 2012)

A 21m? hydraulic shovel compared to the
19m* electric drive wheel loader will be
more productive if matched for three pass
loading, but will have a higher capital cost
and higher operational cost per tonne loaded.

3 OPERATIONAL COSTS

Fuel consumption is a major cost for all
diesel powered loading tools, compared to
electric powered equipment such as rope
shovels, and to a lesser extent electric
powered hydraulic shovels.

Fuel consumption is minimized on electric
drive wheel loaders through efficient use of
regenerated energy. Mechanical systems
waste this potential energy saving through
heat in friction disks for braking.

Brake Specific Fuel Consumption (BSFC)
is a measure of fuel efficiency within a shaft
reciprocating engine. It is the rate of fuel
consumption divided by the power produced.
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.

Equation 5 Brake Specific Fuel Consumption

BSFC = @

P =Power produced in kW
C¢ = Fuel Consumption
(L/hour @ RPM for stated power)
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D¢ = Fuel Density

A typical value of fuel
854g/liter. (Range 849-960g/1)

A typical BSFC value for mining duty
diesel engines in loaders, excavators and
trucks is 200g/kW.hr. (Range 180g/kW.hr
for highly efficient engines to 250g/kW.hr
for less efficient engines)

Transposing the formula to give max fuel
burn at 100% engine load, on typical BSFC.

density is

BSFC x P
FE
D¢

Example 4. Fuel consumption at 100%
Engine Load
Engine Power = 940kW @ 1800RPM
BSFC =200g/kW.hr
Df =854g/L

200 x 940

851~ 220 l/hour

A typical electric drive wheel loader has
an average engine load factor of 39%(Fleet
2012), compared to 60%+ for mechanical
systems. This is due to regenerated power
being fed back on electric drive wheel
loaders, and used to power the units
hydraulic systems. On power regeneration,
fuel to the engine is cut off, resulting in the
significantly lower average engine load
factor.

Fuel cost comparison of a typical 15m?
Hydraulic shovel versus 19m? electric wheel
loader, as described in the productivity
details on previous page.

Hydraulic shovel 15m?
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

at 39% Average Cycle Load = 81 Iph
Over 5000 hours = 405,000 litres
Fuel Consumption

Showing a 310,000L fuel saving for the
same production, over a 5000 hour / one year
period.

Major engine overhauls are typically
based on fuel consumed.

While life-to-overhaul can be expressed in
hours, some diesel engine manufacturers
prefer to focus on average design life-to-
overhaul in terms of liters of fuel consumed
as a more accurate measure which better
reflects high engine load operating factors.
Depending upon duty cycle, the average
design life-to-overhaul for a 2MW mining
duty engine exceeds 3,785,000 liters of fuel
consumed and for 1.5MW this is 3,312,000
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
drive wheel loader, result in reduced parts
and lubrication usage and reduced
maintenance costs.

4 MAINTENANCE

Critical components to maintain on an
electric drive wheel loader are the engine,
tires and hydraulic systems. (Fleet, 2012)

Tire life can be extended with use of tire
chains. (Ozdogan, 2012)

Engine, hydraulic and welding
maintenance requirements are similar to any
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 hydraulic
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, S5Sm? 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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Techniques
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ABSTRACT In this paper we outline the cultural and technical context and the geological
framework of the outstanding gold mining and prized ornamental stone quarrying activities
which were carried out in the Wadi Hammamat (‘Valley of the Baths’) in Ancient Egypt.
Quarrying and mining remains preserve traces of man’s activity and of technical skill,
therefore they represent “landscape archives” and valuable cultural heritage sites where the
traces of work, technology, organization and social life can be studied in order to hand them
down to posterity and open a window on an ancient world, almost unknown to most. The
results of our survey confirm the correctness of ancient geological knowledge as shown in the
famous Turin Mine Papyrus, and in general highlight a good knowledge of the territory, such
as the role played by the geological setting in providing materials and driving the extraction

techniques, both in the Pharaonic and Roman periods.

1 INTRODUCTION

From ancient times until today the use of
natural stone and mine resources has been a
main element for human activity. Historical
extraction sites have been lately described as
“landscape archives”: sites or areas where
the traces of work, technology, organization
and social life are preserved and where they
can be studied in order to hand them down to
posterity and open a window on an ancient
world, almost unknown to most.

In the last decades there was a renewed
interest for ancient quarry and mine
exploitation in the scientific community,
public administrations and in the area of the
cultural tourism. Several cultural activities
have grown based on a rediscovery and
reappraisal of ancient quarries and mines,
such as the creation of eco-museums and
other didactic activities at various levels.

The study of the historical quarrying and
mining sites highlights the diffusion of a
shared basic knowledge among ancient
civilizations and the fact that technologies
were strictly linked to the social and cultural
aspects of each population.

At the same time these recent studies
outline both a good knowledge of the
territory and of its geological setting which
was used at the best in developing the right
exploitation  techniques. That  was
particularly true in Ancient Egypt (Arnold,
1991; Aufrére, 1991).

The Wadi Hammamat represents a
“landscape archive” where it is possible to
study the ancient quarrying and mining
processes and the social and geological
knowledge context in which these processes
where developed.

Previous studies (Ortolani, 1989; Arnold,
1991; Klemm & Klemm, 1993/2008; Meyer,
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1997; Aston et al., 2000; Klemm et al., 2001;
Sidebotham et al., 2008; Harrell & Storemyr,
2009; Bloxam, 2010), and common
knowledge, were taken into account in order
to create a general historical, social and
economic framework for our research, and
also to date quarries and mines and stone
working technologies (Bessac, 1986; Herz &
Waelkens, 1988; Rockwell, 1990; Waelkens
et al., 1992; Bessac, 1993, 1998; Bessac et
al., 1999; Matthias, 2002; Giampaolo et al.,
2008).

We focussed our research on the

relationships between geology, quarrying
and mining activities with the aim of
recovering ancient excavation techniques.
In our fieldwork, we performed a field
survey of the whole area, all the data
referring to quarrying and mining activity
were implemented, by means of a Palm-PC,
in a GIS, based on Google Earth® images,
with the GPS position in WGS84 coordinate
system.

2 GEOLOGICAL CONTEXT

In the surveyed area (Fig.1), the Precambrian
basement, igneous and metamorphic rocks of
the Neoproterozoic (1,000-542Ma) Arabian-
Nubian Shield, outcrops all along the Middle
Eastern Desert Ridge, below the Meso-
Cainozoic sedimentary cover.
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Figure 1. Geological sketch map of the area
surrounding  the ~ Wadi ~ Hammamat
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(highlighted) in the Eastern Desert Ridge
(modified from Fowler & Osman 2001).

The Precambrian outcrops in a broad
structural high which is bounded by
Cretaceous to Miocene continental to
shallow-water formations on both the east
and west sides, Holocene continental
deposits are present in the Nile Valley and
on the Red Sea coastal plane (Said, 1962;
Said Ed., 1990; Tawadros, 2001; Sampsell,
2003). In the core of the ridge, south of the
Wadi Hammamat there is the Sibai Dome,
while the Meatiq Dome lies at its north
(Eliwa et al., 2006).

In the Wadi Hammamat area, where there
are with the most important historically
exploited natural resources, there are
outcrops of the clastic deposits of the
Hammamat Group, of metabasites of the
Ophiolitic Melange and of granitic bodies.

The Hammamat Group is intruded, and
locally contact metamorphosed, by the
younger granite bodies, as the Um Ba’anib
and the Atallah felsic plutonic complexes,
intruded until about 550Ma (Akaad &
Noweir, 1969; Essawy & Abu Zeid, 1972;
Unzog & Kurz, 2000; Eliwa et al., 2006) and
the Um Had granitic pluton (Akaad &
Noweir, 1980). Faults and dikes, related to
the late granitic intrusion, cross-cut the older
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
Conglomerate, Rasafa Silstone. The Igla
Fmt. is composed by  arenites,
conglomerates, wakes and red-purple to
brick-red haematitic siltstones.

The Hammamat Group (Akaad & Noweir,
1969) consisted, originally, of immature to
sub-mature  interbedded sequences of
mudstones, siltstones, quartz arenites,
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greywackes and conglomerates that belong
to the molasse facies; the sedimentary
succession is up to 4,000m in thickness and
aged to 616-590Ma.

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

Lamination and bedding structures are
well-developed in the metasiltstones and
metagreywackes, they resemble alternating
parallel laminae and thin beds (up to 10cm
thick) of darker and lighter material of
different grain size in matrix or not.

Metasiltstones and metagreywackes are
much more abundant than
metaconglomerates, these last are fine

grained and exhibit a variety of colors:
greenish-grey, dark-grey, brown, and brick-
red, cross-bedded layers of metagreywacke
can reach up to 40m in thickness. The
metaconglomerates are massive and poorly
sorted, and composed of oval, rounded and
sub angular rock fragments from a few to
15cm in diameter, cemented by a finer
greenish-grey to brownish matrix. The
pebbles are of various rock types, including
volcanic rocks, granitoids, and reworked
fine-grained sedimentary rocks. In the Wadi
Hammamat area clasts were derived from
30% mafic rocks, 25% granodiorite, 25%
intermediate volcanics and 20% felsic
volcanics (Holail & Moghazi, 1998).

The first modern geological map of the
Wadi Hammamat area, surveyed at the scale
1:40,000, was done by El-Ramly & Akaad
(1960), the area was then mapped by Akaad
& Noweir (1978) at the scale 1:50,000 and
with a much more geostructural detail by
Fowler & Osman (2001). However, before
all these studies, the “geology” of the Wadi
Hammamat area was also reported in a
papyrus scroll, now displayed in the
Egyptian Museum in Turin (Italy) and
known as the “Turin Mine Papyrus”. The
Papyrus dates back to the reign of Ramesses
IV (20" Dynasty, New Kingdom) and
probably was drawn by the scribe
Amennakht during one of the quarrying
expeditions to the Wadi Hammamat ordered
by the Pharaoh (1,153-1,147 B.C.).

According with the reconstruction by
Harrell & Brown (1992), we georeferenced
the Papyrus map on Google-Earth® images

(Fig.2).

Figure 2. Harrell & Brown 1992
interpretation of the Turin Mine Papyrus
georeferenced on Google Earth® image, the
colours correspond as reported in the
Papyrus and result consistent with the main
geological units.

That resulted very fruitful for a fieldwork
based on WGS84 GPS data. The Papyrus
shows some coloured areas, which,
according to the reconstruction by Harrell &
Brown (1992), well fit with the main
geological units, and for this reason the
Papyrus can be considered to be the oldest
geological map in the world.

3 GOLD-ORES AND MINE
EXPLOITATION TECHNIQUES

Gold in Egypt occurs both in alluvial placers
and in primary ore bodies in quartz veins
(Klemm et al., 2001), like in the Wadi
Hammamat area. Quartz veins intruded into
the surrounding rocks during the latest
plutonic activity of the Um Ba’anib and
Atallah plutons.

Early techniques consisted in making a
fire against the rock outcrop in order to heat
it up, and then douse it by cold water
(Ogden, 2000; Klemm et al., 2001). The
sudden change in temperature crumbled the
rock revealing the presence of gold; this
technique was used in open-cast trenches
following the quartz veins along the surface.
The rock was then powdered and ‘washed’,

"
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exactly as it was done with alluvial gold.
(Vercoutter, 1959; Ogden, 2000; Sidebotham
et al,, 2008). Thanks to newer excavation
techniques, which were performed using
copper, bronze and later iron tools,

Egyptians were able, from the Late New
Kingdom (Ogden, 2000; Klemm et al., 2001;
Sidebotham et al., 2008), to re-open the
previous abandoned mines digging shafts
horizontally or diagonally into the sides of
mountains

(Fig.3).

following the quartz veins

r,*_ 2 oy % e, ? o ‘-.?‘\"‘/:‘;; ¥
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-stone
walls and platforms at various levels to help
in raising and lowering workers, baskets,
tools, and ore.

The organization of mining operations
during the Ptolemaic period, II Century B.C.,
was described with full particulars by a
Greek author, Agatharchides of Cnidus, as
recorded one century later by the historian
Diodorus Siculus (Bibliotheca Historica, 111,
12-14; for the text see point 12, 13, 14 at:
http://penelope.uchicago.edu/Thayer/E/Rom
an/Texts/Diodorus_Siculus/3A*.html).

The evidence in the mines and settlement
sites fit perfectly with his description of that
hard and crude job.

That general organization of the mining
work implies a whole chain of organized
staff: many slaves who were either prisoners
of war or convicts (“damnata ad metalla™),
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but also paupers, often with their entire
families - for the rough excavation and
transport work and for milling and washing
the ore, guardians, a few skilled free workers
to maintain control, choose the rock and melt
the gold, officials, and at least a probator
(geologist) for managing the mines and the
gold transport.

4 ORNAMENTAL STONES AND
EXPLOITATION TECHNIQUES

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

1 - Bekhen-stone

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 Bekhen-stone

The bekhen-stone (as it was called in ancient
Egypt) is the famous dark grey/green
ornamental stone formerly called Basanites,
(Lapis Basanites - probably from the same
ancient Egyptian bxn: Harrell 1995)
(http://www.museo.isprambiente.it/schedeM
appa.page?docld=707).

The analysts of the XIX century could
only analyze very small samples from
artifacts of which they did not know the
provenance, and because of the minero-
petrographic composition of the stone
samples, they classified them as a special
“type of basalt”. Subsequently, when a
similar type of basalt (typical from hot-spot
source) was found, it was called Basanite.

But Basanites bekhen-stone is a
continental clastic sedimentary rock, only
locally = metamorphosed by  contact
metamorphism due to plutonic intrusions,
which was derived from the dismantling of
mainly basic rocks, and also old granite and
carbonate ones, so that the minero-
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petrographic assemblages are the same,
though the geological origin is totally
different.

Therefore for this ornamental stone the
name Basanite has been dismissed and now
the original name is used, bekhen-stone.
During our field work we surveyed several
quarries that exploited the bekhen-stone.

4.1.1 Geology

In the Wadi Hammamat, the bekhen-stone
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
greyish-green, medium- to very fine-
grained, occasionally pebbly, chloritic
greywacke, mainly composed of fine to very
fine sand grains (0.06-0.2mm) and dark-
grey-green, basalt-looking, siltstone. This
last lithofacies outcrops mainly in the
eastern side of the quarry area.

The grains are mostly quartz, with minor
oligoclase-andesine plagioclase and felsic to
intermediate volcanic rock fragments plus
rare muscovite. The matrix is composed by
chlorite and sericite plus minor amounts of
epidote and calcite. The layering dips 45°
towards the east.

The bekhen-stone rock-mass presents
three joint sets: two vertical, at about 90°
and trending around E-W and N-S
respectively, and one sub-horizontal; the
joints are up to a few meters spaced so they
delimit natural blocks up to a few cubic
meters in volume.

4.1.2 - Quarrying

The slopes of the wadi are generally covered
by debris, therefore we can suppose,
according to the general geomining
concepts, that the first quarries were opened
in the lower outcrops at the base of the
slopes. When the highness of the quarry face
made further exploitation of the quarry
difficult, in combination with the difficulty
posed by overhanging debris, quarriers
moved the quarrying activity to an upper
outcrop, creating access with tracks and

ramps and sledge-ways for handling blocks
and setting up new logistics.

Most recently Spencer (2011) reports the
finding of “four hitherto unknown Early
Dynastic quarries located at high elevations
on the Bekhen Mountain”.

Quarries were opened in the main natural
outcrops, on the cliffs bounding the wadi.
Quarriers used the three sets of joints (Fig.4)
as preferential surfaces to dismantle the
rock-mass into blocks and then let them fall
down the slope to the wadi floor.

2t o - o A - > mi
Figure 4. The main outcrop of the bekhen-
stone: the three almost orthogonal joint sets

which were used in order to dismantle the
rock and collect cut blocks down-slope.

One of the main problems was to
dismantle, but keep intact while being
transported down-slope, a block of stone the
right size for the ordered statue or
sarcophagus. According to an inscription,
Meri, the leader of a quarrying expedition in
the reign of Amenembhet III (ca.1,810 B.C.),
in order to keep the stone blocks intact
down-slope, built the first inclined plane
(sledge-way) to slide the blocks down
(Montet, 1959). The Romans built a very
long sledge-way in order to bring down
blocks from a quarry opened up in the slope
(Fig.5).

In order to dismantle the rock-mass and
dress the blocks, quarriers used handspikes
of stone and later copper, bronze and iron
tools and chisels, and wood hammers
(Harrell & Storemyr, 2009).
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Figure 5. General view of the main Roman
sledge-way driven above the ancient quarries
of the bekhen-stone opened at the base of the
slope.

Then, the collected blocks were dressed in
situ to the right size, because the layering
represents a natural surface of weakness, the
hand worked blocks could break during the
dressing.

The hand worked blocks were not finished
or polished, usually these actions were
completed only at the final destination, so
that the finished surfaces were not damaged
during the transport.

4.1.3 Use

The bekhen-stone is a beautiful grey/green
ornamental stone prized for all kinds of
artistic production. It was already quarried in
the Predynastic period (Nagada I e Nagada II
- Lazzarini 2002), and a large number of
artifacts in bekhen-stone have been found in
pyramids, tombs and temples, many ancient
Pharaohs having had their sarcophagus made
with bekhen-stone (e.g.: Unas, Teti, Pepy I,
Merenre - Old Kingdom) (Aston et al.,
2000). The statue of Darius in Persepolis
was made of bekhen-stone, and the Romans
largely used the bekhen-stone both for
mediatic purpose and for the production of
bowls, statues and sarcophaguses, until the
III Century A.D. (Borghini, 1989; Lazzarini,
2002; Giampaolo et al., 2008).

The quarries were still being worked
during the late Roman times, but with the
decline of the Empire the request for bekhen-
stone diminished: many blocks still lie
abandoned along the wadi.
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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).

We numbered two quarries of “Breccia
Verde Antica”.

4.2.1 - Geology

Breccia Verde Antica was quarried from the
Um Had Conglomerate Member of the
Hammamat Group, it is a dark-, purplish-
and greenish-grey to mainly greyish-green,
chloritic siltstone, with a few layers of
pudding (Harrel et al., 2002). This last is a
clast-supported pudding with greenish
chloritic matrix (locally reddish), silt-
grained, with a few levels of well-rounded
sub-spherical pebbly to cobbly (until 25cm
in diameter) clasts of many different
lithologies (granites, limestones, meta-
basites, chert, ...) and colours (white, pink,
red, yellow, brown, green and grey).

The pudding layers have a bimodal
texture, with the pebbles surrounded and
supported by a coarse- to very coarse-
grained sandy matrix with chlorite, sericite
and epidote plus minor amounts of calcite
and iron oxides. The two main pudding
layers are up to a meter thick, and both were
quarried as “Breccia Verde Antica”.

The lithological layering dips of about 45°
towards East and represents a natural
discontinuity.

The pudding layers are cut by two joint
sets which lie at about 90° to each other, and
trend around E-W and N-S respectively,
lying  normally to  the layering.
Discontinuities are spaced a few meters apart
and delimit natural blocks some cubic meters
in volume.

4.2.2 - Quarrying

Quarriers used the natural discontinuities as
preferential surfaces to force the block to fall
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 a
down-slop dip, because this setting fostered
a “controlled” slip-down of the extracted
stone-blocks.

In one of the quarry, probably worked out
by the Romans, an undercut technique was
used which led to a general rock-fall of a
huge mass of the pudding layer down into
the wadi bottom.

The fallen blocks were up to many cubic
meters in volume and therefore were later
cut into smaller blocks dressed to the right
size. In order to reduce blocks to the right
size a line of wedge-shaped holes was
chiselled, and then subsequently iron wedges
were inserted into the holes and hammered
until the block split along the line of holes

(Fig.6).

§ = =

& S : } ol =1

igure 6. The main quarry of “Breccia Verde
Antica”: the outcrop was dismantled
according to its natural discontinuity

network, the fallen blocks were subsequently
dressed to the right size.

Wedging was used for rough splitting,
but, for a more controlled cut, quarriers used
the “pointillé” pits method: a straight line of
small, shallow pits was chiselled across the
block surface, then quarriers inserted special
short chisels along the pits and hammered
them back and forth until the block split
away (Harrell & Storemyr, 2009).

4.2.3 - Use

In the Pharaonic period the Breccia Verde
Antica was seldom used: the fragment of the
head from the lid of the inner sarcophagus

belonging to Ramses II is considered to be
made of “green conglomerate”, and the
sarcophagus of Nectanebo II as well (both in
the British Museum) (Aston et al., 2000; De
Putter & Karlshausen, 1992). “Breccia Verde
Antica” was used by the Romans to make
many beautiful bowls and other objects, the
most outstanding ones being the column,
made by the order of Emperor Justinian (VI
Century A.D.) for the church of San Vitale
in Ravenna (Italy), where it still is, and three
other columns in Rome (Borghini, 1989;
Harrel et al., 2002).

4.3 Granite of the Wadi Umm Fawakhir

Close to Bir Umm Fawakhir there are some
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);
all the fine particles had been removed by
wind and rainfall; large amounts of residual
core stones are present.

4.3.2 - Quarrying

The quarriers used boulders and cobbles or,
due to it massive setting (Fig.7).

Figure 7. The main of the small granite
quarries at Bir Umm Fawakhir.
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The granite was cut by means of lines of
close spaced large wedge shaped holes into
which were hammered iron wedges to split
the rock into blocks Boulders and blocks
were sized to the final shape, but not
finished.

4.3.3 - Use

This granite was used by the Romans in the I
and II centuries only for columns and pillars
and for tiles, and can be found in Rome,
Verona, Venice (St. Mark’s Basilica),
Pompeii, Herculaneum, Leptis Magna,
Apollonia, Tyre (Borghini, 1989; Lazzarini,
2002).

The buildings of the local settlements are
made by cobblestone and small boulders
(“collection and use”, Coli & Marino, 2008)
of the local granite debris and regolite which
were abundantly lying on the neighbouring
ground. From our field observations it
appears that this granite was used locally by
the Romans/Byzantine for special structural
purposes like bars, tiles, lintels, jambs.

4.4 “Serpentina Muschinata”

In a tributary of the Wadi Umm Esh, close to
its confluence with the Wadi Atallah, the
Romans opened a quarry in the local
serpentine, the ornamental stone that is also
known as “Marmo verde ranocchia” or Lapis
Batrachites (Borghini, 1989; Lazzarini,
2002)
(http://www.musnaf.unisi.it/dettagliomarmi.
asp?param=2&idnazione=5&id=1765).

The Serpentina Moschinata was commonly
used from the Predynastic period to the New
Kingdom and perhaps was partially used
during the Ptolemaic period, too (Aston et

al., 2000).
The Romans used this ornamental stone
for tiles (Baia, Pompeii, Herculaneum,

Rome, Leptis Magna, Cyrene, Cos) and for
small statues (Borghini, 1989; Lazzarini,
2002).

4.4.1 - Geology

This serpentine was part of the Ophiolite
suite of the basement core complex. Two
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varieties of this serpentine were quarried
(Aston et al., 2000): variety 1 is grayish to
greenish with black veins or patches, it is
mainly a fine grained antigorite with rare
chrisotile, lizardite and scattered veins of
dolomite,  plus accessory  minerals
(magnetite, talc and tremolite). Variety 2 is
mostly black and speckled with grey and
brown grains with a matrix of antigorite in
mesh structure with iron oxide grains
resembling olivine crystals and scattered
pseudomorphs of pyroxenes. Black veins of
magnetite are particularly evident.

4.4.2 - Quarrying

Brown & Harrell (1995) report a partial
destruction of the quarry due to a recent
quarrying activity, but the scarce remains of
Roman buildings are still present.

5 SETTLEMENTS

Along the whole Wadi Hammamat area there
are remains of settlements connected with
quarries and mines, the settlement housed
the people and were also the places where
the gold-ore was worked.

Ruins of little settlements are close to the
Bekhen-stone and “Serpentina Moschinata”
quarries, ruins of several little settlements
are preserved in the Wadi Atallah and Wadi
el Sid, close to mine and quarry sites. The
main settlement was Bir Umm Fawakhir
(Meyer, 1997, 1998; Meyer et al., 2000,
2011).

According with Meyer (1997, 1998) these
settlements housed about one thousand
people in Byzantine times, mainly
administrative staff and career miners with
their entire families (Meyer et al., 2003).
Generally speaking, we want to highlight
that also in the most remote quarry sites of
the Eastern Desert the Romans had a high
living standard (Van der Veen, 1997; Meyer
et al., 2003).

The settlement buildings are reduced to a
few basements of huts made up in stacked-
stone cobblestone and small boulders of the
local granite, at Bir Umm Fawakhir there are
also the remains of some working tools
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(mortars and mills), made with the local
granite (Fig.8).

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

6 SAFEGUARD STRUCTURES

In order to safeguard the gold mines, the
quarries and the trades the Romans built up
8 forts (praesidia) and 65 signal towers
(skopeloi) all along the Koptos-Quseir road
(Zitterkopf& Sidebotham, 1989; Sidebotham
et al., 2008). Forts, which were supposed to
have had each one a well (hydreuma), were
erected at a day’s walk distance away from
one another (about 20km). Each praesidium
hosted a garrison of about 50-70 Egyptian
auxiliaries and furnished rest and water to
travellers, who had to pay a toll to pass
through (Sidebotham et al., 2008) (Tab.1).
The garrison also supplied sentinels for the
signal towers and escort to travellers.

The praesidia are roughly squared with
sides of about 40m to 50m and perimeter
walls about 1,5m thick. Depending upon
location the walls were built of boulder and
cobbles collected near the site, and of stone
slabs sized by workers, dry-stacked with
soils as binder.

For some main specific structural
elements, however, like the door-posts of the
forts, the Romans used granite (Fig.9) that
we believe came from the Bir Umm
Fawakhir quarries.

Table 1. Tolls due in the year 90 A.D. along
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

helmsmen: 10 drachmas
- seamen: 5 drachmas
- shipyard hands: 5 drachmas
- skilled artisans: 8 drachmas
- wife of a soldier: 20 drachmas
- mounted head of household: 1 dracrma
- all his women: 4 drachmas each
- aprostitute: 108 drachmas
- acamel: 1 obol
- adonkey: 2 obols
- awagon: 4 drachmas
- aship's mast: 20 drachmas

0

praesidium made with the granite from Bir
Umm Fawakhir, whose walls were built by
schists from the surrounding rocks.

A chain of 65 signal towers (Zitterkopf &
Sidebotham, 1989) allowed strict control of
the whole road, as the towers would have
been visible one to another so that messages
could be quickly transmitted by mirrors and
flags; fire signals would rarely, if ever be
used (Sidebotham et al., 2008) (Fig.10).
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Figure 10. One of the best preserved signal
towers: it is squared and built with slabs of
the local schists (reconstructions from
Sidebotham et al. 2008).

Towers were built with stones collected in
the neighbourhood, therefore, according to
the local stone resources, they were built in
granites, schists, metabasites). Stones were
carefully stacked without mortar and with
the inner filled by debris; they were roughly
squared about 3,0-3,5m a side and a few
meters high (Sidebotham et al., 2008).

7 FINAL REMARKS

The results of the research outline a strict
relationship between geological setting,
quarry and mine sites, and excavation
techniques, which in turn attest and confirm,
once again, the good knowledge of the
territory and its setting that both the
Egyptians and the Romans/Byzantines had.
A follow-up of this study could be done to
define criteria and develop methods of
conservation for the great cultural heritage in
the Wadi Hammamat area: mines, quarries,
settlements, inscriptions, and the whole
know-how of ancient extraction activity. In
our opinion that goal can be reached by:
-creating a museum in the degraded
hydreuma of El-Fawakhir in which the
history, the technology and the life related
to the extraction activity in the area could
be displayed,
- organizing guided visits to quarry and mine
sites.
Indeed, existing local knowledge and
written history provide the elements to
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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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Cekme Kepgeli Yerkazarin Alt Sistemlerinin Giivenilirligi
Reliability of Dragline’s Subsystems

O. Golbasi, N. Demirel, D. Tuncay, §. Diizgiin
Orta Dogu Teknik Universitesi, Maden Miihendisligi Boliimii, Ankara

S. Kestel )
Orta Dogu Teknik Universitesi, Uygulamali Matematik Enstitiisii, Ankara

OZET Sistemler, belirli bir isi belirtilmis bir siire icerisinde yerine getirmeyi amaglayan
fonksiyonel mekanizmalardir. Sistemlerin isleyisinde, i¢ ve dis faktorlerden kaynakli zorunlu
duraksamalarla karsilasilmaktadir. Bu duraksamalarin nedenleri ve zamansal miktarlarina ait
geemis veriler, sistemin anlik giivenirliginin tahminine, kritik pargalarin tespitine ve bakim-
onarim planlarinin iyilestirilmesine yardimci olabilir. Ozellikle uzay ve havacilik gibi
arizalarin asgari seviyeye c¢ekilmesi gereken alanlarda siklikla kullanilan giivenilirlik
analizleri, ortii kazi islemlerinde kullanilan maden makinalarinda da artan bir ivmeyle
kullanilmaktadir. Bu ¢alisma, ¢ekme kepceli yerkazarm alt sistemlerinin giivenilirliklerinin
bulunmas: ve bdylelikle makinenin biitlinsel giivenirliginin hesaplanmasina dair metodolojiyi
icermektedir. Caligma dahilinde, makineye dair ge¢mis veriler alt sistemlerine gore
siniflandirilmis, genel yenileme siireci (general renewal process) kullanilarak giivenilirlik
hesaplamalar1 yapilmistir.

ABSTRACT Systems are functional mechanisms, intending to perform a specific task in a
defined time period. During the operations of systems, it is encountered with the imperative
shutdowns due to external and internal considerations. Retrospective data covering the causes
of the shutdowns and their durations can help to predict the time-dependent reliability
amounts of the system, detect the critical parts, and improve the maintenance and repair plans.
Reliability analyses, especially common at the industries in need of minimum malfunction
such as aeronautics and space industry, are also utilized in the excavation machines in mining
industry with an increasing trend. This study contains the methodology to determine the
reliabilities of dragline’s subsystems, and so, to find the overall reliability of dragline. For this
reason, recent data belonging to dragline were classified according to its subsystems;
reliability calculations were performed using general renewal process.
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1 GiRiS

Acik ocak komiir madenciliginde maliyeti en
cok etkileyen faktor Ortii-kazi orani ve
dolayistyla oOrtli-kazt maliyetidir. Yiiriiyen
¢cekme  kepgeli  yerkazarlar, 25 m
kalmhigindaki ortii katmanini yeniden kazi
yapmadan  kaldirabilmesi  ve  nakliye
araclarina gerek duymamasindan dolay1
diistik birim maliyetine sahiptir. Cekme
kepgeli ortii kazi yontemi 30-35 m'ye kadar
olan oOrtli kalinhiklarinda en ekonomik
yontemdir (Koése ve Yalcin, 1985). Bu
yontem, kamyon ve ekskavator ihtiyacini
asgari seviyeye indirmekte, kisa dongi
siireleri ile yliksek tiretim saglamaktadir. Bu
yerkazarlar,  avantajlariin  yan1  swra
dezavantajlar da barindirmaktadir.
Kullanilan  yerkazarlarin  arizalarindan
kaynakli duraksamalar, iretimi dogrudan
etkilemekte, karsilasilabilecek katastrofik
arizalar yikli miktarda maddi ve zaman
kaybina neden olabilmektedir. Is planm
dogrudan etkileyebilen bdyle bir makinadaki
olugabilecek arizalarinin  Onceden tespit
edilmesi ve buna bagl bakim ve
onarim  planlar1  olusturulmasi,
verimliligini azami seviyeye ¢ekilmesi
agisindan  Onemlidir.  Bu  bakimdan,
giivenilirlik analizleri, pek c¢ok sektorde
faydalanilmakta, bir sistemin ge¢cmise doniik
verileriyle  gelecege yonelik tahminler
yapmay1 saglamaktadir. Bu caligma, Tiirkiye
Komiir Isletmeleri Kurumu’na bagl Garp
Linyitleri Isletmesi’nde (GLI) ortii kazi
faaliyetinde kullanilan iki adet ¢ekme kepgeli
yerkazarin alt sistemlerine ait giivenilirlik
tahminlerini igermektedir.

uretim

2 MADEN MAKINALARINDA

GUVENILIRLIK

Giivenilirlik, bir {irlinlin veya sistemin, belirli
fonksiyonel ve g¢evresel kosullara sahip bir

zaman araliginda arizalanmama  veya
bagarisiz olmadan veya arizalanmadan
calisma  olasiligidir  (Bertsche, 2008).

Makinalarin  yiiksek oranda kullanildig:
madenlerde iiretimin siirdiiriilebilirligi ve
verimliligi, kullanilan is makinalariin
belirlenen siireler icerisinde iiretim planina

22

uygun sekilde ¢aligsmasiyla yakindan ilgilidir.
Uretim sistemi igerisindeki her bir elemanm
giivenilirliklerinin belirlenmesiyle, muhtemel
duraklamalar azaltilabilir ve boylelikle
verimlilik arttirilabilir. Bu konuda literatiirde
pek ¢ok calisma mevcuttur. Ornegin, Kumar
ve Barabady (2007) Iran’daki Jajarm boksit
madenindeki kiric1 devresinin giivenilirligini
devreye ait her alt birimin giivenilirliklerini
bularak tahmin etmeye calismis, en kritik
pargalart tespit etmislerdir. Roy vd. (2001)
dort adet kepgeye ait ariza verilerinden
yararlanarak, bu kepcelere ait genel bir
giivenilirlik modeli ¢ikarmaya ve verimli
bakim araliklarini belirlemeye ¢alismiglardir.
Samanta vd. (2004), LHD’ nin giivenilirligine
Markov modeliyle agiklama getirmeye
calismigtir. Diger taraftan, Lhorente (2004)
elektrikli maden kamyonunun  motor
armatlirine en uygun yas-bazli bakim
stratejisini belirlemeyi amaglamgtir.

3 CALISMA KAPSAMI

Calisma alan1 olarak t{ilkemizde bulunan
dokuz adet c¢ekme-kepgeli yerkazardan
ikisini biinyesinde barindiran Tiirkiye K&miir
Isletmeleri Kurumu’na baglh Garp Linyitleri
Isletmesi (GLI) Miiessesesi Tungbilek komiir
ocagi secilmistir. GLI Miiessesesi
Midiirliigii agik ocak isletmelerinde kdmiir
iretimi iist Ortiinlin ekskavator-kamyon ve
cekme-kepceli yerkazarlarla alinmasi ve
kdmiiriin hidrolik ve elektrikli
ekskavatorlerle kazilmasiyla
gergeklestirilmektedir. Dilimleri olusturmak
icin ¢ekme-kepgeli yerkazarlarin calismasi
igin panolar oOnceden ekskavator-kamyon
yontemiyle ortii kazisi yapilmaktadir. Yillik
25-26 milyon m>i isletme imkanlariyla
olmak iizere 60-65 milyon m’ dekapaj
yapilmaktadir. Komiir ocaginda calistirilan
¢ekme-kepeeli iki yerkazarin model ve kepge
kapasiteleri sirastyla Page 736 (15.30 m’) ve
Marion 7820 (30.60 m’)’tiir. Bu iki ¢ekme-
kepceli yer kazara ait 1998-2011 tarihleri
arasindaki giinliik ariza ve bakim onarim
verisi ¢alisma sahasindan temin edilmistir.
Page 736 icin toplam 1034 ariza verisi,
Marion 7820 igin ise toplam 1155 ariza
verisi mevcuttur.  Her iki veri seti de
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arizalarin tiirii, arizalarin agiklamasi, ariza
girig-¢ikis tarihleri ve bu tarihler arasindaki

gecen ariza siiresini igcermektedir.
Hesaplanan ariza sayilart ve siirelerinin
yillara  gore  dagilimi  Sekil  1°den
incelenebilir. Page i¢in 2002 ve 2011,

Marion i¢in ise 1998, 2000, 2004, 2008,

2009 ve 2010 tarihlerinde genis caph
yenileme c¢alismalar1 yapilmis, arizalarin bu
seneler igerisinde azalmasi saglanmistir
(Sekil 1). Arniza verilerine ek olarak,
makinalarin ariza ¢oziimlerinde kullanilmak
tizere her iki makinaya ait makina parca
kataloglar1 da temin edilmistir.

Ariza Sayisi
g 8

o

> o B BIET

yil
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1

0.0

l OPage 736-Arniza Sayilan mManon 7820-Anza Saylan sPage 736-Ariza Surelen aMarnon 7820-Anza Surelen]

Sekil 1. Page 736 ve Marion 7820 i¢in Yillara gore Ariza Say1 ve Siirelerinin Dagilimi

4 CEKME KEPCELi YERKAZARIN
ALT SISTEMLERI

Biitiin bir sistemin giivenilirligi, bu sistemi
olusturan pargalarin bilesenlerin
giivenilirliklerine bagli oldugundan, bu
bilesenlerin  sistemin  biitiinii ile nasil
baglantili oldugunun ve ariza yapmasi
durumunda sistemin performansin1  nasil
etkilediginin bilinmesi gerekir. Herhangi bir
sistem giivenilirligi caligmasinda sistemin
¢Oziimlenmesi ya  da  bilesenlerinin
belirlenmesi c¢aligmanin en onemli ve ilk
asamasidir.

Bu calismada ¢ekme-kepgeli yerkazar
birimlerinin ¢alisma prensipleri ve makina
par¢a kataloglar1 incelenmis ve makina
baslica yedi boliime ayrilmistir. Bunlar ¢ekis
iinitesi, kaldiris tinitesi, kepce tiinitesi, terazi
tnitesi, bum initesi, hareket Unitesi ve
makina dairesidir. Cekis linitesi, yerkazarin
kepgesini ana govdesine dogru c¢ekerek
dolma islemini gergeklestirmesine yarayan
mekanik parcalart barindirmaktadir. Kaldirig
tnitesi ise dolum islemi tamamlandiktan

kepcenin yukari-agagi hareketiyle gorevli
parcalar igermektedir. Ortii kazi1 faaliyetinin
fiziksel olarak gergeklestigi, zeminle temasin
kuruldugu alan ise kepge linitesine dahildir.
Dolu kepgenin dengeli sekilde havada
kalabilmesini ve ¢ekis ve kaldiris iiniteleri
arasinda baglanti kurarak, kepge agzmnin
inme-kalkma hareketini ve dolayisiyla yiikiin
bosaltimini saglayan elemanlar terazi iinitesi
igerisindedir. Kepgenin askida kalarak kazi
alanindan  dokiim  sahasina  hareketini
saglayan, olusan yike ve merkez-kag
kuvvetlerine kars1 destek saglayan kisimlar
bum initesi igerisinde bulunmaktadir.
Cekme kepgenin yiirilylis ve doniisiinii
saglayan mekanik pargalar ise hareket linitesi
icerisindedir. Makinanin, kaldirig, ¢ekis ve
hareket gibi faaliyetleri, makina dairesinde
bulunan motor jeneratdrler yardimiyla
saglanmaktadir. Motor, jeneratér ve bu
elektrikli  parcalarin  yaglama kisimlar
makina dairesi iinitesi altinda toplanmistir.
Cekme kepgeli yerkazarin alt {initelerinin
birbirlerine gore konumlar:t Sekil 2’den
incelenebilir.
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Sekil 2. Cekme Kepgeli Yerkazarm Alt Uniteleri
5 GUVENILIRLIK ANALIZi Cekme  kepgeli  yerkazarin  alt
sistemlerinin giivenilirliklerinin
Cekme  kepgeli  yerkazar, igerisinde saptanmasindan Once, makinalara ait

onarilamaz pargalar da barindiran onarilabilir
bir sistemdir. Bu sistemdeki mekaniksel veya
elektriksel sorunlar, ya parcalarin tekrardan
eski  ayarlarina  getirilmesi ya da
degistirilmesi yoluyla diizeltilebilir. Genel
itibariyle bir sistemin giivenilirligi, kendisini
olusturan alt sistemlerin giivenilirlikleriyle
bulunur. Bu alt sistemler {i¢ gesit etkilesim
icinde olabilirler: seri, paralel ve bunlarin
birlesimi. Seri bagli sistemler, birbirlerini
seri  sekilde baglhi ve  birbirlerinin
giivenilirliklerini dogrudan etkileyen
sistemlerdir. Bu  sistemlerin  birisinde
yasanacak ariza, biitiin sistemi
islevsizlestirecektir. Paralel bagl bir sistemin
tamamen islevsizlesmesi i¢in ise tiim alt
birimlerin  islevsizlesmesi gerekmektedir.
Sekil 2’den de incelenebilecegi gibi, ¢ekme
kepceli yerkazarin {initeleri birbirine seri
halde baglidir. Herhangi bir tinitede meydana
gelecek ariza, makinanin tamirat siiresi
boyunca islevsizlesmesine yol agacaktir.
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verilerin rasgelelik (randomness) degerleri
belirlenmelidir. Degerlerin rasgeleligi
tekrarlar sinamasi (run test) ile belirlenebilir.
Testin  icindeki  sifir  hipotezi  (null
hypothesis) “Hy:Veri Dagilim rastgeledir (ya
da bagimsizdir)” olarak tamimlanir. Karsit
hipotez (alternative hypothesis) ise verinin
rasgele (ya da bagimsiz) olmadigint savunur.
Bu testin yani sira, veri kiimelenmesi
(clustering), dagilim karigimi  (mixture),
egilim (trend), ve veri salinimlarinin
(oscillation) da incelenmesi, veri
bagimsizligim etkileyen sebeplerin
anlagilmasinda yardimci olacaktir. Yapilan
testler neticesinde verilerin  dagiliminin
giivenilirlik analizi i¢in uygun oldugu
anlagilmigtir. Sekil 3°de Page 736 ¢ekme
kepgeli yerkazarin terazi {initesi i¢in yapilan
ornek test goriilmektedir. Rasgelelik analizi
tamamlandiktan sonra, onarilabilir sistemler
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Sekil 3. Page 736 Terazi Unitesi igin Tekrarlar Sinamasi (Run Test)

icin kullanilan genel yenileme siireci
(general renewal process - GRP) ile
giivenilirlik degerleri bulunmaktadir.
Onarilabilir sistemler i¢in en yaygin olarak
kullanilan giivenilirlik yontemleri kusursuz
yenileme siireci (perfect renewall process —
RP) ve homojen olmayan Poisson siirecidir
(nonhomogeneous Poisson process — NHPP)
(Mettas ve Zhao, 2005). Bu iki analiz ¢esidi,
makinanin ariza tamir ve bakiminin
makinanin ¢alisma yasina olan katkisin
irdelemektedir. Kusursuz yenileme
siirecinde, makinanin onarimdan sonra “yeni
gibi” (good as new) durumuna geldigi
varsayilir. Homojen olmayan Poisson siireci
ise makinaya asgari diizeyde bakim
yapildigini ve bu durumda makinanin sadece
“eskisi gibi kotii” (bad as old) haline geri
dondirdiigi  diistiniiliir. Fakat gercekte,
onarim aktivitelerinin ¢ogu bu u¢ durumlarda
degil, genellikle bunlarin arasinda bir
verimlilikte sonu¢lanmaktadir. Bu onarim
verimliligi eskisinden iyi yenisinden kotii
(better than old but worse than new) olarak
nitelendirilebilir (Guo, Liao, ve Pulido, bt).
Bu gibi daha gercek¢i bir yaklagim,
Kijima’nin genel yenileme siireci (general

renewal process - GRP) olarak adlandirilan
istatistik ~ modeliyle desteklenmektedir
(Kaminskiy, 2004). Kijima’nin GRP analizi
giivenilirlik  hesaplamalarina  sanal yas
(virtual age) kavramini getirmigtir. Sanal yas,
makinanin operasyonda kaldigi zamana ve
bu siire igerisinde olusan onarimlarin
sayilarina gore olusturulan bir fonksiyondur.
Belirlenmis zaman araligindaki arizalarin
yogunlugu, operasyon siiresinden daha c¢ok
sanal yas fonksiyonuyla saglanmaktadir.

Cekme kepceli yerkazarlarin, GRP
analizine gore hesaplanmig giivenilirlik
tahminleri Tablo 1’de yer almaktadir. Bu
tabloya gore, 100 saatlik bir ¢aligma
siiresince, Page 736 i¢in en giivenilir alt {inite
terazi Unitesiyken, Marion 7820 icin ise en
giivenlir iinite hareket iinitesidir. Bunun yani
sira, ayni zaman diliminde, ariza vermesi en
muhtemel iinite, Page icin kepge iinitesi,
Marion igin ise makina dairesidir. Page
kepce tnitesinin 100 saatlik bir ¢alismadan
sonra iglevsiz kalma ihtimali 59 %’dur. Aym
sekilde, Marion makina dairesinde 47 %
ihtimalle bir ariza ile karsilagiimasi
muhtemeldir.
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Tablo 1. Cekme Kepgeli Yerkazarlarin Alt Unitelerinin Giivenilirlikleri

Page 736 Uniteleri Marion 7820 Uniteleri
Siire | Cekis Kaldiris Terazi Kepgce Makina  Hareket | Cekis Kaldiris Terazi Kepge Makina Hareket
(Saat) Dairesi Dairesi
10 0.95 0.96 1.00 0.78 0.93 0.94 0.92 0.87 0.93 0.90 0.86 0.95
20 0.90 0.94 1.00 0.69 0.88 0.90 0.87 0.82 0.88 0.84 0.79 0.91
30 0.86 0.92 0.99 0.63 0.85 0.87 0.83 0.78 0.84 0.80 0.74 0.88
40 0.83 0.90 0.99 0.59 0.82 0.84 0.80 0.75 0.80 0.76 0.70 0.86
50 0.79 0.38 0.99 0.55 0.79 0.82 0.77 0.73 0.77 0.72 0.66 0.83
60 0.76 0.86 0.98 0.51 0.77 0.80 0.74 0.70 0.73 0.69 0.63 0.81
70 0.73 0.85 0.98 0.48 0.75 0.78 0.71 0.68 0.71 0.66 0.60 0.79
80 0.71 0.83 0.98 0.46 0.73 0.76 0.69 0.66 0.68 0.64 0.58 0.77
90 0.68 0.82 0.97 0.43 0.71 0.74 0.66 0.64 0.65 0.61 0.56 0.75
100 0.65 0.80 0.97 0.41 0.69 0.73 0.64 0.63 0.63 0.59 0.53 0.73

Alt-sistemlerin  giivenilirlik analizlerinden
yararlanilarak sistemin genel giivenilirligi
hesaplanmistir.  Alt-sistemlerden herhangi
birinde bir ariza olmasi ¢ekme kepgenin
durmasma sebep verdigi i¢in sistemin
giivenilirligi bu alt sistemlerin
giivenilirliklerinin carpimindan elde
edilmigtir. Sekil 4’de ¢ekme kepgelerin
zamana bagl giivenilirlik degisimleri, Tablo

2’de ise bu degisimlere ait sayisal veriler
verilmektedir. Bu tabloya gdre Marion’un
giivenilirligi 10. saate kadar daha hizli bir
ivmeyle diismekte, 10. saatten sonra ise
Marion ve Page birbirlerine yakin bir trend
sergilemektedirler. Her iki ¢ekme kepgeli
yerkazarin giivenilirlikleri 15. saatten sonra
% 50’nin asagisina inmektedir.

Tablo 2. Cekme Kepgeli Yerkazarlarin Zamana Bagli Giivenilirlik Degerleri

Siire (Saat) 10 20 30 40 50 60 70 80 90 100
PAGE 0.60 0.44 0.34 0.27 0.22 0.18 0.15 0.12 0.10 0.09
MARION 0.50 0.33 0.23 0.17 0.13 0.10 0.08 0.06 0.05 0.04
1,20
1,00
5 0,80 —\
5
P
a
=< 0,60
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=
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S0 \
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Sekil 4. Cekme Kepgeli Yerkazarlarin Zamana Bagli Giivenilirlik Degisimler
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6 SONUC

Bu calismada, GLI Miiessesinde faaliyet
gosteren iki adet ¢cekme kepgeli yerkazarin
1998-2011 yillart arasindaki 13 yillik ariza
verilerine dayanilarak giivenilirlik analizi
yapilmistir. Analizlerde genel yenileme
stireci (general renewal process - GRP)
kullanilmis, her bir ¢ekme kepgeli yerkazarin
alt  Unitelerinin  giivenilirlik  degerleri
hesaplanmistir. Yapilan analizlere gore, Page
736, Marion 7820°ye gore daha giivenilir
¢ikmugtir. 10 saatlik bir ¢alisma diliminde
Page’in islevini sorunsuz yerine getirme
ihtimali % 60 iken Marion i¢in bu oran %
50°dir. Bunun sebebi, Page marka ¢ekme
kepgenin Marion’a gore 6 yas daha geng
olmas1, Page kepge kapasitesinin (15.30 m®),
Marion kepce kapasitesinden (30.60 m’)
daha diisiik olmasi ve de buna bagli ariza
farkliliklart ve yogunluklar1 gosterilebilir.
Ayn1 zamanda, 100 saatlik bir ¢alisma siiresi
icinde, Page ¢cekme kepgeli yerkazar i¢in en
giivenilir linite terazi Uinitesi, en az giivenilir
iinite ise kepge tnitesi olarak goriilmektedir.
Marion igin ise hareket iinitesi en giivenilir,
makine dairesi ise en az giivenilir iinitelerdir.
Bu da Marion yerkazarinin motor-jenerator
kisminda normalden ¢ok ariza ¢ikma ihtimali
oldugunu gostermektedir. Yapilan
caligmadaki giivenilirlik oranlarinin zamana
bagh diistisleri dikkate alinarak uygun bakim
ve onarim planlart olusturulmasi, muhtemel
arizalarin 6niine gecmekte yardimeci olabilir.
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Acgik Maden Isletmeciligi Nakliyesinde Kuyruk Modeli ile
Verimlilik Analizi

Efficiency Analysis with Queueing Model at Open Pit Mining
Transportation

G. Konak, T. Malli _
Dokuz Eyliil Universitesi, Maden Miihendisligi Boliimii, [zmir

OZET Giiniimiizde maden isletmelerinin 6nemli problemlerinden olan optimizasyon
tekniklerinden yeterince faydalanilamamasidir. Bu durum, zamanin efektif olarak
kullanilamamasina, makine-ekipmanlarin verimli ¢alistirlamamasina ve dolayisiyla
isletmelerde operasyonel maliyetlerin ylikselmesine neden olmaktadir.

Diinya maden iiretiminin énemli bolimii agik isletme yontemleri ile daha derin kotlarda
yiikselen ortii kaz1 miktarlarinda ve maliyetlerde gergeklestirilmektedir. Bu nedenle rekabet
kosullarina uygun ekonomik iiretim yapilabilmesi i¢in dekapaj maliyetlerinin ve dolayisiyla
birim tretim maliyetlerinin disiirilmesini gerektirmektedir. Acik isletmelerin derinleserek
genislemekte olmas1 maliyetlerinin yarisina yaklasan kamyon nakliyatini daha karmagik ve
pahali hale getirmektedir. Ozellikle tasima maliyetlerinin azaltilmasi isletme giderlerinde
onemli kazanglar sagladigindan, nakliye yOnetim sistemleri de Onem kazanmaktadir.
Ekskavator-kamyon yontemi agik isletme madenciliginde uygulanan en yaygin yontem olup
bu sistemin verimlilik analizinde kullanilan teknikler, genellikle simiilasyon ve kuyruk
modelleridir.

Bu ¢alismada; TKI Ege Linyit Isletmeleri(E.L.I) Kisrakdere panosunda elde edilen dlgiim
degerleri, kuyruk modeli kullanilarak hesaplanan degerler ile karsilastirilarak yiikleme-tagima
operasyonu verimliligi analiz edilmekte ve makine-ekipman kullanim veriminin arttirilmasina
yonelik kamyon atama-izleme teknolojisine dayali 6neriler ortaya konulmaktadir.

ABSTRACT In our day, one of the most important problems of mine exploitations is that
optimization techniques are not benefited at a sufficient level. This situation leads to
ineffective usage of time, inefficient working conditions of machinery-equipment and thus to
the increase of operational costs at mine sites.

Significant parts of mining operations in the world are carried out by open pit mining in
lower level with increasing stripping ratio and costs. The unit costs should be reconsidered to
reduction, due to competition and economical and technical constraints. Although, the open
pits gradually deepen and enlarge in size, the highest cost inputs in mining, the haulage costs
also seem to increase. The minimization of transportation cost is substantial since,
approximately fifty percent of the total cost. The shovel-truck method is the most common
excavation method in open pit mining and the techniques employed in the analysis of this
system are generally the simulation and queuing models.

In this study; the measurement values that were obtained at the Kisrakdere panel of TKI
Aegean Lignite Enterprises were compared to the values computed by using queuing model
and in this manner, the efficiency of loading-haulage operation was analyzed and suggestions
were put forward regarding truck assignment-monitoring technology in order to ensure an
efficient machinery-equipment use.
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1 GiRiS

Diinya maden {iretiminin 6nemli bir
boliimii  acik isletme yontemleri ile
yapilmaktadir.  Yiizeye yakin maden
yataklarinin tiiketilmesi ile birlikte agik
igletme {iretimi daha derin kotlara inmekte
ve kaldirilmasi gereken ortii kazi miktarlari
artmaktadir. Derinlesip genisleyen agik
isletmelerde ortii kazi oraninin yiikselmesi,
maliyet girdileri i¢inde en yiiksek pay1 olan
yiikleme-nakliye maliyetlerini
arttirmaktadir. Rekabet kosullarma uygun
ekonomik iiretim yapilabilmesi i¢in dekapaj
ve dolayistyla birim {iretim maliyetlerinin
diisiiriilmesi gerekmektedir(Kdse vd,2009).
Giliniimiizde, maden isletmeciliginin 6nemli

problemlerinden olan optimizasyon
tekniklerinin yeterli diizeyde
uygulanamamast; efektif zaman

kullaniminda yetersizliklere ve makine-
ekipmanlarin verimli ¢alistirilamamasina
neden olmaktadir. Bu durum, isletmelerde
operasyonel  maliyetlerin  yiikselmesi
dolayistyla birim maliyetlerin  artmasi
anlamina gelmektedir( Mall1, Kose, 2011).
Komiir ve dekapaj malzemesinin taginmast
acik isletme operasyonlarinin en 6nemli
boliimidiir.  Bircok  uzman  nakliye
giderinin, isletme maliyetlerinin % 50°‘sine
ulastig1 gortisiindedir( Gamache M, Alaire
S, 2002). Agik isletmelerin derinlesip
genislemekte olmasi kamyon nakliyatini
daha karmasik ve daha pahali hale
getirmektedir. Ozellikle tagima
maliyetlerinin yiizdesel olarak birka¢ puan
azaltilmas1 igletme giderlerinde Onemli
kazanglar sagladigindan, nakliye yonetim
sistemlerinin kullanimi giderek daha énem
kazanmaktadir. Bu nedenle, kamyon
nakliye sisteminde GPS(kiiresel
konumlama sistemi) tabanli ekskavator-
kamyon atama ve izleme teknolojisi
kullanim1  kagmilmaz olmaktadir(Elevli,
B,Dogan, A,1999). Nakliye sistemlerinin
verimlilik analizinde; genellikle simiilasyon
ve kuyruk modeli teknikleri
kullanilmaktadir(Ergelebi S, 1997).

Kuyruk teorisi modelleri, miisteri bekleme
zamani ile servis sistemi bos kalma zamani
arasindaki dengenin bulunmasma yonelik
olarak kullanilmaktadir. Model, servis
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diizeyini  arttirirken  bekleme  zamani
maliyetini en diisiik diizeyde tutmayi
amagclamaktadir(Oztick A, 2001). Bu
yoniiyle madencilikte ekskavator-kamyon
yonteminde uygulama alan1 bulmaktadir.

2 ACIK ISLETMELERDE
VERIMLILIK

Uretim sistemlerinde; ¢alisma verimliligini
ve  isgiiciini  arttirmak,  hammadde
degisikligi yapmak, yeni bir iriiniin
iretimine gecmek gibi verilmesi gereken
baslica kararlar vardir. Bu kararlarin timii,
kullanilacak ekipmanin yenilenip
degistirilmesini yada mevcut {iretim
siirecine yeni ekipmanlar dahil etmeyi
gerektirmektedir(Yilmaz B., Dagdeviren M,
2010).

Degisik aragtirmacilar, tagima islemlerinde
verimlilik diizeyini arttirmak icin gerekli
ekipmanlarin belirlenmesinde, en uygun
ekipman  se¢imi  i¢in  AHP(Analitik
Hiyerarsi Prosesi) teknigini
uygulamislardir. Makine-ekipman se¢imi
icin ¢ok fazla sayida kriterin ve birden ¢ok
¢Oziim alternatifinin bulundugu ortamlarda
bu yontemden yararlanilarak optimum
kararlar alinabilecegini  gostermislerdir(
Chakraborty S., Banik D., 2006, Basgetin,
A., Kesimal, A.,1999). Chan, malzeme
tasima  ekipman  se¢im  danigmani
(MHESA), uzman sistem ve en iyi ekipman
tipini  sececek  bir AHP  modeli
gelistirmistir(Chan, et al, 2001).

Ancak makine-ekipmanlarin
yenilenmesinin getirdigi finansman
zorluklart, ilk yatinm ve amortismanin
giderinin yiiksek olmasi nedeniyle mevcut
sistemin iyilestirilmesi ve gelistirilmesine
yonelik uygulamalar tercih edilmektedir.
Maden isletmelerinin temel problemleri;
makine-ekipmanin verimli
calistirtlamamast ve bunlarin
optimizasyonu sorunudur. Bu nedenle
isletme giderlerinde Onemli yer tutan
yikleme ve tasima operasyonlarmin
optimizasyonu énem kazanmaktadir.
Tasima sisteminin verimliligi; ekskavator-
kamyon se¢imi, bekleme zamani, operator
verimi, kepce periyodu, malzeme tipi,
dolum faktdrii ve kamyon kasa hacmi ile
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kepce hacminin bir fonksiyonu olarak
tanimlanmaktadir(Parlak, T. 1999,
Paterson, L.B, 2001).

Yiikleme performansinin belirlenmesinde
ise yiikleme periyodu, malzeme yapist ve
boyutu, kazi kolayligi, kabarma faktdri,
dolum faktorii, doniis agis1 ve galisma yeri
faktorii gibi kriterler belirleyici
olmaktadir(Atkinson T., 1992). Verimlilik
ve birim tagima maliyeti, kapasite kullanimi
ile orantili olarak degistigi ig¢in g¢evrim
zamani, isyeri organizasyon faktori, filo
yonetimi ve planlama gibi faktorlerden
etkilenmektedir (Malli, T, 2006).

GPS  tabanli kamyon atama-izleme
sistemlerinin gelistirilmesi, acik
isletmelerde ozellikle yiikleyici ve kamyon
verimlerinde O6nemli Olgiide artis
saglamigtir. Kamyon atama problemlerinin
¢Oziimiinde temel amag, verimlilik artis1 ve
operasyon maliyetlerinin diistiriilmesidir[3].
Sistemin uygulandigi isletmelerde % 20
verimlilik artisi, % 6 ekskavator kullanim
artisi, % 23 kamyon kullanim artigi ve
maliyetlerin % 10 azaltilmas1
saglanmigtir(Malli T., vd, 2011). GPS
tabanli maden yonetim sistemlerin ilk
yatirim tutari, isletmede kullanilan makine
sayilarma bagli olarak deZismektedir.

izleme sisteminin amortizasyon siiresi bir
yildan daha kisa siirmiistiir(Andrew, P..et
al, 2003). Ayrica yapilan c¢alismalarda,
sistemin isletmeler i¢in kolaylik ve
ekonomik tasarruflar  sagladigimi = ve
amortizasyon siliresinin kisa oldugunu
belirtmektedir (Soumis F., et al, 1989).

3 ALAN CALISMASI
Ekskavator-kamyon yonteminin verimlilik
analizine yonelik caligmalar Ege Linyitleri
Isletmesi (E.L.I)’nde &lgiimler yapilarak
gerceklestirilmistir. Isletme, Manisa ili
Soma ilgesinde faaliyet gostermekte ve
Tiirkiye linyit {iretiminin G6nemli bir
bolimiini karsilamaktadir(Sekil 1).
Isletme, 616 Milyon ton toplam linyit
rezervine ve 1 300 000 t/y1l sanayi, 1 700
000 t/y1l teshin ve 8 000 000 t/y1l termik
santral nitelikli olmak {izere toplam 11 000
000 t/yil satilabilir iiretim kapasitesine
sahiptir. Komiir iiretimin yaklasik % 90’1
agik isletmelerden karsilanmaktadir.
Toplam 80 milyon m’/yil  dekapaj
miktarmin % 50-55°1 ihale suretiyle, % 45-
50’si isletme imkanlari ile
yapilmaktadir(E.L.1., 2004).

Ornegin; St Ives Agik Isletmesinde filo

Sekil 1. Isletme lokasyonu ve uydu goriintiisii
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Saha caligmalari, agik isletme yontemi ile
iiretim yapilan Kisrakdere Panosunda
gerceklestirilmistir. Isletmede ekskavator-
kamyon yoOntemi ile iiretim yapilmaktadir.
Isletme plani, ortalama olarak 30-35
dereceye sahip genel sev agist ve 10-15 m
basamak  yiikseklik  kriterlerine  gore
tasarlanmustir.

Engebeli arazi sartlarina uyum saglayarak
panolar arasinda kolayca yer
degistirebilmesi  gibi  Tistiinliiklerinden

dolayr  igletmede  ekskavatoér-kamyon
yontemi tercih edilmektedir(Malli, T.,
2006).

Isletme makine parkinda 17 yd® kepge
hacmine sahip 2 adet halath ekskavator, 8
adet 170 ston ve 16 adet 85 ston kapasiteli
olmak {iizere iki farkl tipte maden kamyonu
bulunmaktadir.

Caligmanin  yapildigt Bati  Kisrakdere
panosuna ait teknik parametreler Cizelge
1’de verilmektedir.

Cizelge 1. Pano planlama parametreleri

Parametre

Deger

Hedeflenen iiretim kapasitesi (t/y1l)

Ortii-kazi oram (m*/t)

Hedeflenen dekapaj miktar1 (m>/y1l)

Yillik ¢aligma siiresi (saat)

1000000
12
12000000
4752

Nakliye sistemi kapasitesi (m*/saat) 2525

4 OLCUMLER VE BULGULAR
Yiikleme-tagima sisteminde ¢aligan kamyon
ve ylikleyici makinalarin mevcut c¢alisma
performanslart ve sistem verimliliginin
belirlenmesi; isletmenin verimliligi ve
optimizasyonu agisindan Onemlidir. Bu
nedenle, igyeri organizasyonunun
analizinde kullanilmak {izere —mevcut
calisma kosullarinda yiikleme ve tagima
operasyon ¢evrim siireleri ile

Fiili kapasite degerleri yapilan olgtimlerle
belirlenmistir.

4.1 Kapasite

Isletme  verimliligi ve birim iiretim
maliyetlerini  belirleyen en  Onemli
parametre, iiretim ve tasima kapasitesidir.
Cevrim zamani, isyeri faktord, filo
organizasyonu, zaman kontrolii ve yonetimi
kapasiteyi etkileyen temel degiskenlerdir.
Isletmede, planlanan ve gergeklesen fiili
kapasite degerleri Cizelge 2’de
verilmektedir

Cizelge 2. Isletmede planlama ve gergeklestirilen kapasite degerleri

Ortalama Tur

Yiikleyici I;a}g}};o(;l Sayisi(adet/giin) Planlaqan Gergeklgsen
No Kapasitesi  planlama  Gergeklesen K(il/[;islge K(?/[;islge
(ston)
Y1 T1: 170 120 15000 10680
Y2 T2: 85 150 10000 5700

Gergeklesen fiili kapasite degeri, planlanan
degerin ¢ok altindadir.
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Isyeri veriminin diisiik oldugu, kamyon-
yiikleyici eslesmeleri ve

organizasyonunda problemlerin  oldugu
acikca goriilmektedir. Yiikleyici-kamyon
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sisteminde, yiikleyicilerin biiylik tonaja
sahip kamyonlarla ¢aligmas1 ekonomik ve
teknik acidan daha uygun olmasina ragmen
yeterli sayida 170 ston tonajli kamyon
bulunmamasi, ilk yatirim tutarinin yiiksek
olmasi ve finansman zorluklar1 tasima

sisteminde  yeni  alternatif  ¢dzlimler
gelistirilmesini gerektirmektedir.
4.2 Cevrim Siireleri ve Sistem
Yikleyici  periyodunun  belirlenmesine

yonelik olarak 6l¢iimler yapilmis ve dolum
faktorii ile donils agisina bagli olarak
degisen kepge dongii siiresi, ortalama 25 sn
olarak tespit edilmistir(Ek Tablo1,2).

Genellikle kamyon ¢evrim siirelerini
etkileyen en onemli faktorler, bekleme ve
yiikkleme siirelerinin  degiskenligi olup
ozellikle kamyon beklemelerinin bu siirenin
degisiminde etkili oldugu yapilan dl¢iim ve
gbzlemler sonucunda belirlenmistir.
Ortalama kamyon bekleme siiresi; 164,5 sn,
yiikklenme siiresi; 140 sn ve toplam ¢evrim

siiresi; 1652 sn olarak
Olciilmiistiir(Cizelge3). Kamyonlarin
kuyruk  olusturmasinin  temel nedeni;

kamyonlarin sabit ve rutin rota hareketleri
yapmasi, ayni yikleyiciden ayni kamyon
grubunun yiiklenmesidir.

Cizelge 3. Sistemde yiikleyici ve kamyonlara ait 6l¢lim degerleri

1.Seri Olgiimler 2. Seri Olgiimler Olgiim

Yiikleyici tipi Y1 Y2 Y1 Y2 ortalamasi
Kamyon tip ve sayist T1:11 T2:8 T1:11 T2:8 (sn)
gfflama kamyon evrimsiiresi 150757 166020 160033 1740,64  1652,00
gg)alama ylikleme gevrim siresi 93,14 177,32 91,81 196,58 140,00
Ortalama yiikleyici bog bekleme 108,38 6632 87,72 3584 74,57
siiresi (sn)

Ortalama kamyon bos bekleme 18,67 92,68 42,44 504,20 164,50

stiresi (sn)

Nakliye ve yiikleme sisteminde ortaya
¢ikan Olii zamanlarin azaltilarak kamyon ve
yiikleyici calisma verimlerinin
yiikseltilmesi ancak zamanin iyi
planlamasi, kontrolii ve dinamik olarak
midahalesiyle  gergeklesmektedir.  Bu
ylizden nakliye ve yiikleme sistemleri,
gergek zamanli olarak kontrol edilmelidir.
Isletmede eszamanli olarak c¢alisan 2
yiikleyici ve 19 maden kamyonunun ¢evrim
stireleri farkli zamanlarda(l.seri ve 2.seri)
Olciilmistir (Ek Tablo 1,2). Elde edilen
Olciimlerden hesaplanan ortalama degerler
Tablo 3’de verilmektedir.

Birinci seri olglimlerde, kamyon servis
hizinin yetersiz kalmasi nedeniyle Y1
yiikleyicisinde ¢evrim basina ortalama
108.38 sn’lik bekleme siiresi olusmustur.
Buna karsihk Y2 yiikleyicisinde ise
kamyonlar ¢evrim basina ortalama 92.68 sn
bekleyerek kuyruk olusturmaktadir. Bu

durum, sistem verimliligini ve kapasitesini
diisirmektedir.

Ikinci seri 6lciimlerde, Y1 vyiikleyicisine
yeterli sayida kamyonun servis yapamadigi
ve buna karsin  kamyonlarin  blok
hareketlerine devam ettigi gozlenmistir.
Yiikleyici beklemesinin ortalama 87,72 sn
olmasi, kamyonlarm yetersiz ve sabit
tahsisi sonucunda ortaya g¢ikmaktadir. Y2
yiikleyicisinde c¢evrim basina ortalama
504,20 sn’lik kamyon bekleme siiresi,
kuyruk olusumunu gostermektedir.
Yiikleyicilerde kamyon beklemesinden
kaynaklanan kuyruk olusumu, sistemin
dinamik olarak yonlendirilmesi gerektiginin
onemli gozlem ve sonuglarindandir.

5 TARTISMA
Kuyruk teorisi modelleri, yodneylem
arastirmalarinda yaygin olarak

kullanilmaktadir. Kuyruk modelleri basit
olarak servis sisteminde birimlerin ¢ok
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fazla olmast durumu ve servis sistemi
kapasite yetersizligi ile servis sistemi
kapasitesinin atil kalmasi problemlerinde,
bekleme zamanmi ile servis sistemi bos

kalma  zamani arasindaki  dengenin
bulunmasina . yonelik olarak
kullanilmaktadir(Oztiirk A, 2001).

Literatiirde degisik sartlar i¢in tanimlanmis
kuyruk modelleri bulunmaktadir(Hamerly
J., 2005). Yiikleyici-kamyon eslestirme
isleminin karakterize edilmesinde; ¢ok
kanalli, ¢ok gelisli veya cok kanalli, tek
gelisli kuyruk modelleri kullanilabilir (Sekil
2). Madencilik faaliyetlerinde genel olarak
Olciimlerin  yapildigi  isletmede de

kullanilan, basit ama verimi diisiik olan ¢ok
kanalli, ¢ok gelisli kuyruk modeli tercih
edilmektedir. GPS tabanli atama-izleme
sistemleri ile birlikte uygulanabilen tek
gelisli, cok kanalli modelin kullanimi
makine verimlerini arttirmaktadir. Bu
calisma kapsaminda, sahadan elde edilen
veriler kullanilarak ¢ok kanalli, tek gelisli
kuyruk modelin uygulanmas1 durumunda;
kullanim oranlari, yiikleyici bos kalma
olasiligi, bekleme hattindaki ortalama
kamyon sayisi ve kuyrukta ortalama
bekleme siireleri hesaplanarak fiili 6l¢iim
degerleri karsilagtirilmistir.

Colk kanall, telc gelisli, tek fazl

Cok kanall, cok aelish, tek fazh

() kamyon T | yukleyici

/ﬂ I _|I
OG0 »rd >
\\‘. =)

Sekil 2. Kuyruk Modelleri (Hamerly J., 2005).

Cok kanalli tek gelisli kuyruk modeline
dayal1 olarak gergeklestirilen analizde,
asagida  verilen esitlikler  yardimiyla
yiikleyici-kamyon sistemi i¢in beklenen
calisma degerleri hesaplanmistir. Sistemde
gelis orani(A), servis orani(p), ortalama
servis siresi(1/p) kullanilarak kullanim
orani(p) bulunmaktadir.

p=1 (1)

Modelde paralel servis veren benzer
yiikleyici sayisi(c), kuyruk sistemine gelen
kamyon sayist (n) olmak fiizere; P,

sistemde  kamyon bulunmama yada
yiikleyicinin bos kalma olasilig1
hesaplanmaktadir.

1
Poy=coa 2)

Zn:On!pn"'c!(l_%)
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Bekleme hattinda olusacak  ortalama
kamyon sayis1 yada bir bagka ifadeyle
ortalama kuyruk uzunluklari(Lq);

asagidaki (3) nolu esitlik yardimiyla
bulunmaktadir.

au(2)’
La = ez Fo 3)

Sisteme gelen herhangi bir kamyonun
ortalama bekleme siiresi(Wq) ise;

L
W= @)

seklinde ifade edilmektedir.

Yapilan saha ¢aligsmalar1 sonucu belirlenen
A, n ve p degerleri kullanilarak hesaplanan
P,, Ly ve Wy degerleri ile fiili olarak
Olciilen degerler Cizelge 4°de
verilmektedir.
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Cizelge 4. Kuyruk modeli ile hesaplanan ve dl¢lim degerlerinin karsilastirilmasi

1. Seri Olgiim Degerleri

2. Seri Olgiim Degerleri

Qi Olgiim  Olgiim Q, Olgiim  Olgiim
Degeri  Degeri Degeri  Degeri
Yiikleyici ve kamyon tipi Y1,Tl Y2,T2 Y1,Tl Y2712
Gelis orani, A 45,57 - - 44,90 - -
Servis orant, p 29,48 - - 28,76 - -
Kullanim orani, p 1,54 - - 1,56 - -
Ykleyici bog kalma 12,80 53,58 23,89 1232 4936 1347
olasiligi, Po (%)
Ortalama kuyruktaki 230 020 052 243 046 2,56
kamyon sayisi, Lq (adet)
Ortalama kuyrukta
kamyon bekleme siiresi, 181,40 18,67 92,58 195,21 42,44 504,20
Wq (sn)
*Q12 : Kuyruk modeli kullanilarak hesaplanan degerlerdir.
Eszamanli olarak ¢alisan Y1 ve Y2 6 DEGERLENDIRME
yiikleyicilerinde  iki  farkli  bekleme

olugmaktadir. Y1 yiikleyicisinde kamyon
beklemesi olusurken, Y2 yiikleyicisinde ise
tam tersine yikleyici beklemektedir.
Isletmede uygulanan sabit kamyon atama
sistemi ile yapilan ¢alismalarda makine

verimlerinin  olduk¢a  diisiik  oldugu
goriilmektedir.  Tagima ve  yiikleme
sisteminde, bekleme zamanlarinin

azaltilmasi, isletme ekonomisi agsisindan
temel hedef oldugundan belirli bir alanda
ayni anda c¢alisan yiikleyiciler i¢in kamyon
atamalarmin dinamik olarak yapilmasi
gerekmektedir.

Kuyruk  modeli  kullanilarak  yapilan
hesaplamalarda yiikleyicilerin beklenen bos
kalma oranlari, 1. ve 2. seri 6lglimler i¢in
%12,80 ve %12,32 olarak belirlenmistir.
Buna karsilik sahada yapilan 6lglimlerde,
Y1 nolu yiikleyicide siras1 ile %53,58 ve
%49,36 degerleri, Y2 nolu yiikleyicide ise
%23,89 ve %13,47 degerleri elde edilmistir
(Sekil 3). Kamyon bekleme siirelerinin
belirlenmesi icin yapilan model
hesaplarinda, 1. seri dlglimler i¢in 181,4 sn,
ikinci seri dl¢iimler i¢in 195,21 sn degerleri
elde edilmistir. Buna Kkarsilik sahada
yapilan oOl¢iimlerde Y1 nolu yiikleyiciye
servis veren T1 grubu kamyonlarda sirasi
ile 18,67 ve 42,44 sn, Y2 nolu yiikleyiciye
servis veren T2 grubu kamyonlarda ise
92,58 ve 504,20 sn bekleme siireleri elde
edilmistir (Sekil 4).
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Sekil 4. Farkli serilerde kamyonlarin Y1 ve Y2 yiikleyicilerinde kuyrukta

bekleme siireleri

Calisma  yapilan  isletme  sahasinda
belirlenen yiikleyici bos kalma degerlerinin,
modelle belirlenen degerden daha diigiik
olmas1 yiikleyici-kamyon eslesmeleri ve
filo organizasyonunda problemlerin
oldugunu gostermektedir. Filo
organizasyonu sorunu; herhangi  bir
yiikleyicide kamyonlar kuyruk
olustururken, diger yiikleyicinin  bos
kalmast durumunda ortaya c¢ikmaktadir.
Yiikleyicilere sabit olarak ayn1 kamyon
grubunun  yonlendirilmesi  sonucunda,
kuyruk bekleme siirelerinden kaynaklanan
isyeri kapasitesi diigmekte ve verimlilik
azalmaktadir. Kamyon ¢evrim
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zamanlarindaki ~ gecikmeler,  ozellikle
kamyonlarin yiikleyicide kuyruk
olusturmasindan kaynaklanmakta ve burada
bir diizenlemenin yapilmas1 gerekliligini
ortaya koymaktadir.

1. Seri o6l¢iimler incelendiginde, Y1
yiikleyicisinde olusan bos bekleme siiresi,
Y2 yiikleyicisine servis yapan kamyonlarin
bu yiikleyiciye  yonlendirilmesi ile
azaltilabilir. 2.Seri dl¢limlerde yine benzer
olarak; Y1 yiikleyicisinde olusan yiikleyici
bos bekleme siiresi, Y2 yiikleyicisinde
kuyrukta bekleyen kamyonlarin uygun
zamanlarda bu yiikleyiciye yonlendirilmesi
ile azaltilabilecektir.
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Yiikleme-tasima isleminde; filo ydnetim
sistemlerinin  kullanimi  ile kamyonlar
uygun yiikleyicilere yonlendirildigi ve
atama-izleme teknolojisi, kamyonlarin
kapasiteleri ve performans degerlerini
stirekli olarak anlik degerlendirmekte,
efektif kamyon kullanimlarii arttirarak
planlamaya uygun sekilde daha az
kamyondan olusan bir filo ile aym1 tasima
kapasitesini gergeklestirilebilmektedir. Bu
sekilde isletme  kontroli ile filo
organizasyonu dinamik ve kolay olarak
saglanabilmektedir. Gergek zamanlt
verilerle sartlara uygun optimal kararlar
verilerek verimlilik yiikseltilmekte ve birim
iiretim maliyetleri diisiiriilebilmektedir.

7 SONUC VE ONERILER

Bati  Kisrakdere  Panosunda  ¢alisan
yiikleyici ve kamyonlarin mevcut ¢aligma
performanslarinin  belirlenmesi, yiikleme-
tastma  sisteminin  verimliligini  ve
maliyetini etkilediginden oldukca
onemlidir. Isletmede yapilan dlciimler ve
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Tablo 1. Yiikleyici ve kamyonlara ait egzamanli 1. seri dlglim degerleri

Y1 Y2
Yikleme Yikleme Yikleyici ~ Kamyon Y}ikleme Yiikleme Yikleyici Kamyon
K. Oncesi sonu Beklemesi Beklemesi K. Oncesi sonu Beklemesi Beklemesi
No (sn) (sn) (sn) (sn) No (sn) (sn) (sn) (sn)
439 00 84 0 10
484 129 216 45 20
466 240 349 24 0
457 398 490 49 0
422 514 603 24 0
463 615 694 12 0 556 681 840 21 0
462 730 806 36 0 550 860 1005 20 56
456 834 940 28 14 549 1033 1189 28 208
459 956 1060 16 16 553 1246 1515 57 406
439 1442 1565 382 17 555 1544 1730 29 159
484 1580 1662 15 80 557 1768 1960 38 208
466 1744 1827 82 0 554 2320 2470 360 0
457 1995 2069 168 10 550 2498 2704 38 158
463 2320 2392 251 0 549 2736 2863 32 50
476 2614 2701 222 14 553 3043 3233 180 0
459 2713 2798 12 47 555 3258 3443 25 55
494 2870 2944 72 0 557 3474 3641 31 43
439 2984 3097 40 40 548 3658 3848 17 10
466 3203 3287 106 09 554 3873 4058 25 52
462 3492 3674 182 08 550 4088 4253 30 40
457 3588 3674 14 94 549 4385 4548 132 14
463 4170 4248 496 13 556 4698 4879 150 0
555 4899 5063 20 117
557 5085 5274 27 180
Toplam Bekleme Siiresi(sn) 2276 392 1260 1761
Bekleme (%) 53,58 0,80 23,89 5,58

K. No: Kamyon numarasi
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Tablo 2. Yiikleyici ve kamyonlara ait eszamanli 2. seri 6l¢iim degerleri

Yl Y2
Yiikleme Yiikleme Yiikleyici Kamyon Y}ikleme Yiikleme Yikleyici Kamyon

K. Oncesi sonu Beklemesi Beklemesi K. Oncesi sonu Beklemesi Beklemesi

No (sn) (sn) (sn) (sn) No (sn) (sn) (sn) (sn)
466 000 076 12 00

459 090 176 36 74

484 192 311 42 134

420 362 587 51 14

457 693 776 106 15 556 616 832 20 0
462 798 892 44 22 553 912 1042 80 0
463 922 1013 60 30 555 1072 1222 30 0
439 1117 1207 104 05 557 1300 1412 78 0
432 1232 1330 25 12 548 1452 1622 40 0
466 1488 1632 158 26 554 1657 1832 35 0
459 1818 1907 186 06 550 1852 1982 20 0
476 1952 2011 45 48 549 2012 2197 30 0
463 2051 2135 40 124 556 2226 2460 29 0
439 2155 2240 45 73 553 2502 2881 0 461
420 2272 2351 32 138 555 2936 3102 55 304
457 2380 2455 29 13 557 3132 3428 30 430
466 2501 2596 46 22 548 3468 3688 40 666
431 2732 2795 136 10 554 3728 3908 40 600
459 3602 3685 807 05 550 3928 4078 20 656
463 3703 3773 18 11 549 4107 4291 29 474
466 3821 3904 48 96 556 4348 4518 57 573
476 3927 4028 23 07 553 4538 4838 20 450
439 4050 4122 22 139 555 4866 5054 28 428
457 4155 4236 33 05

431 4261 4334 25 11

420 4354 4443 20 21
Toplam Bekleme Siiresi(sn) 2193 1061 681 5042

Bekleme (%) 49,36 2,65 13,47 28,97
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Derin Ortii Altindaki Kalin Kémiir Damarlarinin Cikartilmasinda
Coklu Cekmekepge Ortiikaz1 Sistemlerinin Kullanim1

Deployment of a Multiple-Dragline Fleet to Extract Thick Coal
Seams under Deep Overburden

B. Erdem
Cumhuriyet Universitesi Maden Miihendisligi Béliimii, Sivas

Z. Duran

Cumhuriyet Universitesi Sivas Meslek Yiiksekokulu, Sivas

OZET Bu ¢alisma kapsaminda oldukga kalin bir ortii tabakasi altinda yaklasik yatay diizlem-
de uzanan kalin bir linyit serisinin ¢ekmekepge ve doner kepgeli ekskavator+karsiya aktarict
ortiikazi sistemleri birlesimi kullanilarak ¢ikartilmasi arastirilnstir. Ortii tabakasinin kalinlig
g0z Oniine alindiginda teras kazisi yonteminin uygulanmasi ve ortiiniin biiylik kisminin, iki
adedi sev tarafinda, bir adedi ise yi1gin tarafinda calistirilan ii(;lii ¢ekmekepge filosu ile kaldi-
rilmasi planlanm1$t1r Modelde, yiizeye yakin ortii blogu ise bir doner kepgeli ekskavator
(DKE) — ocak iizeri yayici (OUY) sistemi araciligiyla kazildiktan sonra dogrudan karsiya,
¢ekmekepge y1ginlarinin i uzerme dokiilmektedir.

Ulkemizin yaklasik 4x10° t diisiik kalorili linyit rezervine sahip Afsin- Elb1stan havzasi,
elektrik iiretimi agisindan biiyiik potansiyele sahiptir. Havza, yaklasik 750x10° t linyit rezer-
vine sahip sektorlere bolunmustur Ortalama degerler goz oniine alindiginda havzada yillik
25x10° t linyit tiretimi igin yaklagik 50x10° m® ortii kazis1 yapilmalidir. Bu amaca yénelik
olarak gelistirilen benzetim modeli, bir bilgisayar programina kodlanmistir. Gelistirilen mo-
del Afsin-Elbistan linyit havzas1 D sektoriinde sinanmis ve ¢ekmekepge-DKE-OUY sistemi
birlesimleri elde edilmistir.

ABSTRACT This study addresses the use of combined stripping systems to investigate the
technical feasibility of extracting level-lying thick coal seams underlying deep overburden
strata. The possibility of using multiple draglines in tandem with bucket wheel excavator sys-
tems is explored. Considering the depth of overlying strata, application of terrace mining and
excavation of a large part of the overburden by employing a triple dragline excavation fleet,
two of which are deployed on the highwall side and the third one on the spoil side, is
planned The uppermost part of the overburden is to be excavated and transported across the
pit via a bucket wheel excavator -cross pit spreader sub-system.

With approximately 4x10° t of lower-calorific value of lignite reserves, Afsin-Elbistan lig-
nite basin holds a large potential for electrlcal energy production in Turkey. The basin is di-
vided into sectors of approx1mately 750%x10° t lignite tonnages. Based on average coal and
overburden thickness terms a 25x10° t of lignite production per annum is projected with some
50x10° m? of overburden to be moved. A production simulation algorithm, which emphas1zes
synchronizing excavator units in the triple dragline system, is developed. The model is tested
with the data from Sector-D of Afsin-Elbistan lignite basin and several dragline-BWE-XPS
combinations that may successfully perform overburden stripping at the predetermined rate
and uncover coal seams are obtained.
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1 GIiRiS

Afsin-Elbistan linyit havzasi, 6nceki yillarda
yapilan en tutucu tahminle 2,9x10° t linyit
rezervi ile elektrik iiretimi agisindan biiyiik
Oonem tasimaktadir. Havza, halen ¢alismakta
olan A ve B termik santralleri yaninda, dev-
reye almmas1 planlanan ve toplam kurulu
giicli 8050 MW olan termik santrallere yilda
100x10° t linyiti 30 y1l boyunca saglayabile-
cek kapasitededir (WEBI). Ortii derinligi ve
linyitli seri kalinlig1 dikkate alindiginda hav-
zada ancak yiiksek kapasiteli ortiikazi ekip-
maninin, birlesim halinde c¢alistirilabilecegi
ongoriilmektedir.

Kesimal vd., (1997) ortii kalinlastikca,
miikerrer kazi nedeniyle asir1 yiikselen is-
letme maliyetleri ya da diisen calisma verim-
liligi nedeniyle uygulanabilecek isletme yon-
temlerinin azalacagini ifade etmistir. Yiiksek
maliyetli kamyon nakliyat1 ya da pano etra-
findan dolasan uzun-mesafeli ulagtirma sis-
temlerinden kaginmanin bir yolu olarak, as-
len biiyiik miktarda miikerrer kazi yliziinden
verimsizlesen ¢ekmekepce operasyonlart gi-
bi durumlar i¢in, ocak-iizeri yayici sistemleri
gelistirilmisti. DKE-OUY ve c¢ekmekepce
birlesiminden olusan kombine kazi+dokme
sistemi igletme maliyetini diisilirebilir.

Rai (2007) tandem g¢ekmekepce ¢alisma-
sinin bir yeriistii ocaginda iiretim ve verimli-
lik ile ilintili 6l¢iitleri iyilestirecegini belirt-
migtir. Bahr (2007) ise yiikleyici kepge-
kamyon kullanilarak yapilan ve biiyiik kapa-
siteli cekmekepge maliyetinin ii¢ ila bes kati
kadar pahali olan inceltme kazilar1 yerine
tandem ¢ekmekepge kullanilan geri ¢ekimli
kazi yontemi potansiyeli lizerinde durmustur.
Tek makine kullanildigi durumlarda basa-
maklar ya da ortii ile arakesme arasinda
rampa ingasina gerek olmayacagi ve bdylece
isletme maliyetinde indirim saglayacag igin
tandem Ortlikaz1 sistemleri ekonomik ola-
bilmektedir.

Optimum kazi ve dokim igin tandem
¢cekmekepce operasyonlart yaygin olarak
kullanilmaktadir (World Bank, 1996).
DKE’ler, ortiikaz1 kepgesi ve ¢ekmekepce
gibi yana dokiim yapan kazi makineleri ile
tandem olarak kullanilmaktadir. Bir tandem
birlesimde her ikisi de DKE tarafindan kazi-
lan basamagin iizerinde konumlanacak se-
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kilde DKE iist dilimi, ¢cekmekepge ise alt di-
limi kazabilir.

Tandem sistemlerin temel dezavantaji
dengeli bir iiretim planina erismede giicliik
ve diigiik verimliliktir. Filodaki tiim birimle-
rin onceden tespit edilen dogrusal ilerleme
hizinda calismasin1 saglayacak sekilde is
yiiklerinin belirlenmesi, olduk¢a 6nemli ve
karmasik bir islemdir. Ancak birimlerden bi-
risinin herhangi bir nedenle calismaya ara
vermesi, tim sistemi etkilemektedir. Mevcu-
diyet ve verimlilikteki diisme en arkadaki bi-
rimden en dndekine dogru artmaktadir.

Bu ¢aligmada Afsin-Elbistan linyit havzasi
gibi derin Ortii altindaki kalin komiir damar-
larinin ¢ikartildig yeriistii ocaklarda kullani-
labilecek farkli ortiikazi sistemleri iizerinde
durulmugtur. Komiir iiretimi i¢in biiyiik mik-
tarda Ortiikazi yapilmasi gerektiginden g¢ek-
mekepgeler, DKE-OUY birlesimleri ya da
yiiksek kapasiteli yiikleyici-tasiyici sistemle-
rinin kullanimi zorunlu gériinmektedir. Tlk
degerlendirmelerden, filo i¢indeki tiim kazici
birimlerin is yiiklerinin dengelenmesi i¢in
Ortliniin bu birimler arasinda uygun sekilde
paylastirilmas:  gerekliligi  belirmektedir.
Benzer sekilde, komiir damari lizerini agacak
birimin ¢ekmekepge olmasi durumunda,
ekipmanin ¢alisacagi basamak yiiksekligi de
oldukca 6nemli bir tasarim parametresi ola-
caktir.

2 AFSIN-ELBISTAN LINYIiT HAVZASI

Afsin-Elbistan linyit havzasi lilkemiz toplam
linyit rezervinin %40’dan fazlasini barindir-
maktadir. Havza, rezervin bilylikligii ve yak-
lagik 900 km?’lik cografik yayilimi nedeniyle
A ile F arasi sektorlere ayrilmistir (Sekil 1)
(Kogak vd., 2003). Bu c¢alismada D-
sektoriine odaklanilmustir.

Halen EUAS-AEL tarafindan isletilen A
sektoriindeki Kislakdy ocaginda 2,7:1 ortii-
kaz1 orani ile yilda 55x10° m* dekapaj sonra-
sinda ortalama net kalorifik degeri 4400
kJ/kg olan 20x10° t linyit Giretilmektedir. Her
biri 20 m’lik basamakta calisan alti 6zdes
DKE ile kazilan ortii, bantli konveyorler ile
dokiim alanina tasinmakta ve bes 6zdes ya-
yict ile serilmektedir (Ural and Yuksel,
2004).
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Sekil 1. Havzada genel vaziyet plani
(Kaynak: Elektrik Uretim A.S.)

D-sektoriinde linyitli seri gliney ve doguya
dogru kalinlagmakta, ortii ise daha diizenli
bir kalinlik sergilemektedir. Linyitli seri ta-
baninda karbonatli yumrular ve organik mal-
zeme igeren tiirkuaz renkli ince tabakali kil-
taslar1 yer almaktadir. Gidya tabakasi altinda
bulunan 10 m — 80 m kalinliktaki linyit serisi
diisiik kalorili olup, bat1 ve giiney yonlerine
dogru kalinlagmaktadir. Degisen boyutlara
sahip bircok kil ve gidya lensi seri igerisinde
dagilmis durumdadir. Linyitli seriyi tizerle-
yen, kalinlig1 sekiz m’ye varabilen ve olduk-
¢a heterojen yapidaki gidya tabakasi, organik
madde ve gastropod kavkilari bakimindan
zengin olup, sapropel ve koyu renkli ¢amur
olarak tanimlanmaktadir. Gidya serisi yesi-
limsi-mavimsi renkli kiltaglari, marnlar ve
kumtaglar1 gibi komiir yan kayaglar tarafin-
dan iizerlenir. Istiflenmenin en {izerinde or-
ganik madde agisindan zengin marnlar, ca-
kiltaslar1 ve aliivyaller uzanmaktadir.

3 TEK/TANDEM  CEKME
SISTEMLERI

Cekmekepcelerin tek ya da tandem olarak
¢alismasinin modellendigi ve 6nceki yillarda
gelistirilen tiim bilgisayar modelleri, Afsin-
Elbistan D-sektorii verileri ile test edilmistir.
Linyitli seri ve ortii kalinligindaki degisimle-
ri yansitabilmek amaciyla tiim modellerde bu
birimlerin kalinliklar1 belirli araliklarda de-
Sistirilmistir. Buna gore linyitli seri kalinlig1
25 m — 70 m arasinda 5 m’lik artirimlarla
temsil edilirken, ¢ekmekepge kazisina bira-
kilan ortii kalinligt en diisiik olarak 10 m’den

KEPCE

hi¢bir tek/tandem sistemin c¢alisamayacagi
en yiiksek kalinliga kadar artirilmig ve dilim
geometrisini saglayan sonuglar aranmustir.

Tek c¢ekmekepge kullanilan yontemler
arasinda dogrudan yana dokiim yonteminde
kazilabilecek oOrtiinlin ¢ok ince olmasi, enli
dilim yonteminde kurulacak koprii i¢in ye-
terli malzeme bulunmamasi ve geri ¢ekimli
kazi yonteminde y18in tarafinda gerekli uza-
nimin mevcut gekmekepgelerin saglayabildi-
ginden fazla olmasi nedeniyle uygun sonug
elde edilememistir. Tiimiinde beliren asal so-
run, linyitli serinin ¢ok kalin olmasidir.

iki cekmekepge kullanilan ydntemler ara-
sinda iki basamakta dogrudan yana dokiim
yonteminde Ortiiniin ¢ekmekepgeler arasinda
boliisim oranindan bagimsiz olarak, alt ba-
samakta c¢alisan c¢ekmekepge icin, mevcut
olan en uzun erimden de biiyiik olan yatay
erim gerekmistir. Iki basamakta enli yonte-
minde koprii kurulamamakta ya da burada
¢alisan birimin ¢ok biiyiikk dokme yiiksekligi
saglamasi gerekmektedir. Yine, iki ¢ekme-
kepgenin kullanildig1 geri-¢ekimli kazi yon-
teminde yigin tarafinda gerekli uzanimin
mevcut ¢cekmekepgelerin saglayabildiginden
fazla olmasi ve kazilan malzemenin y1g1lma-
st i¢in yeterli hacim saglanamamasi nedeniy-
le uygun sonu¢ elde edilememistir. Gerek
sev gerekse yi1gin tarafinda kurulan kopriiler
mevcut ¢ekmekepge kazi derinliklerinden
yiiksektir.

4 UCLU CEKMEKEPCE SISTEMLERI

4.1 Tamumlar

Coklu ¢ekmekepce kazi sistemlerinde denge,
birimlerin dogrusal ilerleme hizlar esitlen-
diginde saglanmakta, uyumsuz bir filoda ise
tiim bagiml birimler, toplam isletme maliye-
tini yiikseltecek sekilde bagimsiz bi-
rim(ler)in hizina yavaslamak zorunda kala-
bilmektedir. Ayrica dnceden belirlenmis olan
komiir iretim hizinin da filodaki en yavas
birim tarafindan dikte edilecegi kaydedilme-
lidir. Niemann-Delius and Thiels (1988)
uyumsuz filolardaki kazici birimlerin birbir-
lerine tehlikeli sekilde yaklasabildikleri kri-
tik operasyonlardan bahsetmislerdir.
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Ortii ve linyitli seri kalinlig1 nedeniyle iig
ya da fazla ¢ekmekepce kullanilabilen teras
kazi yontemi benimsenmistir. Yiiksek kapa-
siteli ancak gorece kisa erimli bir ¢cekmekep-
¢e list basamakta calisarak Ortiinlin biiyiik
kismini kazmakta ve bos dilime, alt basamak
sevine yaslanacak sekilde dokiim yapmakta-
dir. Alt basamaktaki birim ise buradaki mal-
zemeyi kazarak, iist birim y1gin kiimelerinin
Otesine dokmektedir. Bunlarin diizlenmesi
sonucunda kurulan tabla iizerinde c¢alisan
ticiincii birim ise geleneksel geri-cekimli ka-
z1 modunda ¢alismakta ve komiir damar ile
alt basamak iizerine tirmanmis olabilen y1-
ginlar1 kazarak geriye, biiyiik bir a¢1 tizerin-
den dokmektedir. Sistem Sekil 2’de betim-
lenmistir. Teras Ortiikazi sisteminde en 6nde
ve en iist basamakta calisan makine, ilerle-
mesine engel bulunmayan bagimsiz birimdir
(BC). Bagimsiz birimi alt basamakta takip
eden makine yari-bagimli (YBC) ve genel-
likle kdmiir lizerini agan en arkadaki ve tabla
iizerindeki birim ise tam-bagimli ¢ekmekep-
¢e (TBQ) olarak adlandirilir.

4.2 Optimizasyon Modeli

Bir tandem ortiikazi sisteminde eszamanlilik
dogrusal ilerleme hizlarindaki esitlik olarak
tanimlanmistir. Erdem ve Celebi (1999) bir
tandem ¢ekmekepge filosunun eszamanli ve
eszamansiz ¢alismasindan kaynaklanan olasi
sonuglart degerlendirmistir.

Optimizasyon modelinin ¢alistirilmasi igin
dilim geometrisinin ¢ozlimlenmesi gerek-
mektedir. Cekmekepgelere atanacak blok ha-
cimleri, bloklarin kanal ve dilim boliimleri,
bariyer ve tekrarkazi hacimleri ile yiiriime
mesafeleri, dilim geometrisi ¢alismalar ile
elde edilmektedir. Modelde dilim genisligi,
iist basamaktaki bagimsiz ¢ekmekepgenin
kazdig1 setin yanindaki bos ¢ukurun komiir
damar1 sevi ile kesistigi noktaya dokiim
yapmasini saglayacak sekilde belirlenmekte-
dir. Bu yaklasimda dilim, 6rtiiniin derin ol-
masindan otiirii tekrarkazi Onlenemeyecegi
i¢in olabildigince genis tutulmaktadir. Boy-
lece tekrarkazi oranmin diisiik kalmasi
amaglanmigtir.
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Sekil 2. Teras oOrtiikaz1 yonteminde iist ve alt
basamak ile yigin tarafindaki tabla iizerinde
¢ekmekepee ile kazi (B-E, 1977)

Optimizasyon modelinin amaci, 6nceden be-
lirlenmis miktardaki kémiirii en az bekleme
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stiresi ile tretecek kadar ortilkazi yapabilen
iclii cekmekepge sistemini segmektir. Amag
fonksiyonu, filodaki her birimin énceden be-
lirlenen siire igerisinde kendisine tahsis edi-
len pasa blogunu tamamen kazarak, yi1gin ta-
rafina dokmesini gerektiren asal bir kisida
maruzdur. Amag fonksiyonlar1 asagida ve-
rilmektedir.

4.2.1 Amag Fonksiyonu

Uclii ¢ekmekepge sisteminde en aza indir-
genmesi gereken iki tlir bekleme bulunmak-
tadir, bunlar: ortiikaz1 operasyonlari siirdiirii-
lirken meydana gelenler ve operasyonlar
tamamlandiktan sonraki beklemeler. BC,
ilerlemesine bir engel bulunmadigindan,
yalnizca verilen siirenin bitiminden &nce
kendisine atanan yerinde pasa blogunun ka-
zisin1 bitirdikten sonra kalan siireyi nihai
bekleme i¢in harcar. Ancak YBC ve TBC
hem operasyonlar siirerken hem de BC gibi,
operasyonlarin bitiminden sonra bekleyebi-
lirler. Cekmekepce bekleme sirasinda galis-
miyor olacagindan gerekli iiretimi yapama-
yacak ya da kapasitesinin altinda bir is yliki
verilmis olacagindan, birim maliyetinde bir
yiikselme beklenmelidir. Bu nedenle amag
fonksiyonu her iki bekleme siiresi de en az
olan bir ticlii cekmekepce filosu segmek ola-
rak belirlenmistir.

a. BC’nin nihai bekleme siiresi: Ama¢ bu
siirenin en aza indirgendigi bir ¢ekme-
kepce bulmaktir. Optimizasyon modeli
cekmekepce operasyonunu kazi ve yiirii-
meden ibaret almaktadir. Ayrica beklen-
medik kesintiler de ¢aligmalar: belirli sii-
relerde durdurabilir. Bdylece, belirli
hacimdeki bir pasa blogunu kazmak igin
harcanacak siire agsagidaki gibi bulunabi-
lir.

t, =t

plan BCrazi +

tBCyUrﬂme + tBCariza + tBCsonbek\e
Burada;

ton: Onceden belirlenmis tonajdaki komii-
rlin {izerini agmak i¢in Giglii cekmekepge sis-
temine optimizasyon modeli tarafindan veri-
len toplam siire (s)

teckan: BC’nin toplam calisma  siiresinde
kaz1 i¢in harcadig1 kismu (s)

teeyirime:  BC’nin toplam galisma siiresinde
dilim i¢i oturma noktalar1 ve dilimler arasin-
da yiiriime i¢in harcadig1 kismui (s)

tecariza: BC’nin toplam caligma siiresinde
beklenmedik arizalar i¢in c¢alisma yapilma-
dan gecen kisim (s)

tBcsonbekle: BC'nin toplam c¢alisma siiresinde
kendisine atanan yerinde pasa blogu kazisini
tamamladiktan sonra atil bekledigi zaman di-
limi (s)

Biiyiik kapasiteli bir gekmekepgenin ken-
disine atanan blogun kazisini planl siire bi-
timinden Once tamamlayacagi beklenmelidir.
Boylece isletme maliyetleri, BC’nin atil bek-
ledigi bu siirenin fonksiyonu olarak yiiksele-
cektir. Modelin ilk amag¢ fonksiyonu en uy-
gun kapasiteye sahip bir c¢ekmekepce
segerek nihai bekleme siiresini en aza indir-
gemektir.

Min(tsosonbek.e )

b. YBC’nin nihai bekleme siiresi: Amag
YBC’nin operasyonlar sirasinda BC’yi
bekledigi siirenin en aza indirgendigi bir
cekmekepce secmektir. Benzetim modeli
YBC operasyonunu kazi, yiirime ve bek-
lemeden ibaret almaktadir. Benzer sekilde
beklenmedik kesintiler de ¢aligmalar1 be-
lirli siirelerde durdurabilir. Boylece, belir-
li hacimdeki bir pasa blogunu kazmak
icin harcanacak siire asagidaki gibi bulu-
nabilir.

toan = tvac,, + tvec, e+ 8v8Ca T 18C e T TYBC e

Burada;

tyBcarabekle: Y BC nin toplam calisma siiresinde
kendisine atanan yerinde pasa blogu kazisini
tamamladiktan sonra atil bekledigi zaman di-
limi (s). YBC’nin ilerleme hiz1 BC’den yiik-
sek ise sik araliklarla BC’ye yaklasacaktir.
Ancak YBC’nin basamagi daha iist basa-
makta calisan BC tarafindan hazirlandigin-
dan YBC’nin en yiiksek ilerleme hiz1 ancak
BC kadar olabilecektir. Diger taraftan, farkli
basamaklarda calistiriliyor olsalar bile her
iki kazi biriminin birbirlerine 6ngoriilen bir
mesafeden daha yakin ¢alismasi tehlike olus-
turacaktir. Bu nedenle, YBC nin BC’ye ya-

45



B. Erdem, Z. Duran

kinlastig1 durumlarda YBC, BC ile arasinda
giivenli bir mesafe saglanasiya kadar durdu-
rulacaktir. Asagida verilen bu siire, YBC’nin
calisma sirasinda bekleme siiresine eklene-
cektir.

n

tYBGarabekle = 21 tYBCsetbeklei
i=

Burada:

tYBQsetbekle = (tBCsetkazi - tYBCsetkazi )

tecsetkazi: BC nin set kazist i¢in gegen siire (s)
tyBcsetkazic YBC nin set kazisi igin gegen siire
(s)
n : YBC’nin emniyet mesafesini korumak
icin BC’yi bekledigi set adedi

Birka¢ adet kazici birimin bulundugu 6r-
tilkazi filolarinin eszamanlamasi ancak bi-
rimlerin dogrusal ilerleme hizlarinin birbirle-
rine esit olmasi ile saglanabilir. Boylece tiim
bagimli birimlerin ¢alisma sirasinda bekleme
stireleri en aza indirgenmis olacaktir. Ancak
nihai bekleme siiresinin de en az olabilmesi
i¢in sistemin ilerleme hizi, yapilmas1 gere-
ken Ortiikazi isini verilen siire igerisinde tam
olarak bitirecek sekilde uyumlu olmalidir.
Optimizasyon modelinde YBC’nin en aza
indirgenmesi istenen c¢alisma sirasindaki
bekleme siiresi asagida verilmistir.

M | n (t YBCsonbekle )

c. TBC’nin nihai bekleme siiresi: Ugiincii
amag fonksiyonu da TBC’nin operasyon-
lar sirasinda YBC’yi bekledigi siirenin en
aza indirgendigi bir ¢cekmekepge se¢cmeyi
hedeflemistir. Benzetim modeli TBC ope-
rasyonunu kazi, ylirime ve beklemeden
olusturmaktadir. Beklenmedik arizalar-
dan kaynaklanan duruslar da toplam ca-
lisma siiresine eklenmektedir. Bdoylece,
TBC’nin belirli hacimdeki bir pasa blo-
gunu kazmak icin harcayacag siire asagi-
daki gibi bulunabilir.
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Burada;
tTBCarabekie: TBC nin toplam calisma siiresinde
kendisine atanan yerinde pasa blogu kazisini
tamamladiktan sonra atil bekledigi zaman di-
limi (s). TBC’nin ilerleme hiz1 YBC’den
yiiksek ise sik araliklarla YBC’ye yaklasa-
caktir. Ancak TBC’nin basamagi daha 6nde
calisan YBC tarafindan hazirlandigindan,
TBC’nin en yiiksek ilerleme hiz1 ancak YBC
kadar olabilecektir. Diger taraftan, ¢ukurun
farkli yakalarinda calistiriliyor olsalar bile
her iki kazi biriminin birbirlerine 6ngoriilen
bir mesafeden daha yakin ¢alismasi tehlike
olusturacaktir. Bu nedenle, TBC’nin
YBC’ye yakinlastig1 durumlarda TBC, YBC
ile arasinda giivenli bir mesafe saglanasiya
kadar durdurulacaktir. Asagida verilen bu
siire, TBC’nin ¢alisma sirasinda bekleme sii-
resine eklenecektir.

m
tTBQarabekle - 21 tTBQSetbeklei

Burada:

tTBQsetbekle = ( YBCsetkazi - tTBCsetkazi )
Tracsetkazi: TBC nin set kazist i¢in gegen siire
(s)
m : TBC’nin emniyet mesafesini korumak
icin YBCyi bekledigi set adedi
Optimizasyon modelinde TBC’nin en aza
indirgenmesi istenen ¢alisma sirasindaki
bekleme siiresi asagida verilmistir.

M i n(tTBCsonbekle )

4.2.2 Model Coziimii

Gelistirilen model hiyerarsik yapiya sahiptir.
Optimizasyon modelinin ¢alistirilmasindan
once lglii cekmekepce filosu, dnceki boliim-
de verilen dilim geometrisi denklemleri dog-
rultusunda belirlenen boyutsal kisitlart asma-
lidirlar. Bu modiil tarafindan iretilen dilim,
gomiilil bir ¢izim algoritmasi araciligiyla bir
DXF dosyasina aktarilmaktadir.
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Modeldeki geometrik hesaplamalarin be-
lirlenimcei yapiya sahip olmasina karsin {ire-
tim benzetimi modiiliinde kazi, yiirime ve
arizalardan otiirii durmalar gibi rastsal siireg-
ler tarafindan temsil edilen alt prosediirler
bulunmaktadir. Olaya-dayal1 siireksiz karak-
terdeki benzetim modeli li¢ ¢ekmekepgeden
olusan bir filonun tiretim kestirimini bir se-
ferde yapacak sekilde yapilandirilmistir.

Model asagidaki gibi ¢aligmaktadir: Bas-
langigta tiim ¢ekmekepgeler pano baglangic
noktasinda konumlandirilirlar ve BC’nin iki
set boyu ilerlemesine izin verilir. Bu zaman
zarfinda YBC ile TBC bekletilirler ve gegen
siire, her iki birimin de kazi sirasinda bekle-
me siirelerine eklenir. BC, ilerlemesine engel
olarak yalnizca beklenmedik arizalarin mey-
dana gelmesi disinda, rutin g¢alisma temposu
icinde Ortiikkazi yapmaya devam eder. BC nin
ilerlemesi ile dilim tarafinda korunmas: ge-
reken emniyet aralifi  saglandiginda
YBC’nin de galigmasina izin verilir. Ancak
TBC halen bekletilmektedir. TBC’de ancak
YBC’nin iki set ilerleyerek, dilim ve yigin
taraflar1 arasinda korunmasi gerekli emniyet
aralig1 saglanmasindan sonra ¢aligmaya bas-
lamasina izin verilir. YBC ve TBC’nin kazi
sirasinda bekleme siireleri kaydedilir. Her iki
¢cekmekepgenin bir sonraki sete yiiriiylip ka-
ziya baglamasi i¢in oncelikle kendilerinden
ileride bulunan ¢ekmekepgeler ile aralarin-
daki emniyet aralig1 kontrol edilir. Boylece
YBC, BC tarafindan kontrol edilirken TBC
ise YBC tarafindan kontrol edilecektir. Her
¢ekmekepce basamagindaki set boylari farkli
oldugundan YBC ve TBC zaman igerisinde-
ki bir anda emniyet araligini ihlal etmis ola-
bilirler. Bu durum bu ¢ekmekepcelerden
herhangi birisinin bir set boyu ilerleme son-
rasinda hiyerarsik olarak 6ndeki birimin da-
ha set kazisimi bitirmemesi ve ilerlememis
olmasindan kaynaklanacaktir. O zaman ba-
gimli olan birim (YBC ve/veya TBC), emni-
yet aralig1 saglanasitya kadar durdurulur ve
gecen siire kazi sirasinda bekleme siiresine
eklenir. BC’nin verilen benzetim siiresi bit-
meden kendisine atanan blok kazisini ta-
mamlanmast durumunda durdurulur ve kalan
siire BC’nin kazi sonrasi bekleme siiresi ola-
rak kaydedilir. Boylece YBC, yeni BC ola-
cak ve kisitsiz sekilde ilerlemeye devam

edecektir. Yine, YBC, tahsis edilen kaz1 sii-
resinden once kendi blok kazisini tamamlar-
sa kalan siire, YBC’nin kazi sonrasi nihai
bekleme siiresi olarak kaydedilecektir. Bu
durumda da panoda calisan tek cekmekepce
TBC olacagindan, kendi hizinda ilerlemesine
bir engel kalmamis olacaktir. Benzetim siire-
si bitmeden kendisine atanan blok kazisin
tamamladiginda kalan siire, onceki birimler-
de oldugu gibi, nihai bekleme siiresi olarak
kaydedilecektir.

Optimizasyon modeli Afsin-Elbistan linyit
havzast D-Sektoriine ait toplam 316 adet
sondaj verisi kullanilarak test edilmistir.
Havzada ortii ve linyit kalinliklar1 oldukca
degisken oldugundan, sondajlardan elde edi-
len kalinlik degerleri istatistiksel olarak in-
celenmis ve temsili kalinliklar 6rtii ve linyit
igin sirasiyla, 51,70 m ve 38,77 m olarak bu-
lunmustur. Ancak ortiiniin biiyiik kesimi 40
m — 70 m kalinlik araliginda oldugundan or-
tilyli temsil etmek i¢cin 70 m kalinlik secil-
mistir. 10 m araliklarla alinan kalinlik verisi
Cizelge 1°de verilmistir. Modelde, yilda
25x10° t linyit iiretilmesi igin, ortiiniin linyiti
iizerleyen 70 m’lik boliimiiniin ¢ekmekepge
filosu ile kaldirilmasi planlandigi igin, ya-
pilmasi gereken yerinde dekapaj miktar1 yil-
da 34 516 765 m? olarak tespit edilmistir.
Modelde kullanilan girdi degiskenleri Cizel-
ge 2°de sunulmustur.

Cizelge 1. Afsin-Elbistan linyit havzasi D-
Sektorii ortii ve linyit kalinlik yiizdeleri

Sondaj adedi  Sondaj adedi

Kalmlik [m — m)

(Linyit) (Ortii)
0-10 16 1
10-20 17 9
20-30 78 26
30-40 118 43
40-50 26 69
50-60 11 63
60-70 13 58
7080 12 34
80-90 15 9
90— 100 6 3
100-110 3 1
110-120 0 0
120 - 130 1 0
TOPLAM 316 316
En ince (m) 0,50 8,80
En kalin (m) 121,95 101,70
Ortalama (m) 38,77 51,70
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Cizelge 2. Optimizasyon modeli girdi degis-
ken degerleri

Cekmekepce filosu ile kaldirila- 70 m
cak ortii kalinligt

Linyitli seri kalinlig1 39m
Emniyet basamagi genisligi 10 m
Dilim ve komiir damari sev agist 65 derece
Y1gin kiimeleri i¢in sev agist 35 derece
Ortii kabarmasi %30
Kepge dolma faktorii 0,90
Ortii yogunlugu (kabarmus) 1,8 t/m?
Linyit yogunlugu (yerinde) 1,3 t/m?
Yillik planli ¢aligma siiresi 7000 h
Toplam c¢aligma verimi %80
Yillik planli linyit tiretimi 25000 000 t

Yillik 6rtiikazi hacmi 34516 765 m?

Uretim benzetimi modelinin galistirilmasin-
dan o6nce filo igerisinde tiim birimler; pano
boyunca ya da kesitince dogrusal, alansal ve
hacimsel boyut gereksinimlerini saglamak ve
kisitlar1 asmak durumundadirlar. Daha sonra,
basarili olan bir filoya ait ¢ekmekepgelerin
kanal, anadilim ve geri ¢ekim konumlarin-
daki doniis agilar1 ve tekrarkazi yiizdesi he-
saplanmaktadir. Uretim benzetimi, esit uzun-
luga sahip oOrtii bloklar1 baz almarak
yapilmaktadir. Dilim tarafindaki ortii basa-
maklandirilarak ¢ekmekepgelere tahsis edil-
diginden iist basamak, her denemede 20 m
kalinliktan baglatilmakta ve takip eden de-
nemelerde 1 m artirnm ile kalinlastirilmakta-
dir. TBC’nin ¢aligtirildign yigin tarafi geo-
metrisi tamamen dilim tarafindaki basamak
kalinliklar1 ve denemede secilen ¢ekmekep-
celerin boyutlarina bagli olarak, geometri
modiilii tarafindan hesaplanmaktadir. Her
denemede belirlenen ve bir DXF dosyasina
aktarilan ocak geometrisi sonuglarinin kulla-
nildig1 iiretim benzetimi modiilii, verilen ko-
sullar altinda, se¢ilen ¢ekmekepge filosunun
gerekli yillik dekapaji1 yapip yapamayacagini
test etmektedir. Modeldeki amag fonksiyonu,
yillik iiretimi en az toplam bekleme siiresi ile
saglayan {iglii ¢ekmekepce filosunu tespit
etmektir.

4.2.3 Model ile Denemeler

Optimizasyon modeli toplam olarak 16 ardi-
sik calistirma sonunda en uygun sonuglar
vermistir. Birinci denemede oldukga biiyiik
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kepce kapasitesi ve uzanima sahip ii¢ adet
cekmekepge segilerek, oncelikle, 34 516 765
m? hacimdeki dekapajin diinyada imal edilen
biiyiik kapasiteli ¢ekmekepgeler ile gergek-
lestirilebilecegi smanmustir. Segilen ¢ekme-
kepgelere ait boyutsal veri Cizelge 3’de su-
nulmustur.

Cizelge 3. Kullanilan ¢ekmekepgelerin bo-
yutlar1 (Deneme 1)

BC YBC TBC
Calisma yarigap1 (m)  111,9 1052 111,3
Kova kapasitesi (m?) 103,0 71,0 88,0
Tabla yarigap1 (m) 244 20,1 25,6
Adim boyu (m) 2,18 2,18 2,13
Yiiriime hizi (m/dak)  214,0 214,0 -

Benzetim modelinin birinci deneme c¢alisti-
rilmas1 basarili  sonuclar vermistir. Uglii
¢cekmekepge filosu tiim basamak kombinas-
yonlarinda 34 516 765 m® hacimdeki deka-
pajt zamanindan olduk¢a Once tamamlamig
ve oldukea yiiksek sayilabilecek oranlarda
calisma sirasinda ve sonrasinda bekleme
yiizdeleri vermistir. Bu degerler Cizelge 4’te
goriilebilir.

Uclii ¢cekmekepge filosundaki BC, YBC
ve TBC’nin kanal kazisi, dilim kazisi, yiirii-
me, arizalar, ¢alisma sirasinda ve sonrasinda
beklemeden olusan gorev bilesenlerinin st
basamak kalmliginin fonksiyonu olarak yiiz-
delik oranlar1 Sekiller 3, 4 ve 5’de sunulmus-
tur. Buna gore asagidaki ¢ikarimlar yapilabi-
lir:

a. Filo i¢indeki tiim kazici birimlerin ¢alis-
ma sonrasinda bekleme siireleri bulundu-
gundan li¢lii, tist basamak kalinliginin 30
m — 56 m arasindaki 14 kombinasyonun-
da da istenilen dekapaji verilen siire igeri-
sinde tamamlamustir.

b. BC igin ¢alisma sonrasinda bekleme sii-
resi basamak kalinligini ile negatif kore-
lasyona sahiptir ve bu durumda en uygun
iist basamak kalinlig1 56 m’dir. Kanal ka-
z1s1, dilim kazisi, ylirlime ve arizalar igin
harcanan siire basamak kalinligi, dolayi-
styla blok boyutlari ile artmaktadir (Sekil
3).

¢. YBC i¢in en diisiik toplam bekleme siire-
si %3,21 ile 40 m’lik alt basamak kalinli-
ginda saglanmaktadir. Ancak basamak 14
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m’ye inceldiginde toplam bekleme, ben-
zetim siiresinin %63,54’line erismektedir.
YBC atanan siirenin %55,92’sinde ¢alis-
ma sirasinda beklemis, %7,62’sinde ise
calisma sonrasinda beklemistir. Bu veri
YBC’nin verilen is yiikiine gore oldukg¢a
biiyliik kapasiteye sahip olduguna isaret
etmektedir ve verilen kosullar altinda
YBC i¢in en uygun basamak yiiksekligi
bulunamamaktadir (Sekil 4).

Tim basamak kalinlig1 birlesimlerinde
TBC kendisine atanan blok kazisini ta-
mamladiktan sonra nihai olarak beklemis-
tir. Bu da TBC’nin atanan blok hacmi ile
karsilastirildiginda, yiiksek kapasiteye
sahip olduguna isaret etmektedir. Sekil
5’den tekrarkazi i¢in gecen siirenin dalga-
landig1 gortilmektedir. Bunun nedeni, her

ne kadar dilim tarafinda kazilacak toplam
yerinde dekapaj miktar1 tim birlesimler
i¢in sabit olsa da, basamak kalinliklarin-
daki degismelerin, basamaklarda calisan
¢ekmekepgelerin saglamasi gereken bo-
yutlar1 degistirmesinden Otiirli artan ya da
azalan tekrarkazi oranidir.

Filodaki ¢ekmekepgelerin dogrusal iler-
leme hizlarmin esitlenmesi, birimler arasi
eszamanlamanin isaretidir. Bu nedenle her
ii¢ tnitenin dogrusal ilerleme hizi, referans
basamak kalinligina karsi ¢izilmistir. Sekil-
ler 6, 7 ve 8’de her iki bekleme tipi de goz
oniine alindiginda, yalnizca ¢aligma sonra-
sinda bekleme goz ard1 edildiginde ve her iki
bekleme tiirii de goz ardi edildiginde olusan
ilerleme hizlar1 verilmektedir. Erisilen so-
nuglar asagida verilmistir.

Cizelge 4. Cekmekepgelerin bekleme yiizdeleri (Deneme 1)

Hus BC, (%) YBC, (%) TBC, (%) Toplam bekleme (%)
(m)
2 z 1 2 ) 1 2 2 1 2 z
30 47,62 47,62 0,57 2,64 3,21 31,48 1,86 33,34 32,05 52,12 84,18
32 4320 43,20 0,59 8,21 8,80 27,48 7,30 34,78 28,07 58,71 86,78

34 40,93 40,93 0,68 11,18 11,85
36 37,57 37,57 0,61 16,46 17,08
38 3485 3485 0,84 19,70 20,54
40 31,07 31,07 1,02 24,81 25,84
42 28,47 2847 2,50 27,17 29,67
44 2529 2529 9,96 24,59 34,56
46 23,16 23,16 16,73 22,48 39,21
48 19,86 19,86 24,51 19,47 43,97
50 16,34 16,34 33,09 15,92 49,01
52 13,81 13,81 40,44 13,40 53,84
54 1024 10,24 48,08 9,98 58,06
56 7,89 7,89 55,92 7,62 63,54

24,42 9,61 34,03 25,09 61,72 86,81
19,85 15,26 35,11 20,47 69,29 89,76
17,21 18,65 35,86 18,06 73,19 91,25
13,75 23,92 37,67 14,777 79,80 94,57

9,56 25,83 3538 12,06 81,46 93,53
13,00 23,41 36,41 2296 73,29 96,26
12,73 21,36 34,09 29,46 67,00 96,46
15,43 17,41 32,83 3993 56,73 96,67
18,76 13,99 32,75 51,86 46,25 98,11
19,44 11,83 31,27 59,88 39,04 98,92
22,39 8,48 30,87 70,47 28,69 99,17
21,59 5,98 27,57 77,51 21,49 99,00

1 Caligma sirasinda bekleme (%), 2 Caligma sonrasinda bekleme (%), £ Toplam bekleme (%)

Benzetim siiresinin goreviere dagilimi

30 32 34 36 38 40 42 44 46 48 50 52 54 56
Ust basamak kalinligi (m)

[mKanal kazs! OIDiim kazist OYarime B Anza ENihai bekleme |

Sekil 3. BC i¢in {ist basamak kalinligmin
fonksiyonu olarak optimizasyon siiresinin
gorevlere yiizdelik dagilimi (Deneme 1)

Benzetim siiresinin géreviere dagilimi

40 38 36 34 32 30 28 26 24 22 20 18 16 14
Alt basamak kalinhigi (m)

[mKanal kazisi O Diim kazisi O Yérime BAriza @ Galisma sirasinda bekleme [ Calisma sonrasinda bekleme |

Sekil 4. YBC igin alt basamak kalinliginin
fonksiyonu olarak optimizasyon siiresinin
gorevlere yiizdelik dagilimi (Deneme 1)
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Sekil 5. TBC igin {ist basamak kalinliginin
fonksiyonu olarak optimizasyon siiresinin
gorevlere ylizdelik dagilimi (Deneme 1)

TBC’nin verilen is yiikiine gore biyiik
kapasiteli oldugu ve dogrusal ilerleme hi-
zinin, Sekil 7’de wverildigi iizere,
YBC’den yiiksek oldugu sonucuna vari-
labilir. Gergekten de, bastan itibaren
TBC’nin dogrusal ilerleme hiz1 YBC ile
esittir. Bunun nedeni TBC’nin siirekli
olarak ¢alisma sirasinda bekleyerek, YBC
ile arasinda korunmasi gereken emniyet
mesafesinin saglanmasidir.

. Sekil 8’de her iki bekleme siiresinin de

gdz Oniline alinmadig1 net dogrusal iler-
leme hizlar1 verilmektedir. Buradan, veri-
len kosullar ve secilen g¢ekmekepgeler
g0z Oniine alindiginda filodaki ti¢ ¢ekme

a. Toplam ilerleme hizi, tim ¢ekmekepgeler kepgenin es zamanlanamayacagi goriil-
i¢in, toplam g¢alisma siiresinin kat edilen mektedir. 42 m’lik iist basamak kalinligi
toplam dogrusal mesafeye boliinmesi ile (dolayistyla 28 m’lik alt basamak kalinli-
hesaplanmaktadir. Bu hiz degeri hem ca- §1) degerinde BC ve YBC’nin dogrusal
lisma sirasinda hem de ¢alisma sonrasin- ilerleme hizlar1 yaklasik 2,038 m/h ve
da bekleme igin gecen siireleri de goz 2,080 m/h ile birbirine ¢ok yakindir. An-
Ontine almaktadir. Sekil 6’dan 30 m — 56 cak bu durumda TBC’nin ilerleme hizi
m iist basamak kalinlig1 arasinda yapilan 2,273 m/h ile digerlerinden yiiksektir ki,
basarili 14 denemede dogrusal ilerleme atandigindan daha fazla dekapaj yapabil-
hizlarmin 1,46 m/h civarinda oldugu go- me yetenegine sahip olduguna isaret et-
rilmektedir. Sapmalar, benzetim mode- mektedir. Ancak tam es zamanlanma tiim
lindeki rastsal dogaya sahip degiskenlerle birimlerin ilerleme hizlarinin belirli bir
agiklanabilir. basamak kalinlig1 degerinde esitlenmesini

b. Yalnizca calisma sirasinda kaydedilen gerektirdiginden ilk denemede segilen

dogrusal ilerleme hizlart Sekil 7°de su-
nulmustur. Ust basamak kalinlig1, dolayi-
siyla bireysel set boyutu arttikga, BC’nin
ilerleme hiz1 siirekli diismektedir. Ilerle-
me hizt BC’ye bagli olan YBC, iist basa-
mak kalinlig1 42 m’ye ylikselesiye kadar,
alt basamak giderek inceldiginden, artan
ilerleme hizlarina sahip olmus ve 42
m’lik iist basamak kalinliginda BC’nin
dogrusal ilerleme hizina yetismistir. 42 m
ve daha kalin iist basamakta YBC, calis-
ma sirasinda periyodik araliklarla dura-
rak, BC’nin ilerlemesini ve aralarindaki
emniyet araliginin yeniden korunmasini
saglamak zorundadir. Bu durum YBC’nin
giderek daha fazla siireyi ¢alismalar sira-
sinda bekleme ile gecirecegini goster-
mektedir. Diger taraftan TBC, Sekil
5’den agike¢a goriilecegi iizere, en inceden

Dogrusal ilerleme hizi (m/h)

¢ekmekepcgeler ile amag fonksiyonlart
saglanamamis durumdadir. Ayrica her ii¢
birimin de ¢aligma sonrasi bekleme yiiz-
deleri sirasiyla, BC i¢in %28,47, YBC
i¢in %29,67 ve TBC i¢in %35,38 ile ol-
dukga yiiksektir. Buradan da her ii¢ gek-
mekepgenin, kendilerine atanan blok ha-
cimleri ile karsilastirildiginda oldukga
biiyiikk kepce kapasitelerine sahip olduk-
lar1 agikga goriilmektedir.

——BC
1.47 -=-YBG
—e-TBC

28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58
Ust basamak kalinligi (m)

Sekil 6. Her iki bekleme tipi gbz oniine alin-
diginda iist basamak kalinliginin fonksiyonu
olarak dogrusal ilerleme (Deneme 1)

en kalina olmak tizere tiim iist basamak
kalinlig1 araligindan ¢alisma sonrasi bek-
leme siiresine sahiptir. Bu durumda
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Sekil 7. Calisma sonrasinda bekleme g6z ar-
d1 edildiginde iist basamak kalinliginin fonk-
siyonu olarak dogrusal ilerleme (Deneme 1)

Dogrusal ilerleme hizi (m/h)

28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58
Ust basamak kalinligi (m)

Sekil 8. Her iki bekleme tiirii goz ard1 edil-
diginde iist basamak kalinliginin fonksiyonu
olarak dogrusal ilerleme (Deneme 1)

Tam eszamanli bir filoda tiim birimlerin bek-
leme siireleri sifira yakin ve dogrusal ilerle-
me hizlari ise birbirine esittir. Bu amag fonk-
siyonunu saglamak i¢in model, en uygun
filoyu belirlemek i¢in birinci denemeden
sonra 15 kez daha farkli gekmekepge tigliileri
secilerek, calistirtlmigtir. Optimum sonuca
erisilen 16. denemede segilen ¢ekmekepgele-
re ait temel boyutlar, Cizelge 5’te sunulmus-
tur. Optimizasyon siiresinin gorevlere dagi-
lim1 BC, YBC ve TBC igin Sekiller 9, 10 ve
11°de gosterilmekte, sonuglar agagida veril-
mektedir:
a. Cekmekepge {igliisii tretim kisidini g
kez, iist basamak kalinliginin 44 m ile 48
m arasindaki degerlerinde saglayabilmig-
tir. Bu araligin disinda YBC, iist basama-
gin 30 m — 42 m araliginda gerekli {ireti-
mi yapamamis, 50 m — 60 m aralifinda
ise BC gerekli liretimi saglayamadigindan
ve YBC ile TBC, BC’ye bagimli oldukla-

rindan onlar da kendilerine atanan blokla-
rin kazisimi verilen optimizasyon siiresi
icinde tamamlayamamuslardir.

b. Amag fonksiyonunun en uygun ¢éziimi-
ne iist basamagin 44 m oldugu kalinlikta
erisilmistir. Buna gore hem c¢alisma sira-
sinda hem de ¢alisma sonrasinda bekleme
icin gegen siireleri g6z Oniine alan toplam
ilerleme hiz1 BC, YBC ve TBC i¢in sira-
siyla, 1,476 m/h, 1,480 m/h ve 1,475 m/h
olarak kaydedilmistir (Sekil 12).

c. Toplam bekleme siiresi iist basamagin 44
m oldugu kalinlikta en kiiclik degerini
almaktadir. Cizelge 6’da ¢ekmekepgele-
rin bekleme yiizdeleri sunulmugtur.

100%

Benzetim siiresinin gérevlere dagilimi
a
g
N

30 32 34 36 38 40 42 44 46 48 50 52 54 56
Ust basamak kalinligi (m)

[mKanal kazisi OIDiim kazisi OYiriime BlAniza BGalisma sonrasinda bekleme |

Sekil 9. BC igin iist basamak kalmligimnin
fonksiyonu olarak optimizasyon siiresinin
gorevlere yiizdelik dagilimi (Deneme 16)

100%

Benzetim siiresinin gorevlere dagilimi
o
3
=

40 38 36 34 32 30 28 26 24 22 20 18 16 14
Alt basamak kalinligi (m)

[MKanal kazisi OIDiim kazisi OYiriime HAnza B Galisma sirasinda bekleme EiGalisma sonrasinda bekleme |

Sekil 10. YBC igin alt basamak kalinliginin
fonksiyonu olarak optimizasyon siiresinin
gorevlere yiizdelik dagilimi (Deneme 16)

51



. Erdem, Z. Duran

Benzetim siiresinin géreviere dagilimi

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

30 32 34 36 38 40 42 44 46 48 50 52 54 56
Ust basamak kalinligi (m)

[mTekrarkazi OYiriime BAnza EGalisma sirasinda bekleme Bl Galisma sonrasinda bekleme |

Sekil 11. TBC igin iist basamak kalinliginin
fonksiyonu olarak optimizasyon siiresinin
gorevlere yiizdelik dagilimi (Deneme 16)

Diger taraftan filodaki ¢cekmekepcelerin dog-
rusal ilerleme hizlar1 incelendiginde asagi-
daki sonuglara erigilmektedir:

a.

52

Ust basamagin 46 m kalinliga eristigi du-
rumda (alt basamak 24 m) YBC’nin dog-
rusal ilerleme hizi BC’ye yetismekte ve
bu kalinlik degerinden itibaren g¢alisma
sirasinda bekleme siireleri tutarli sekilde
artis  gOstermektedir. Benzer sekilde
TBC’de 44 m iist basamak kalinliginda
YBC’nin hizina diisiiriilmekte ve ¢alisma
sirasinda bekleme siireleri bu kalinliktan
itibaren artmaktadir (Sekil 12).

. Sekil 13 ve Sekil 14’den tiim ¢ekmekep-

celerin dogrusal ilerleme hizlar1 arasin-
daki farkin st basamagin 46 m oldugu
durumda en aza indirgendigi goriilmekte-
dir. BC calisma sirasinda beklemedigin-
den, birimlerin dogrusal ilerleme hizlari-
nin ey zamanlanmasi, her iki bagimh
¢cekmekepcenin calisma sirasindaki bek-
leme siirelerinin en az olduguna igaret
etmektedir. Kaz1 operasyonlarinin basla-
masindan itibaren YBC, BC’yi iki set ka-
z1s1 siiresince, TBC ise YBC’yi iki set
kazis1 siiresince (BC’yi ise yaklasik dort
set) bekledigi ve gegen zaman calisma si-
rasinda bekleme siiresi olarak kaydedildi-
gi i¢cin YBC ve TBC’nin ¢aligsma sirasin-
da bekleme siireleri sifir olmayacaktir.
Ancak en kisa toplam bekleme siiresine
44 m’lik {ist basamak kalinhiginda erisil-
mistir. Bu c¢eliskinin nedeni, 46. m’den
itibaren YBC ve TBC’nin BC’nin ilerle-
me hizina yavaslamis olmasindan kay-
naklanmaktadir. Her iki birim de gergek

Dogrusal ilerleme hizi (mih)

ilerleme hizlarinda olmadiklarindan uzun
caligma sirasinda beklemeye maruz kal-
makta ancak hizlar1 BC tarafindan dikte
edildiginden, filonun dogrusal ilerleme
hiz1 dikte edilmis bir hiz olmaktadir ki,
bu durum yanilticidir. 44 m’lik kalinlikta
YBC’nin dogrusal ilerleme hiz1 BC tara-
findan dikte edilmediginden bu basamak
kalinligi, filonun dogrusal ilerleme hizi-
nin optimize edildigi deger olarak alina-
caktir.

Model 16 kez calistirilarak, gerekli deka-
paj kisidinin saglanmasi kosulu ile bas-
langigta segilen ¢ekmekepgelerin kapasi-
telerinde Onemli indirimler saglamistir.
Buna gore BC, 108 m*’ten 85 m*’e, YBC
71 m*’ten 45 m*’e ve TBC 88 m*’ten 71
m*’e, dismiistiir. Bu, kepge kapasitele-
rinde BC i¢in %21,23, YBC i¢in %36,62
ve TBC i¢in %19,32 olarak yansimakta-
dir.

Cekmekepge filosunun en uygun ¢oziimii
sagladif1 ve es zamanlanmaya en yakin
oldugu nihai dilim geometrisi Sekil 15°de
verilmektedir. Cekmekepge filosu i¢in or-
talama linyit ve ortll kalinliklar1 kullanil-
digindan toplam kalinligin 109 m’yi ya
da ortii kalinhiginin 70 m’yi gectigi yer-
lerde bunun iizerindeki {ist Ortii, uygun
kapasitede ve yaklasik esit dogrusal iler-
leme hiz1 saglayabilen bir DKE-OUY sis-
temi ile alinmalidir. Olduk¢a yumusak
karakterdeki bu organik toprak g¢ekme-
kepge yiginlarinin 6tesine ve tizerine do-
kiilmek durumunda oldugundan Sekil
15°te gosterildigi lizere, ocak iizeri yayi-
cinin yatay uzanimi en az 202,8 m ve da-
ha fazla olmalidir.

T
=vEG
~=-T8C

28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58
Ustbasamak kalinhgr (m)

Sekil 12. Her iki bekleme tipi gbz Oniine
alindiginda {ist basamak kalinligimin fonksi-
yonu olarak dogrusal ilerleme (Deneme 16)
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Sekil 13. Calisma sonrasinda bekleme géz
ard1 edildiginde iist basamak kalinliginin
fonksiyonu olarak dogrusal ilerleme (Dene-
me 16)
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Sekil 14. Her iki bekleme tiirii goz ardi edil-
diginde iist basamak kalinliginin fonksiyonu
olarak dogrusal ilerleme (Deneme 16)

Cizelge 5. Kullanilan ¢ekmekepgelerin bo-
yutlart (Deneme 16)

BC YBC TBC
Caligma yarigapt (m)  110,9 93,9 103,6
Kova kapasitesi (m*) 85,0 45,0 71,0
Tabla yarigap1 (m) 226 194 244
Adim boyu (m) 2,59 2,59 2,13
Yiiriime hiz1 (m/dak)  241,0 225,0 -
5 SONUCLAR

Bu calismada ii¢ ¢ekmekepge ile bir DKE-
OUY ikilisinden olusan ortiikkaz1 filosunun,
yaklasik 750x10° t linyit barindiran Afsin-
Elbistan linyit havzasi D-Sektorii gibi kalin
komiir damari lizerindeki derin Ortii tabaka-
larinda dekapaj yapmasini modelleyen bir
optimizasyon modeli gelistirilmistir. Model,
en uygun ¢ekmekepge filosunu se¢mek igin
iic amag fonksiyonu kullanmaktadir, bunlar:
BC, YBC ve TBC nihai bekleme siirelerinin
en az ve dogrusal ilerleme hizlarmin da esit
olmasidir. Ancak {i¢ birimden olusan bir filo
secerken bu fonksiyonlarin bireysel degil
birlikte degerlendirilmesi gerekmektedir.
Sonuglar, ¢ekmekepge filosuna birakilan 70
m’lik ortiiden daha derin yerlerde iist tabaka-
larin DKE-OUY ikilisi ile kazilip, tasimmasi
kosulu ile ii¢ adet biiyiik kapasiteli ¢ekme-
kepgenin proje 6ngdriisii olan yillik 25x10° t
linyitin {izerini agabilecegini ve gerekli ye-
rinde 34,5x10° m*® dekapaji yapabilecegini
gostermektedir.

Cizelge 6. Cekmekepgelerin bekleme yiizdeleri (Deneme 16)

Hys BC, (%) YBC, (%) TBC, (%) Toplam bekleme, (%)
(m)
2 z 1 2 z 1 2 z 1 2 )
30 0,00 0,00 0,76 0,00 0,76 36,29 0,00 36,29 37,05 0,00 37,05
32 0,00 0,00 0,73 0,00 0,73 34,50 0,00 34,50 3523 0,00 35,23
34 0,00 0,00 1,12 0,00 1,12 31,25 0,00 31,25 32,36 0,00 32,36
36 0,00 0,00 0,81 0,00 0,81 30,88 0,00 30,88 31,70 0,00 31,70
38 0,00 0,00 0,78 0,00 0,78 23,89 0,00 23,89 24,67 0,00 24,67
40 0,00 0,00 1,22 0,00 1,22 21,71 0,00 21,71 2293 0,00 22,93
42 0,00 0,00 0,79 0,00 0,79 16,83 0,00 16,83 17,62 0,00 17,62
44 11,15 11,15 1,11 2,60 3,70 12,76 1,89 14,65 13,86 15,64 29,50
46 7,73 1,73 4,73 6,57 11,30 8,86 5,56 14,42 13,59 19,85 33,44
48 334 334 15,86 2,14 17,99 12,76 1,40 14,16 28,62 6,87 3549
50 0,70 0,70 25,31 -0,06 25,25 14,60 -0,36 14,24 3991 0,28 40,19
52 0,00 0,00 34,64 0,00 34,64 17,76 0,00 17,76 52,40 0,00 52,40
54 0,00 0,00 43,34 0,00 43,34 20,83 0,00 20,83 64,17 0,00 64,17
56 0,00 0,00 51,04 0,00 51,04 20,37 0,00 20,37 7141 0,00 71,41
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Sekil 15. Erisilen en uygun ¢6ziime ait dilim geometrisi (Deneme 16)

KAYNAKLAR

B-E, 1977. Surface mining supervisory training pro-
gram, Bucyrus-Erie Corporation, Wisconsin,
USA, 224 pp.

Bahr, A, 2007. Ensham gets creative, Australia’s
Mining Monthly, July, 87-89.

Erdem, B, and Celebi, N, 1999. A method to syn-
chronize the tandem dragline systems, CIM Bulle-
tin, Vol. 92, No. 1029, 55-61.

Kesimal, A, Tuncer, G, ve ipekoglu, B, 1997. Cross-
pit konveyorler ve maden sahasinin yeniden 1sla-
hindaki roll, Tiirkive 15. Madencilik Kongresi
Bildiriler Kitabi ISBN 975-395-216-3), 257-261,
Ankara.

Kogak, C, Kiirk¢ii, NS, ve Yilmaz, S, 2003. Afsin-
Elbistan linyit havzasinin degerlendirilmesi ve
linyit kaynaklar1 arasindaki yeri, Tiirkiye 9. Enerji
Kongresi Bildiriler Kitabi, Cilt 2, 15-24, Istanbul.

Niemann-Delius, C, and Thiels, W, 1988. Planning
and scheduling by mine equipment and mine
simulation programs for combined cross pit
spreader (XPS) and dragline operations, Proceed-
ings First Canadian Conference on Computer
Applications in the Mineral Industry, 369-372,
Rotterdam.

Rai, P, 2007. A critical case study on draglines oper-
ating in vertical tandem in a coal mine, /E(])
Journal-MN, 87, 3-9.

Ural, S, and Yuksel, F, 2004. Geotechnical charac-
terization of lignite-bearing horizons in the
Afsin—Elbistan lignite basin, SE Turkey, Engi-
neering Geology, 75, 129-146.

WEBL, http://www.teias.gov.tr

54

World Bank, 1996. Mongolia coal project, Staff Ap-
praisal Report, Project ID number. MN-PE-
35697, The World Bank Infrastructure Operations
Division.



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

Hidrolik Kaya Delicilerde Gelismis Teknolojilerin Kullanimi
The Use of High Technology in the Hydraulic Rock Drilling
Machines

E.A.Kantarci, G.Buyurgan
Atlas Copco Makinalart Imalat A S, Tuzla, Istanbul

OZET Kaya kazi islerinde kazinin rahat yapilabilmesi igin yapilan patlatma oncesi delme,
onemli bir maliyeti olusturmaktadir. Bu da kaya delici makine iireticilerini farkli bakis agilart
gelistirmeye yoneltmistir.

Kaya kazilarinin rahat yapilmasinda patlatma sonucu dnem tagimaktadir. Bunun i¢in de, se¢ilmis
uygun delik diizeninin delme esnasinda sahaya aynen uygulanabiliyor olmasi gerekmektedir.
Gelismis teknolojilerin adapte edildigi bu kaya delici makineler, yakit sarfiyatin1 reform niteligi
tagtyacak seviyelerde disiiriirken, patlatma delik Kkalitesini de segilen delik diizeninin
uygulanmasi esnasindaki hassasiyetiyle carpici bir sekilde arttirmaktadir. Delme esnasinda
toplanan veriler sayesinde kaya yapist hakkinda patlayict sarj planini olumlu etkileyecek bilgiler
saglamaktadir. Sadece kaya yapisi degil, hesaplamalarda kullanilabilir detayli bilgiler
kaydetmektedir.

Bu c¢alismada, hidrolik delici makinelerde kullanilan gelismis teknolojinin kullanicilara
saglayacagi katkilardan bahsedilmistir.

Anahtar Kelimeler: delici makine, delik kalitesi, Hidrolik delici, HNS

ABSTRACT Drilling before blasting to provide efficient rock excavation works holds
significant cost of operation. That reason pushes rock drilling machine industry to gain different
perspective.

Blasting results are important for rock excavation. Chosen blasting pattern has to be applicable to

field exactly.

High technology applied hydraulic rock drilling machines provide extraordinary oil savings as a
reform and by applying chosen drill pattern to field precisely increases blast hole quality. Also,
by collection of various data about rock type during drilling supplies beneficial information to be
adapted to explosive charging plans. Not only about the rock type, SmartROC collect many other
data to be used in cost calculations.

In this study, benefits of the high technology application has been presented

Keywords: Drilling machine, hole quality, Hydraulic Tracked Drillng Machine, HNS
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1 GIRiS

Delme ve patlatma faaliyetleri, madencilikte
ve kazi gerektiren insaat islerinde, isin
yapilmasinda biiylikk  bir 6nem teskil
etmektedir.  Gelisen teknolojilerin  bu
uygulamalarda maliyetlerin diislisiine olumlu
etkileri giin gectikge artmaktadir. Delme ve
patlatma faaliyetlerinde maliyete etkisi
bulunan tim parametreler en basindan
detayli bir sekilde degerlendirilmektedir.

Patlatma Oncesi kaya delme islemi igin
kullanilan hidrolik paletli delicilerin isletim
maliyetleri gerek yakit gerekse kaya delme
sarf malzemeleri bakimindan bir maliyet
olusturmaktadir. Teknoloji kaya delici
makineler lizerinde de gelisme ve
ilerlemelere neden olmustur. Basta yakit
tasarrufu olmak iizere, kaya kazi islemlerinde
verime de etkide bulunacak sekilde birim
maliyetlerin diisiiriilecek yeni teknolojiler
gelistirilmistir.

Kaya delme islemlerinde delme esnasinda
delici ekipman ile darbenin yaratildig1 yere
gore iki farkli metot kullanilabilmektedir.
Metodun  secimine  karar  verilirken,
uygulama ve kaya yapisi goz Oniinde
bulundurulmaktadir. Kaya yapisii goz
onlinde bulundurmak kaydiyla, diizgiin ve
paralel  delikler delinmesi i¢in  bu
metodlardan  birisi  secilmektedir.  Bu
metodlardan {stten darbeli kaya delme
metodu; delik kalitesinin yiikseltilmesi i¢in
farkli teknolojilerin sik¢a adapte edildigi bir
yontem olmaktadir (Sekil 1).
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Sekil 1. Delme Metotlar

1) Delik Tipi Darbe 2) Ustten Darbe

Ustten darbeli kaya delme metodu, paletli
hidrolik delici makine {izerinde bulunan
rotasyon ve darbe yaratan bir tabanca
sayesinde, kayanin kirilmast ve kirilan
parcalarin basmngli hava yardimiyla disart
atilmasiyla gergeklesir. Tabancanin kaya ile
temast icin gerekli baskiyr makine {izerinde
bulunan kizaktaki makara sistemi
saglamaktadir (Sekil 2). Bu sistem ile
delinebilecek delik ¢apmin kisitli olmasina
kargin, yiikksek performansli bir delme
metodudur.  Ustten darbeli kaya delme
metodunda delik kalitesinin yiikseltilmesi ve
patlatma veriminin de bu yonde degismesi
adina gelistirilen sistemler vardir.

Tabanca-.|

roiasyOn

St

Sekil 2. Ustten Darbeli Tabanca Sisteminin
Makine Uzerindeki Konumu
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2 KONTROL SiSTEMLERININ DELIK
KALITESi VE PATLATMA VERIMINE
ETKIiSi

Uygulamalarin basinda belirlenmis patlama
planina uygun delme i¢in operatoriin dikkati
¢ok oOnemliydi. Fakat gelistirilen sistemler
yardimiyla, insan inisiyatifi  bilgisayar
kontroliine devredilmistir.

Delme patlatma planinda yapilan hatalar,
eger bir kirma eleme tesisi varsa, bu tesiste
maliyetlerin  yiikselmesinin ~ gdzlenmesine
neden olmustur.

Ornek olarak, delme planinda bulunan 90°
acil1 yiizeye dik, birbirine paralel 10 metrelik
delikler delinecektir. Fakat delme esnasinda
0,5 metre fazla dip delgi ve 1° de
pozisyonlamada hata yapilmistir. Rakamsal
degerlendirme yapmaksizin, olusturabilecegi
ekstra maliyetlerden bahsedecek olursak,

o Olusabilecek ekstra maliyetleri tahmin
edilebildigi olclide degerlendirmeye
calisgalm. 0,5 metre fazla delginin
getirecegi, patlayici sarjinin getirecegi
bir maliyet olusacaktir.

e 1° lik hatadan kaynaklanacak daha
uzun delgi metraji ve sapmadan
kaynakli olarak ortaya c¢ikabilecek
aksesuar hasarlarindan sarf malzeme
maliyetleri dogacaktir.

e Delme hatasi nedeniyle olusacak kaya
bloklarinin tekrar delme/patlatma veya
hidrolik kirict ile taginabilecek boyuta
indirgemesi i¢in zaman ve para
harcanacaktir.

e Patlatma enerjisinin homojen bir
sekilde dagilmamasi sebebiyle az
yogun sarj alaninda kayanin serbest
ylizey bulamamasindan kaynaklanan
geri catlatmalar ve bir sonraki delme
isleminin daha maliyetli olmasina
neden olacaktir.

3 MEVCUT USTTEN DARBELI KAYA
DELME MAKINELERINDE BULUNAN
KONTROL SiSTEMLER

Ustten darbeli kaya delme metodunda, delici
aksesuarin korunmasi ve delik kalitesinin
yiikseltilmesi i¢in gelistirilmis sistemler
bulunmaktadir. kayaya
uyguladigi kayanin
verdigi tepkinin hesaplanmasi ve oSl¢iilmesi
ile makinenin ayarlarinin degismesi veya
degistirilmesi ile diizgiin ve paralel delikler
delinmesi saglanmaya ¢alisilmaktadir.

Tabancanin

etkinin  sonrasinda

a. Kaya yapisimin yerine gore farkliliklar
gostermesi  sebebiyle, delici
iizerinde de birden fazla sistem yer
almaktadir. Bu sistemler, FPCI (Baski Basing
Kontrol Sistemi-Feed Pressure Control
Impact) , RPCF Rotasyon Basinci Kontrol
Sistemi-Rotation Control  of
Impact), Otomatik Delgi Baslangic Sistemi
(Automatic Collaring) , DPC-I sistemleri
bulunmaktadir.

makineler

Pressure

Ayrica delici tabanca ve aksesuarlarin yer
aldig1 kizagin otomatik pozisyonlama sistemi
yardimiyla dogru agi ve derinlige delik
delmesi de delik Kkalitesini etkilemigtir.
Ozellikle agili delik delinen uygulamalarda,
bu fark gozle sekilde
gozlemlenebilmektedir.

goriliir
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a. FPCI (Baski Basin¢ Kontrol Sistemi-
Feed Pressure Control Impact)

Tabancadaki rotasyon basinci arttiginda,
delik igerisinde bir zorlanma, kirilan
malzemelerin veya herhangi bagka bir etkinin
delici takimin sikismasina neden olacagi
sinyallerine kars1 darbeyi azaltan sistemdir.
Bu sayede delici takimin zarar gormesi
engellenmektedir.

b. RPCF (Rotasyon Basinci Kontrol
Sistemi-Rotation Pressure Control of
Impact)

Tabanca rotasyonu saglarken zorlanma ile
karsilagirsa, takim {izerindeki baskiyr da
azaltmaktadir. FPCI sisteminden farkli bir
basing araliginda devreye girmektedir. Bu
sayede sistem kontrolli bir sekilde delik
delmeye devam edebilmektedir.

c. Otomatik Delgi Baslangic Sistemi
(Automatic Collaring)

Delme isleminin en basinda  delici
aksesuardan bitin baslangi¢ icin kendisine
kilavuz bir yer agmasina yardimct olan ve
dolayisiyla deligin diizgiin ilerleyebilmesi
icin  ¢aligan  sistemdir. Bu  sistem
devredeyken, rotasyon sabit kalirken darbe
ve baski diisiik kalmaktadir. Delik igin
kilavuz yaratildiktan sonra 6nce baski sonra
da darbe basinci artmaktadir.

d. DPC-I (Damping Basinc Kontrol
Sistemi- Damper Pressure Control of
Impact)

Bu sistem takima uygulanan darbe basincinin
delici takim iizerinden geri doniisiinii okuyan
bir diizenek yardimiyla ¢aligmaktadir. Delgi
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esnasinda kaya yapisinda herhangi bir
bosluk/bozuk zemin ile karsilasildiginda,
delici takimin zarar gérmesine en ¢ok etkisi
bulunan darbe basmciin  kontroliinii
saglamaktadir. Tabanca iginde bulunan ek bir
pistonun hareketine gore darbe azaltilip
arttirtlmaktadir.

4 GELISTIRILMIiS USTTEN DARBELI
DELICi MAKINELERDE BULUNAN
KONTROL SiSTEMLER

Var olan hidrolik delici ekipmanlarda
yukarida agiklamasi yapilan delgi kontrol
sistemlerinden bir veya bir kag¢1 bulunurken,
son teknoloji {irlinii olan ekipmanlarda bu
sistemler bilgisayar kontrolii yardimiyla
isbirligi icinde ¢aligmaktadir.

Elektronik  sistemlerin  entegrasyonunun
yardimiyla, bilgisayar yazilimlarmin yaptig
hassas Ol¢iim ve hesaplamalarla delik
kalitesinin arttirilmasi hedeflenmistir.

Bu sistemleri Delici Kontrol Sistemi RCS
(Roc Control System) desteklemektedir. Ozel
yazilim sayesinde mekanik olarak algilanan
degerler, hesaplanarak, makinenin ilgili
ayarlamalarinin yapilmasi saglanmaktadir.

Ayrica bilgisayar sistemleri bir arayiiz
yardimiyla  delici caligmasi
esnasinda, bazi
almaktadir (Sekil 3). Bu veriler, isletme
maliyetlerini, operatdriin caligma verimini,
delgi esnasinda hangi aktivitede daha fazla
vakit harcandigi1 ve buna benzer kontrol
parametreleri ile ilgili kullanilabilmektedir.

makine
verileri  kayit altina
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Sekil 3. Atlas Copco Delici Makine Veri
Toplama ve Isleme Icin Hazirlanmis
Bilgisayar Yazilimi

Yeni nesil delici makine iizerinde bulunan
kontrol sistemleri, delik sapmalarina biiyiik
Ol¢iide engel olmaktadir. Planlanan delgi
diizenine uygun ve paralel delinmis bir
basamak veya kazi sahasinda patlatma
enerjisi homojen olarak dagilacagindan hem
daha kontrol edilebilir bir patlama sonucu
hem de ayni sekilde beklentilere uygun tane
boyutu ve kaziya uygun yiizeyler
olusturulabilecektir.

5 YENIi NESIL HIDROLIK DELICi

MAKINELERDE ENERJi
VERIMLILiGIiNi SAGLAYAN
SISTEMLER

Yeni nesil hidrolik delici makinelerde, delik
kalitesinin arttirilmasinin  yaninda, delgi
iglemi yapilirken harcanan enerjinin verimli
kullanilmas1 da dikkate alinmaktadir. Kontrol
sistemlerinin de yardimiyla makine iizerinde
bulunan ve yakit sarfiyatinin  temel
sebeplerinden bir olan hava kompresort,
delgi islemi esnasinda ayni basingta fakat
farkli debilerde hava iiretilebilmesine imkan
saglamaktadir.  Temel  olarak,  delgi
bagladiginda ilk birka¢ metrede deligin
temizlenmesi ic¢in gereken hava miktar ile
sonrasinda temizleme igin gerekli olacak
hava miktar1 farkli olacaktir. Kompresorde
iretilen havanin miktarm ayarlanmasi

sayesinde, delici makine yakit sarfiyatinin
azaltilmasi amaglanmistir.

Mevcut makinelerde, motor sogutmasina ait
fan hava sartlari ne olursa olsun, siirekli ayni
sogutma kapasitesiyle caligmaktadir. Yeni
nesil makinelerde ise, hava ve motor
sicakligmma bagli olarak gerektigi kadar
¢aligsmaktadir.

Makine iizerinde bulunan hidrolik sistem
kiictiltiilerek, sistem igerisindeki 1sinma ve
strtinmede kaybedilen enerji miktarinin
azaltilmast amaglanmistir. Aymi  oranda
hidrolik hortumlarin ve birlesim noktast
miktarinda da azalma go6zlemlenmektedir.
Tek bir noktadan dagilan hidrolik basing,
arttk ulagmasi1 gereken noktaya en yakin
yerden yola cikarak gitmektedir. Tasarruf
saglamasinin yani sira, bakim esnasinda
degismesi gereken hortum ve kaplin
anlamina gelmektedir.

Delik kalitesini arttirmaya iligkin sistemin
tamanina HNS (Hole Navigation System) ad1
verilmistir. bulunan
mekanik kontrol sistemlerine ek olarak delici

Tabanca {izerinde
makine tabanca ve kizak sistemini otomatik
olarak pozisyonlamayi saglayan, GPS uydu
sistemleri ile desteklenen sistem hazirlanmis
delik diizeni planinin dogru
uygulanabilmesine yardim etmektedir. HNS
sistemi sayesinde, delik diizeninin araziye
¢izilmesi i¢in bir baska ¢alisana ihtiyag
duyulmazken, dikeyde fazla delgi
yapilmasina da engel olmaktadir. Ayrica agilt
delme uygulamalarinda, GPS sistemi ile
referans almasi sebebiyle yiiksek basari
getirmektedir. bom  hareketleri
esnasinda zaman kayiplarini en aza indirerek

Ayrica
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yakitin ~ delgi  islemine  harcanmasim

saglamaktadir. (Sekil 4).

- |
==
Sekil 4. HNS Sisteminin Veri Akisi
Bu sistemlerin yani sira zemin ve kaya
sartlar1 i¢in dogru delici sarf malzeme
kullanilmast da, enerji verimliligi
saglanmasina katkida bulunacaktir. Sert ve
yumugak zeminlerde kullanilan delici bitin
butonlarinin balistik veya yuvarlak seg¢ilmesi

birim zamanda delinen metre miktarini
onemli Ol¢iide etkileyecektir.

6 SONUCLAR

Artan petrol fiyatlari, kaya delme makinesi
gireticilerini  kullanicilarin =~ admma  baz
teknolojik  gelistirmelere siiriiklemektedir.
Ayni kapasitede veya daha fazlasini, daha az
enerji sarf ederek yapmayi saglayacak
sistemlerin  gelistirilmesini  zorunlu hale
getirmektedir.

Bu dogrultuda, insaat ve madencilik
faaliyetlerinde onemli bir rol oynayan
hidrolik delici ekipmanlarda yapilan isin
kalitesinde hem de isletme maliyetleri
konusunda bircok gelisme olmustur. Delme
esnasinda kaya yapisina uygun baski darbe
ve rotasyonun saglanmasina yardimci

sistemlerin yani sira, delme icin gerekli
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enerji miktarinin saglanmast i¢in de kontrol
sistemleri gelistirilmisgtir.

Hidrolik, kompresdr hava debisinde ve
sogutma sisteminde saglanan gelismeler,
yeni nesil makinelerin %50°ye kadar tasarruf
saglanmasina yol agmaktadir.

Ayrica bilgisayar kontrol sistemleri mekanik
sistemlerden aldig1 verileri islemek suretiyle
ve otomatik pozisyonlama sisteminin de
yardimiyla, patlatma delikleri i¢in hazirlanan
plana uygun diizenli delikler delinmesini
basarmaktadir.

Bilgisayar destekli kontrol sisteminde, ariza
tespitinin  de  kolaylagmasi  sebebiyle,
miidahale kisalmigtir. Bu da
makinenin sahada i yaptig1 siirelerin belirli
oranda artmasini saglamaktadir.

siireleri

Sonug¢ olarak, hidrolik delici ekipmanlar
barindirdiklart yeni teknoloji sayesinde,
birim maliyetlerin diisilirilmesi ve delme
kalitesindeki artig bakimindan yeni bir ¢agin
baslangici niteligindedir.

KAYNAKLAR

Hole Quality Systems, Atlas Copco, SDE, Orebro
Sweeden

Drilling Control Systems, Atlas Copco, SDE, Orebro
Sweeden

“Atlas Copco Surface Drilling Reference Book”
Atlas Copco, SDE, Orebro Sweeden
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U¢-Boyutlu Sayisal Patlatma Hasar Analizi
Three-Dimensional Numerical Blast Damage Analysis

O. Yilmaz, T. Unlii
Biilent Ecevit Universitesi, Maden Miihendisligi Boliimii, Zonguldak

OZET Bu calismada, patlatma yiikiine maruz bir kaya kiitlesinin davramisi iig-boyutlu sonlu
farklar sayisal ¢oziimleme yontemi kullanilarak arastirilmigtir. Coziimlemelerde kaya kiitlesi
dayaniminin karakterizasyonu i¢in Mohr-Coulomb yenilme 6l¢iitii kullanilmistir. Patlatma
deligi cidarma etkiyen gerilme, en yiiksek degerine kisa bir zamanda ulasan ve daha sonra
kismen uzun bir siirede soniimlenen iistel bir fonksiyonla modellenmistir. Coziimlemelerde
ayrica gerinim oraninin kaya malzemesinin mekanik 6zellikleri {izerindeki etkileri de goz
onlinde bulundurulmustur. Patlatma hasarini arastirmak igin farkli patlayici ve kayag tiirleri
g6z Oniinde bulundurulmustur. Sonuglar, kaya malzemesinin dinamik basing dayaniminin
tahmini i¢in Onerilen esitligin genel Onerilere ¢ok iyi uydugu gostermistir. Son olarak yiiksek
dayanimla kayaclarda yiiksek yogunluklu, diisiik dayanimli kayaglarda ise diisiik yogunluklu
patlayicilarin daha iyi bir pargalanma saglayacagi goriilmiistiir.

ABSTRACT In this study, the behaviour of rock mass subjected to blasting load is
investigated using three dimensional finite difference numerical modelling. In the analyses,
Mohr-Coulomb failure criterion has been used for the characterization of the rock mass
strength. Stresses acting on the blasthole boundary have been simulated by an exponential
function which reaches its maximum within a short time and then falls to zero value in a
considerable period. The strain rate effect on the mechanical properties of rock material has
also been taken into account in the analyses. Different explosive and site conditions have been
studied to investigate the blasting damage. Results have shown that proposed equation for the
dynamic compressive strength of rock material fits very well to general suggestions. Finally, it
has been found that high density explosives are better at rock fragmentation in hard rock
condition whereas low density explosives are better in relatively soft rock conditions.

1 GIRIS genel bir uzlasmaya varilmis olmasina
ragmen, Onerilen parcalanma teorileri
arasinda bir birlesme yoktur. Ortaya atilan
goriis ayriliklarina kaya kiitlesinin heterojen
dogasinin yani sira ayni zamanda patlatma
sok dalgalarinin asir1  kisa zamanda
olmasindan ve ¢atlak ilerlemesinin ¢ok hizli
bir sekilde gelismesinden kaynaklanan
deneysel caligmalarla ilgili gézlem zorluklar
da neden olabilmektedir. Diger yandan, tam
veya model oOlg¢ekli deneylerle kaya
patlatmasinin analizi ¢ok pahali ve oldukga

Delme-patlatma yontemiyle acilan bir yeralt
acikliginda meydana gelen patlatma kaynakli
hasar bdlgesinin tahmini, uzun doénem
duraylilik ¢aligmalari agisindan oldukca
onem tagimaktadir. Son 50 yildir patlayici
madde ile kaya pargalanma mekanizmasi
tanimlamak i¢in sayisiz deneysel calismalar
gerceklestirilmistir. Simdiye kadar yapilan
caligmalarda, patlatma yiikiiniin gerilme
dalgas1 ve gaz basinci olusturdugu iizerinde

61



0. Yilmaz, T. Unlii

zahmetlidir. Deneysel caligmalarda
gozlemlenen bu zorluklara karsin sayisal
gerilme ¢oziimlemeleri yontemlerinde hizli
bir ilerleme kaydedilmistir ve giglii
bilgisayar sistemlerinin kolay ulasilabilirligi,
sayisal gerilme ¢oziimlemelerini dinamik
kaya pargalanma mekanizmasi iizerinde
calismak i¢in simdilerde en g¢ok kullanilan
arag haline getirmistir.

Patlatma gibi dinamik yiiklere maruz kaya
yapilarinin bu yiikler karsisindaki tepkisini
kestirebilmek i¢in, kaya malzemesinin
dinamik mekanik ozelliklerin belirlenmesi
oldukca 6nem tagimaktadir. Sayisal gerilme
¢ozlimlemeleri yapilmadan 6nce, bu ¢alisma
kapsaminda oncelikle kaya malzemesinin
dinamik tek eksenli basing dayaniminin

kestirimi i¢in basit bir gorgiil esitlik
onerilmistir. Calismanin ilerleyen
kisimlarinda ise, ii¢c-boyutlu sonlu farklar
sayisal yontemi kullanilarak, patlatma
yiikiine maruz bir kaya kiitlesinin davranis
arastirilmugtir.

FLAC?® (sirim 2.1) (Itasca, 2003)
programi  kullanilarak  yapilan  dinamik
sayisal coziimlemelerde, asir1 karmagik

olmayan basit sayilabilecek bir patlatma
hasar analiziyle, silindirik bir patlatma
deliginin basarili bir sekilde sayisal olarak
modellenmesi amag¢lanmaktadir. Analizlerde,
farkli patlayict ve kayag tiirleri géz oniinde
bulundurulmustur. Bu teorik ¢aligmayla elde
edilen verilen 15181inda, bir patlatma deligi
cevresindeki hasar bolgesi c¢apt Onceden
kestirilebilecek ve oOzellikle asirt kazi gibi
olumsuz etkiler en aza indirilebilecektir.

2 YONTEMIN ANA HATLARI
2.1 Patlatma Basincin Hesaplanmasi

Bu caligmada, kaya kiitlesindeki genisleyen
gazlarin olusturdugu basing nedeniyle olugan
hasar g6z Onlinde bulundurulmamustir.
Bununla  birlikte, bazi1  arastirmacilar
tarafindan (Hao et al. 2002; Vanbrabant et al.
2002; Cho and Kaneko 2004; Jong et al.
2005; Lee et al. 2005; Ma and An 2008) elde
edilen sayisal ¢ozlimleme sonuclari, sadece
gerilme (sok) dalgasi kaynakli hasar
modellemelerinin kaya kiitlesinin patlatmaya
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karst olan tepkisinin tahmini i¢in kabul
edilebilir degerler verdigini gostermistir.
Silindirik bir deligin duvarma etkiyen
patlatma basincint  hesaplayabilmek igin
oncelikle infilak basinci Py’nin (detonation
pressure)  hesaplanmasi  gerckmektedir.
Infilak  basinct  reaksiyon  bélgesinin
ilerisindeki, sok bdlgesinde olusan basing
olarak tammlanmaktadir. Infilak basmcin
dogrudan  6lgmek  genellikle miimkiin
olamamaktadir. Cogu arastirmaci infilak
basincinin tahmini igin patlayicinin kimyasal
denge denklemleri ve arazi
uygulamalarindan  elde edilen  gorgiil
faktorleri igeren esitlikleri Onermislerdir.
Infilak basincimin hesaplanmasi igin, ideal
gazlarin durum denklemlerinden tiiretilmis
asagidaki basitlestirilmis esitlik kullanilabilir
(Fickett and Davis 1979);
P, = pe_vfzi (1)
1+y
burada, P, infilak basinci (Pa), V4 infilak hizi
(m/s), p. rahatsiz edilmemis patlayici
yogunlugu (kg/m’) ve y 6zgil 1s1 oramdir.
Ozgiil 1s1 orani, sabit basingtaki 1s1
kapasitesinin sabit hacimdeki 1s1 kapasitesine
oranidir. Kaya patlatma uygulamalarinda
yaygin olarak kullanilan patlayicilar igin,
Ozgiil 1s1 oram1 y=3 kabuliiyle, Esitlik 1 en
bilinen haliyle asagidaki sekli almaktadir
(Persson et al. 1993).

eV3
Py = P2t #))

Infilak basinct Py, deligin ilk hacmine
genisleyen gazlarin basinci olan patlama
basinct P, ile karigtirrlmamalidir. Patlama

basinct  sabit bir hacimde reaksiyon
tamamlandiktan sonraki reaksiyon
irlinlerinin basincina esittir. Bu basing

siklikla sabit hacim patlama basmci veya
basitce patlama basinct olarak tanimlanir.
Hustrulid (1999)’e gore patlatma deligini
tamamen kavramis (full coupled) bir

patlayict igin patlama basmct P, (Pa)
asagidaki gibi hesaplanabilir.
P, = 3)

2

Patlama basinct patlayict deligi duvarina
tamamen kavranmis delik basinci olarak da
adlandirilmaktadir. Esitlik 3 ile hesaplanan
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infilak basinci tamamen kavranmig patlayici
deligi i¢in gecerlidir. Kavrama etkisini de
hesaba katan delik basinci P,, Nie ve
Olsson’a gore (2000) asagidaki formiille
hesaplanmaktadir;

Py = Per?! “)

Burada r,, kavrama oram1 olup patlayic
(kartus) ¢ap1 d.’nin delik ¢ap1 dy’a oranidir. A
ise genisleyen gazlarin esdeger adyabatik
ustiidiir ve asagidaki esitlikle hesaplanir
(Fickett and Davis 1979);

A= /1+V§/Q (5)

burada, Q patlayicinin patlama 1sisidir
(kj/kg). Esitlik 5°de, A=1.5 (ortalama
adyabatik sabit) kabulii yapilarak bu esitlik
basit olarak agidaki sekli alir (Persson et al.
1993),

By = P, (&)’ ©)

ve sonug¢ olarak delik duvarma etki eden

delik basmct P, asagidaki esitlikle
hesaplanabilir.

_ (PeVd) ()

= (5) (%) o
Bu c¢aligmada  gergeklestirilen  sayisal

coziimlemelerde, yiiksek delik basinci elde
etmek icin yiiksek infilak hizli patlayici,
diisiik delik basinci elde etmek igin ise diisiik
infilak hizli patlayici se¢ilmistir. Bu amagla,
icin yiiksek infilak hizli patlayict igin
emiilsiyon tipi patlayici, diisiik infilak hizli
patlayict i¢in ise ANFO tipi patlayici
secilmigtir. Vanbrabant vd. (2002), 10 m
uzunlugundaki ANFO (teorik infilak hiz1 V4
=4000 m/s) ve Emiilsiyon (BLASTEX)
(teorik infilak hiz1 V4 =5500m/s) sarji igin
infilak hizi  olglimleri yapmistir. Bu
calismaya gore, ANFO ig¢in infilak hiz1 4052
m/s, emiilsiyon tipi patlayici i¢in infilak hizi
5582 m/s olarak belirlenmistir. Sayisal
analizlerde gerekli olan delik basinci, yeralti
patlatma uygulamalarinda yaygin olarak
kullanilan 38 mm c¢apindaki bir patlatma
deligi icin, patlayict maddenin patlatma
deligini tamamen doldurdugu var sayilarak
Esitlik 3 kullanilarak hesaplanmistir. Cizelge
I’de bu calisma igin secilen iki farkli

patlayict tiirii 6zellikleri ve hesaplanan delik
basincilart sunulmaktadir.

Cizelge 1. Coziimlemelerde kullanilan
patlayici 6zellikleri

Ozellik ANFO Emiilsiyon
Infilak Hiz1, (m/s) 4052 5582
Yogunluk, (kg/m®) 780 1250
Delik Basinci, (GPa) 1.6 4.9

Delik cidarma etki eden gercek dinamik
basing zamana bagli olarak degistiginden,
kaya patlatmasinin dinamik analizinin dogru
bir sekilde yapilabilmesi i¢in delik basincinin
zamana bagli degisiminin g6z Oniinde
bulundurulmas: gerekmektedir.

Bu calismada, 6zgiin olarak Starfield ve
Pugliese (1968) tarafindan Onerilen ve Jong
vd. (2005) tarafindan degistirilen sok dalgasi
fonksiyonu, kaya kiitlesine etkiyen dinamik
basincin zamana bagli davranisini benzetmek
icin kullanilmigtir. Bu fonksiyona gore
basing dalgasi agsagidaki gibi tanimlanir;

P, = 4R, (e P2 — & V2BY) (8)

burada, P; delik basincinin zaman baglh
degisimi (Pa), P, onceden de tanimlandig:
gibi delik basinct (burada maksimum basing
degerini ifade eder) (Pa), B sOniimleme
faktorii (1/s) ve t zamandir (s). Esitlik 8’in
zamana bagli tiirevi alinip sifira esitlenirse,
en yilksek basinca ulagma zamam yani
patlayicinin yiikselis siiresi asagidaki esitle
bulunabilir.

x/flr:3 (1/2) )
Soniimleme faktorii basing-zaman egrisinin
seklini belirleyen 6nemli bir degistirge olup

t. =

patlayicidan  patlayiciya  degismektedir.
Belirli bir patlayict igin bu faktdr yerinde
yapilan Ol¢timlerle belirlenmelidir.

Soniimleme faktorii patlayicinin en yiiksek
basinca ulasma zamanma zamani (t,, rise
time: ylikselis zamani1) bagl olarak agagidaki
esitlikle hesaplanabilir.

V2 In(1/2)
p=-2 (10)
Boylece  oOnceden  belirlenen  yiikselis
sirelerine  gore  sOniimleme  faktori
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hesaplanabilir. Bir¢ok arastirmacinin, en
yiiksek basinca erisme zamanint birkag
milisaniye olarak belirtmesine ragmen, ayni
zamanda en yiikksek basinca ulagma
zamaninin patlayict tipi ve patlayicinin
sinirlandirilmasina bagh olarak 20 ila 150
mikro saniye oldugunu gosteren delik
Olclimleri de vardir (Saharan et al. 20006).
Sayisal analizlerde, ideal ve ideal-olmayan
infilak  davranis1  gosterene  patlayici
maddeler i¢in 38 mm ¢apindaki bir patlatma
deliginde tipik sayilabilecek olan 25 ve 150
us yiikselis siiresi esas alinmigtir. Sekil 1°de
Esitlik 8 kullanilarak elde edilen tipik sok
dalgasi islevleri sunulmaktadir.

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

""""" P,=4.9 GPa ve t=25us
Py=1.6 GPa ve t=150pus

Delik Basinci (GPa)

0 0.2 0.4 0.6 0.8 1.0
Zaman (us)

Sekil 1. Coztimlemelerde kullanilan patlayict
sok dalgasi fonksiyonlar

2.2  Gerinim (Birim Deformasyon)
Oranimmin Dayanim Uzerindeki Etkileri

Gerinim orani veya birim deformasyon orani,
birim  deformasyondaki zamana bagh
degisimin orani1 olarak tanimlanir ve ¢
sembolii ile gosterilmektedir.  Gerinim
oraninin beton, kaya, seramik ve kompozit
malzemeler gibi  degisik  miihendislik
malzemelerinin iizerindeki etkisi birgok
aragtirmaci tarafindan calhisilmistir (Malvern
and Ross 1985; Bischoff and Perry 1991;
Zhao 2000; Grote et al. 2001; Fukui et al.
2004; Li et al. 2008; Zhou and Hao 2008).
Bu c¢aligmalarda gerinim orani arttik¢a
malzeme dayanimmin da artacagi goriisi
genel olarak kabul gormiistir. Kaya
mekanigi  uygulama alanlarinda  kaya
kiitlelerin maruz kaldig1 gerinim oranmi 107
1/s’den 10° 1/s’ye kadar ok genis bir
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aralikta degismektedir (Olsson 1991). Diigiik
gerinim oranlarinda, statik dayanimlar1 elde
etmek goreceli olarak daha kolayken, orta ve
yiiksek gerinim oranlarinda kaya
malzemesinin  gerilme-gerinim  iliskisinin
karakteristigini elde etmek icin farkli
yaklagimlar ~ gerekmektedir.  Erisilebilir
gerinim orani yiikkleme makinesi tipine gore
degismektedir. Pratik acidan miihendislik
uygulamalarinda karsilasilan gerinim
oranlari, dinamik oOzellikleri elde etmede
kullanilan yo6ntemlerle birlikte Sekil 2’de
gosterilmistir (Cai et al. 2007).

6 Gaz tabancas! "\
g dD‘:Zzi |Levha darbesi] Arazi patiatma testi] g
[ arbesi 15
] Hopkinson bar =
ES Gaz vurt 3
c vurusu q),.
S, [ Hidrolik pres (ézel 5
3 Hidrolik pres \O/
=
% 3 [ Infilak | N\
= Patlama ve Darby E
g |J /| £
< 3
2 Yapisal dinamik <
S [sinme| Statik yikleme g
x | £
€1 |
] 8
£ X
° Ve

0
1.E-081.E-071.E-06 1.6-051.6-041.E-03 1.E-021.E-011.E-00 1. E+011.E+021.E+031.E+041.E+05
Gerinim (birim deformasyon) orani (1/s)

Sekil 2. Dinamik problemlerin ve deney
yontemlerinin siniflandirilmas: (Cai et al.
2006)

Bir¢ok beton yapi; deprem, darbe ve patlama
gibi etkilerin denen oldugu yiiksek oranli
dinamik yiiklemeye maruz kalabilmektedir.
Bu nedenle, yapinin bu yiikler karsisindaki
tepkisini kestirebilmek igcin beton
malzemesinin dinamik kosullar altindaki
davraniginin  bilinmesi olduk¢a Onemlidir.

Gegmiste  betondaki  dinamik  basing
dayanimindaki artis ilk olarak Abrams
(1917)  tarafindan  gozlenmistir.  Bu

calismadan sonra beton, har¢, geomateryal
vb. gibi beton benzeri malzemelerin gerinim
orant duyarlt oldugu genis ¢apta kabul
edilmigtir (Malvern and Ross 1985; Bischoff
and Perry 1991; Tedesco and Ross 1998;
Donze et al. 1999; Grote et al. 2001; Li and
Meng 2003).

Son zamanlarda yeralti yapilarina karsi
ilgi giderek artmaktadir. Kaya igerisindeki
yapilarinin tasarimi ve analizi i¢in dinamik
karakteristikleri elde etmek ve farkli gerinim
oranlarinda kayanin dinamik o&zelliklerini
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anlamak olduk¢a Onemlidir. Bu nedenle
kayaglarin dayaniminin gerinim orani ile
birlikte artigt 6zellikle son yarim yiizyildir
bir¢ok arastirmalara konu olmustur.

Kaya ve beton dayaniminin gerinim
oranmna bagimlihigt birkag teori ile
aciklanabilir.  Bunlardan  birisi, radyal
gerilmenin  artmasiyla yanal gerilmenin
artmasin1  belirten  atalet  (durgunluk)
etkisidir. Bir digeri ise, gerinim orani artisi
nedeniyle mikro-hasarlarin (¢atlaklar, fisiirler
vb.) gecikmesi veya azalmasidir. Yiikleme
oraninin artmasiyla, kaya igerisindeki zayif
kusurlar veya hasarlar pargalanma siirecine

onemli bir katkida bulunacak firsati
bulamayabilir.

10° 1/s ve daha yiiksek gerinim oraninda
yapilan  c¢alismalar, dinamik  basing
dayaniminin yiiksek gerinim oranlarinda
Esitlik 11°de verildigi gibi belirlene-
bilecegini gdstermistir (Birkimer 1971;
Grady and Kipp 1979).
(Ce)ay=K (&) (1D

Burada, (o.i)4n kaya malzemesinin dinamik
tek eksenli basing dayanimi ve K malzeme
sabitidir.  Li’ye  (1994) gore kaya
malzemesinin dinamik tek ecksenli basing
dayanimi uygulanan gerinim oranina bagh
olarak asagidaki gibi hesaplanabilir;

(Oci)ayn=0ci £ (12)

burada, o, kaya malzemesinin statik tek
eksenli basmng dayanimdir. Dolayisiyla
Esitlik 12 kullanilarak  laboratuvar
deneylerinden elde edilen statik dayanim
verileri kullanilarak kayanin malzemesinin
dinamik dayanim verileri elde edilebilir (Li
etal. 2011).

Zhao vd. (1998, 1999b) tek eksenli basing
dayanimi ve gerinim orani arasindaki iliski

icin yari-logaritmik bir baginti
onermisleridir.
(Gci)dyn =A log(ac,d/ac,) + 0 (13)

burada, 6’4 ve 6’ sirasiyla dinamik ve statik
yikleme hiz1 olup o’; yaklastk 0.05
MPa/s’dir ve A malzeme sabiti olup granit
icin yaklagik 11.9 bulunmustur (Zhao et al.
1998, 1999b). Bu esitlik kirllgan kaya

malzemesi i¢in genel bir yaklagim
vermektedir. Bununla birlikte malzeme sabiti
olan A katsayist kaya tipine gore
degismektedir. Ornegin, Zhao vd. (2000)
¢imento harci icin A katsayisinit 4.9 olarak
rapor etmistir.

Li vd. (2005), statik tek cksenli basing
dayanimi 159 MPa olan granit Grnekleri
iizerinde Esitlik 11°de verilen bagintinin
yiiksek seviyedeki (10'-10* 1/s) gerinim
oranlarinda uygulanabilirligini arastirmis-
lardir. Bu arastirma sonucunda Li vd. (2005)
granit i¢in basing dayanimi-gerinim orani

arasindaki iligki icin asagidaki esitligi
Onermislerdir.
(Gei)ayn = 65 (8)"° (14)

Daha o©nce bu konu iizerinde yapilan
caligmalar  degerlendirildiginde,  diisiik
gerinim orani duyarligindan yiiksek gerinim
10°-10" 1/s

orani duyarliligina gegisin

gerinim orani arasinda olacagi sdylenebilir.
Bu calismada, diisik gerinim oram
duyarligindan  yliksek  gerinim  oram

duyarliligina gecisin 30 1/s gerinim orani
seviyesinde olacagi on goriilmektedir. Bu
gerinim orani degerine kadar olan yiikleme
hiz1 artislarinda, kaya malzemesinin basing
dayaniminda ancak %20’lik bir artis olacagi
tahmin edilmektedir. Bu gerinim oranin
seviyesinden sonra ise, kaya malzemesinin
dinamik basing dayaniminin diger
arastirmacilarin (Birkimer 1971; Grady and
Kipp 1979; Li 1994; Li et al. 2005) 6nerdigi
gibi gerinim oranmin 1/3’{incli  kuvveti
olarak artacagi kabul edilmistir. Bu literatiir
caligmas1 kapsaminda elde edilen bir diger
onemli bulgu da, Esitlik 11’deki K
katsayisinin kaya malzemesinin tek eksenli
basing dayanimmin % 40’1 olarak tahmin
edilebilecegidir. Bu ¢alismada sonu¢ olarak
kaya malzemesinin dinamik dayanimi ve
statik dayanimi arasindaki genellestirilmis
iliskinin asagidaki esitliklerde gosterildigi
gibi olacagi tahmin edilmektedir.

€<30 1/s igin

(0ci)ayn =0.0074 o (log €)+1 (15.2)
£€>30 1/s i¢in
(Geidayn = 0.4 G5 (8)'" (15.b)
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Sekil 3’de kayanin basing dayanimindaki
dinamik artig faktorii (dinamik dayanimin
statik dayanima olan orani) ve gerinim orani
arasindaki iligski i¢in bu c¢alismada onerilen
esitlikler kullanilarak elde edilen ve diger
arastirmacilarin Onermis olduklar1

0 - CEB S0 (1993, Begon
wo CER 130 19%3), Beton
Tedesca & Ross (1998, Harg
~Crpote et al. (2001 ), Harg
- b and Meng (2003, Hary
Lit19%d), Eawa

1z | ———Liesal (2003), Granit
Fhou and Hao (20057, Harg
10 g aliymada dnerilen

5] & Caietal (2007), Arjilit
Li et al (2003), Granit
#+ Loctal (Z00%), Siltap

# Fhao e al (19995) Grni

Dinamik dayamm / statik dayamm

8 Frew et al. (20010, Indivana Biregiag: Fi
Citearm-amed Micher (190R1 K megtag ]

yaklagimlarin bir karsilastirilmasi
sunulmaktadir. Bu sekilden de goriilebilecegi
gibi, Esitlik 3.15’in diger arastirmacilarin
sonuglariyla  karsilastirildiginda  uyumlu
sonuglar vermektedir.

] 1 100]

(EE] 1 DR

Cenmimoran: {1/5)

Sekil 3. Dinamik artig faktord igin bu calismada onerilen yaklasiminin diger ¢alismalarda

karsilastirilmasi

Bu ¢alisma kapsaminda iig-boyutlu dinamik
sayisal gerilme c¢oziimlemeleri kullanilarak
yapilan  analizlerde, kaya  kiitlesinin
dayaniminin Esitlik 15’¢ gore davranacagi
varsayllmistir. Bir patlatma deliginin yakin
cevresindeki kaya malzemesinde, infilak
aninda olusan gerinim oran1 10° ila 10° 1/s
arasinda degistiginden (Cai et al. 2007),
Esitlik 15 kullanilirken ortalama bir deger
olarak 10* gerinim orani degerinin segilmesi
uygun bulunmustur.

2.3 Kaya Kiitlesinin Dinamik Mekanik
Ozelliklerinin Belirlenmesi

Bu calismada dayanim agisindan iki farkh
kaya tipi secilmigtir. Bunlar, yilksek
dayanimh kaya igin granit ve nispeten daha
diisiik dayanimli kaya i¢in ise kumtasi cinsi
kayagladir. Bu tiirdeki kaya malzemeleri igin
tipik sayilabilecek statik mekanik 6zellikler
Cizelge 2’de sunulmaktadir.
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Bu calismada silindirik bir patlatma deligini
cevreleyen kaya kiitlesinin elasto-plastik
olarak davrandigi ve dayanimimin Mohr-
Coulomb yenilme 6l¢iitii ile tanimlandigi
varsayllmistir. ~ Mohr-Coulomb  yenilme
Olgiitiine gore yenilme (kirtlma) anindaki
asal gerilmeler arasindaki iligki,

__ 2cicosdi+oz(1+sind;)
1-sing;

(16)

seklinde verilmektedir (Jaeger and Cook
1969). Burada, o, ve o; sirasiyla, en biiyiik
ve en kiigiik asal etkin gerilmeler, c; kaya
malzemesinin kohezyonu ve ¢; ise kaya
malzemesinin igsel siirtlinme agisidir. Bu
esitlikte en kiiciik asal gerilme yerine 0
yazilirsa kaya malzemesinin tek eksenli
basing dayanimi veren asagidaki esitlik elde
edilebilir.

07

— 2c¢i-cosd; (17)

cl 1-sind;
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Cizelge 2. Calismalarda kullanilan kaya malzemelerinin tipik sayilabilecek statik mekanik

ozellikleri
Granit Kumtasi

Saglam kaya malzemesinin statik mekanik Bukit Timah Zonguldak
ozellikleri (Singapur) (Tiirkiye)

Zhao 1999 Gergek ve Miiftiioglu 1993
Tek eksenli basing dayanimi (c.;) (MPa) 186 98
Young (Deformasyon) Modiilii (E;) (GPa) 84 31
Poisson orant (v) 0.25 0.23
Yogunluk (p;) (kg/m®) 2610 2638
Dolayli gekme dayanimi (o) (MPa) -11.4 -7.9
Hoek-Brown dayanim parametresi, mi 15.3 11.1

Esitlik 16 ve 17’den yararlanilarak, dinamik
yiikler altindaki kaya malzemesi i¢cin Mohr-
Coulomb yenilme 6lgiiti,

1+sind;
(Gl)dyn = (Gci)dyn + %(Gs)dyn (13)

seklinde yazilabilir (Zhao 2000). Burada,
(61)ayn Ve (03)ayn sirastyla, en bilyiik ve en
dinamik asal gerilmeler ve (G.)eyn kaya
malzemesinin dinamik tek eksenli basing

deformasyon modiilii ve p; (g/cm’) ise kaya
malzemesinin yogunlugudur. Cizelge 3’de
Esitlik 15 ve 19 ile hesaplanan kaya
malzemesinin dinamik tek eksenli basing
dayanimi ve dinamik deformasyon modiilii
degerleri sunulmaktadir.

Cizelge 3. Kaya malzemesinin dinamik
mekanik 6zellikleri

dayanimidir. Zhao’ya (2000) goére kaya  Kaya malzemesinin Granit  Kumtas1
malzemesine ait ig¢sel sirtlinme agisi ve  dinamik mekanik 6zellikleri

Hoek-Brown yenilme o&lgiitii sabiti m; gibi  (o)aym (MPa) (Esitlik 15) 1600 843
degerleri yiikleme hizinin degisiminden  (Ej)4, (GPa) (Esitlik 19) 141 31
onemli derecede etkilenmemektedir. Bu .

nedenle, dinamik yiikleme kosullarmda kaya ~ Yapilan  sayisal — ¢dziimlemelere  kaya
malzemesinin yenilme olciitiintin  Kitlesinin dayanimm ve deformasyon

tanimlanmast i¢in mi ve (Gci)4yn degerlerinin
belirlenmesi yeterli olmaktadir.

Kaya malzemesinin dayanim &zelliklerinin
yani sira deformasyon 6zellikleri de dinamik
yiikleme kosullarinda degismektedir. Cok
farkli tiirde kaya malzemesi lizerinde yapilan
deneyler, dinamik deformasyon modiiliiniin
genellikle statik deformasyon modiiliinden
daha yiiksek degerlerde oldugunu
gostermistir (Bieniawski 1984; Eissa and
Kazi 1988). Eissa ve Kazi (1988), kaya
malzemesinin statik ve dinamik deformasyon
modiilii arasinda ¢esitli kayag tiirlerini igeren
76 adet veri kullanarak asagidaki gorgiil
esitligi dnermistir:

(E) ayn = (E;/10%02)1/077 /p, (19)

Burada; E; (GPa) ve (Ej)ayn (GPa) sirasiyla
kaya malzemesinin statik ve dinamik

degistirgelerinin tahmini i¢in ise, 1997
yilinda kaya kiitlesinde 6lgek etkisini dikkate
alan bir parametre olarak Hoek-Brown
yenilme Olgiitine gelistiriciler tarafindan
dahil edilen jeolojik dayanim indeksi
(GSI)’den yararlanilmistir. Bu ¢aligmada her
iki kaya cinsi i¢in de jeolojik dayanim
indeksi degeri 85 (yiizey kosullart ¢ok iyi
veya iyi durumda olan saglam ya da az
bloklu kaya kiitlesi) olarak secilmistir.
Buradaki amag, incelenen iki farkli tiirdeki
kaya malzemesi i¢in de kiitlesel 6zellikleri
benzestirmek ve  farkliliklari  elemine
etmektir. Cizelge 4’de say1sal
¢oziimlemelerde kullanilmak tizere, iki farkli
kaya kiitlesi tiiri icin GSI degerlerinden
yararlanilarak hesaplanan dinamik mekanik
ozellikler sunulmaktadir.
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Cizelge 4. GSI degeri 85 olan kaya kiitlesinin
dinamik mekanik 6zellikleri

Kaya kiitlesinin dinamik Granit Kumtas1
mekanik 6zellikleri

(Em)ayn (GPa) 106 29
(Gtm)dyn (MPa) -33.8 -24.5
(Cm)dyn (MPa) 173 90
(@m)ayn () 44 41

Cizelge 4’de verilen dinamik kaya kiitlesi
deformasyon modiilii (Euy)ayn, dinamik kaya
kiitlesi g¢ekme dayanimi (Gun)ayn, kaya
kiitlesinin dinamik kohezyonu (Cy)aym Ve
kaya kiitlesinin dinamik icsel siirtiinme agisi
(Pm)ayn  degerleri; kaya  malzemesinin
dinamik tek eksenli basing dayanimini
(Oci)ayn,» kaya  malzemesinin  dinamik
deformasyon modiili (Ej)ayn ve GSI
degerlerinden yararlanilarak, sirasiyla Hoek
ve Diederichs, 2006; Hoek ve Brown, 1988
ve Hoek et al., 2002’de Onerilen bagintilar
kullanilarak tahmin edilmistir. Ayritili bilgi
icin bu kaynaklardan yararlanilabilir. Bu
esitlikler arastirmacilar tarafindan 6zgiin
olarak statik durum i¢in verilmistir. Ancak
bu calismada, kaya malzemesinin dinamik
tek eksenli basing dayanimini (o.;)ayn Ve kaya
malzemesinin dinamik deformasyon modiilii
(Ei)ayn statik olanlarin yerine yazilarak
esitlikler dinamik durumlar i¢in adapte
edilmistir

Burada belirtilmesi gereken oOnemli bir
husus ise dayanim =zarfi dagilim araligi
olarak tanimlanan (G3max)ayn Nin hesaplanan
Mohr-Coulomb  degistirgeleri  {izerinde
dogrudan bir etkiye sahip oldugudur. Bu
calismada (3max)dyn degeri kaya
malzemesinin dinamik tek eksenli basing
dayanimin dortte biri olarak secilmistir. Bu
deger, dayanim zarfi dagilim araligmin
yaklagik olarak tek eksenli basing dayanimin
dortte birinden az oldugunda olusan kirilgan
yenilmeyle iliskili olarak ampirik gézlemlere
dayanan bir gerilme dagilim araligidir (Hoek
et al. 2002).
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24 Simir
Soniimleme

Kosullari ve  Dinamik

Derin yeralt1 agikliklarinin, normalde sonsuz
bir ortam tarafindan cevrelendigi
varsayilirken; yiizey ve yiizeye yakin yeraltt
yapilarinin, yar1 sonsuz bir ortamda oldugu
varsayillmaktadir. Statik ¢ozliimlemelerde,
sabit veya elastik sinirlar ilgili bélgeden belli
bir mesafede yer alabilirler. Bununla birlikte,
dinamik sayisal problemlerde bu tiir sinir
kosullari, disa dogru yayilan dalgalarin
modelin i¢ine yansimasina neden olmakta ve
gerekli enerjinin yayilimina izin
vermemektedir. Genis bir modelin kullanimi
bu  sorunu azaltabilmektedir.  Ciinki
malzemenin kendi sénliimlemesi, uzaktaki
sinirdan  yansiyan dalgalardaki enerjinin
cogunu absorbe etmektedir. Ancak, genis bir
modele ait ¢oziim, hesaplama islemini bir
hayli uzatmaktadir. Bu olumsuz etkilerden
sakinmak icin alternatif olarak viskoz
(absorbe eden) sinirlar kullanilabilir. Bu
calismada  yararlanilan FLAC’®  paket
programinda Lysmer ve Kuhlemeyer (1969)
tarafindan  gelistirilmis ~ viskoz =~ smir
kullanilmaktadir.

Soniimlemenin bir yapmm maksimum
tepkisini  kontrol  etmedeki  Oneminin
darbemsi bir yiikte, periyodik ve harmonik
yiklere olandan ¢ok daha az oldugu
bilinmektedir (Clough and Penzien 1975).
Darbemsi bir yiike olan maksimum tepkiye,
soniimleme kuvvetleri yapidan fazla enerji
absorbe etmeden Once, ¢ok kisa bir zamanda
ulagilacaktir. Bununla birlikte, eger plastik
malzeme davranisi g0z oniinde
bulunduruluyorsa, =~ Mohr-Coulomb  gibi
dogrusal bir yenilme olgiitii kullanildigt
zaman, malzeme 0zelligi olarak yapay bir
soniimleme gerekmemektedir. Ciinkii
dogrusal yenilme Ol¢iitiinin kendisi erken
yenilme veya plastik davranisina neden
olmaktadir. Bu etki nedeniyle yiiksek hizl

patlatma  tiiri  yiiklemelerde  yapay
soniimlemenin tepkisi onemsiz
sayilabilmektedir.
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3 PATLATMA KAYNAKLI HASAR
BOLGELERININ HESAPLANMASI

Kaya kiitlesi icerisinde silindirik bir patlayici
sarjinin  infilakiyla Dbirlikte olusan hasar
bolgesinin yarigapr bilimsel amagli yapilan
patlatma tasarimlarinda gerekli olan en
onemli parametrelerden birisidir. Patlayic
sarjin1 ¢evreleyen kaya kiitlesinde olusan
pargalanma siireci Oyle karmagiktir ki kesin
bir matematiksel agiklamasi heniiz miimkiin
degildir. Patlatma deligi ¢evresinde, patlayici
maddenin  glici ve kaya kiitlesinin
dayanimina bagl olarak farkl biiyiikliiklerde
ufalanma (kirilma) bdlgesi, catlak bdlgesi ve
sismik bolge olarak adlandirilan bolgeler
olugmaktadir (Sek. 4).

Patlatma boslugu

Ufalanma boélgesi

Sismik bolge

- /

Sekil 4. Patlatma sonrasinda delik civarinda
olusan kirilma bolgeleri

Patlatma deligi ¢evresinde olusan ufalanma
bolgesinin boyutunun tahmini i¢in literatiirde
bazi yaklagimlar onerilmistir. Ufalanma
bolgesinin bityiikliigiiniin kestirimine yonelik
yaklasimlardan ilki II’yushin tarafindan 1971
tarafindan Onerilmistir. II’yushin (1971),
ufalama  bolgesindeki  kaya  davranigi
izotropik,  sikistirilamaz, tanecikli = ve
kohezyonlu  bir ortam  modeli ile
tanimlamistir. Bu modele gore ufalanma
bolgesinin yarigap, r. (mm) asagidaki
esitlikle verilmektedir.

p 1/22

Te=To (—(L‘/¢)+[ac+(cb/¢)]L2¢/(“¢)) VI (23.a)
E/(1+v)

T o [1+inc. /o] (23'b)

Burada, ry patlatma deliginin yarigap: (mm),
P, delik basinci (Pa) (bkz. Esitlik 7), A
patlayicinin adyabatik genisleme sabiti (bkz.
Esitlik 5), ¢ kaya malzemesinin kohezyonu
(Pa), ¢ kaya malzemesinin igsel siirtiinme

agist (°), o, kaya malzemesinin tek eksenli
basing dayanimi (Pa), o, kaya malzemesinin
¢ekme dayanimi (Pa), E kaya malzemesinin
deformasyon modili (Pa) ve v kaya
malzemesinin Poisson oranidir.

Szuladzinski (1993) bir patlatma deligi
cevresindeki ufalanma bdlgesini  gecici
(transient) dinamik ¢oziimleme kullanarak
modellemistir.  Bu  yaklagimda, kaya
parcalanabilen ve pargalanma dayanimina
sahip elastik bir ortam olarak modellenmistir.

Bu modele gore ufalanma bolgesinin
yarigapl, r. (mm) asagidaki esitlikle
verilmektedir.

_ ’ 21§ peQe f
Te = (Uc)dyn (24)

Burada, 1, patlatma deliginin yarigapt mm, p,
patlayic1 maddenin yogunlugu (g/mm®) Qg
patlayict maddenin efektif enerjisi (Nmm/g)
(tamamlanmis reaksiyonun 1sismnin  2/3’i
olarak kabul edilebilir) ve (oc)ayn kaya
malzemesinin dinamik tek eksenli basing
dayanimidir (MPa).

Xu ve Lui (1995) elastisite teorisindeki
kalin duvarl silindir problemini kullanarak,
catlak bolgesi yarigapmin tahmini igin bir
model Onermislerdir. Bu modelde, catlak
bolgesinin yarigapi; delik capi, patlayicinin
delik basmci ve kaya malzemesinin ¢ekme
dayaniminin bir islevidir (Lui vd. 2009).
Catlak bolgesinin yarigapmin tahmini igin
oOnerilen baginti;

Ter = Tow Py /o (25)
seklindedir. Burada r, (mm) catlak

bolgesinin yarigapi, Py, delik basinci (Pa), o;
kaya malzemesinin ¢ekme dayanimi (Pa) ve
1o delik ¢capidir (mm).

Djordjevic  (1999), Griffith yenilme
Ol¢iitine dayanan bir model 6nermistir. Bu
modelde ufalanma bolgesinin yarigapt 1.
(mm),

= 26
e = TZaor, (26)
bagintist ile verilmektedir. Burada, 1
patlatma deliginin yarigapt (mm), o, kaya
malzemesinin ¢ekme dayanimi (Pa) ve Py, ise
delik basincidir (Pa).
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Kanchibotla vd. (1999), ufalanma bolgesinin
yarigapini basit olarak, delik ¢apinin, infilak
basmcinin ve kaya malzemesinin tek eksenli
basing dayaniminin  bir islevi olarak
tahminine yonelik bir model 6nermislerdir.
Bu modelde ufalanma bdlgesinin yarigapi r.
(mm),

Te = Tov/ Py/oci (27)

seklinde verilmektedir. Burada r, patlatma
deliginin yaricapt (mm), Py infilak basinci
(Pa) ve o, kaya malzemesinin tek eksenli
basing dayanimidir (Pa).

Hustrulid  (1999), patlatma  hasar
bolgesinin (Ry) pratik olarak tahmini i¢in bir
model Onermistir. Bu pratik hasar bolgesi,
ufalanma ve catlak bolgelerinin her ikisini de
kapsamaktadir. Bu yaklasima gore hasar
yarigapt patlayict etki yarigapina esittir.
Hustrulid’e (1999) gore, patlatma hasar
bolgesinin yarigapinin Ry (m) asagidaki gibi

verilebilir,
Pe SaNFo |2.65 28)
PANFO Pr

Rd = 257'0

Burada r patlatma deliginin yarigap1 (m), p.
patlayict maddenin yogunlugu (g/cm’), p;
kaya malzemesinin yogunlugu (g/cm’), panro
ANFO yogunlugu (g/cm’) ve Sanro patlayic
maddenin ANFO’ya gore kuvvetidir.

Esen vd. (2003), ufalanma yarigapini
dogrudan olgmeye olanak saglayan model
Olcekli deneysel patlatma c¢aligsmalarina
dayal1 bir yaklasim 6nermislerdir. Esen vd.’e
(2003) gore, ufalanma bdlgesi yarigapi r,
(mm), patlatma deligi yaricapt r, (mm),
ideal-olmayan  infilak  teorisine  gore
hesaplanan delik basinci P, (Pa), kaya
malzemesinin tek eksenli basing dayanimi o,
(Pa) ve kaya katilig1 K (Pa) arasinda bir iligki
vardir. Ufalanma bolgesindeki kaya katilig
homojen ve izotropik olarak kabul edilerek
asagidaki bagmtiyla verilmektedir;

Edyn
K = —m
(1+Udyn)
burada Eg, ve wvgy strasiyla dinamik
deformasyon modiilii ve Poisson oranidir.
Ufalanma bolgesi yaricapimi kestirmek igin
oOnerilen bagint1 ise asagidaki gibidir;

(29)

Py
K o2

1, = 0.8121,CZI1°?1,CZI =

(30)

70

4 SAYISAL ANALIZLER

Son zamanlarda yapilan ¢aligmalar, sonlu bir
silindirik sarjin infilaki ile olusan gerilme
dalgasinin olduk¢a karmasik ve kiiresel bir
sarjin olusturdugu gerilme dalgasindan farkli
oldugunu goéstermistir (Blair and Minchinton
1997). Bu duruma neden olarak, infilakin
cok yiiksek hizina ragmen, infilak hizinin
kaya igerisinde yayilan dalga hizlariyla ayni
biiyiikte olmasi gosterilebilir. Bu nedenle, bir
patlayict maddenin infilaki ani veya darbesel
bir etki olarak diisiiniilemez. Yapilan iic-
boyutlu dinamik ¢dziimlemelerde, silindirik
bir deligin igerisine yerlestirilmis olan
patlayicinin infilak hizi da ayrica dikkate
alimarak, sok dalgasmin zaman kaydinin
silindirik deligin uzun ekseni boyunca infilak
hizinda hareket etmesi saglanmistir (Sek. 5).

Periyod, T (s)

Py

Basing

P, = 4P, (e PIVZ — e=V2BY)

q<
O
<
b
2

Hei
<

13
<
<
<
pa
pa)

Zamai

t = —V2-In(1/2)/B

Sekil 5. Delik cidarmma infilak hizinda
uygulanan basing-zaman kaydi

Sekil 6’da dinamik ¢oziimlemede kullanilan
iic-boyutlu model geometrisi ve viskoz sinir
uygulanan bolgeler gosterilmektedir. Tipik
bir yeralti patlatmasi kosullarmi g¢alismak
icin ii¢c-boyutlu modelin sadece delik agilan
yiizeyi serbest yiizey olarak tanimlanmistir.
Ug-boyutlu sonlu farklar ag1 igin 4x4x2 m
boyutlarinda  bir  dikdortgen  prizmasi
hazirlanmistir. Model boyutlarinin bu sekilde
secilmesinde dinamik ¢oziimleme zorluklari
ve program kisitlamalar1 etkili olmustur.
Hazirlanan model 393600 bolge (zone) ve
400221 digim noktasina (grid point)
sahiptir. Bu yogunlukta bir sonlu farklar
aginin dinamik ¢6ziimii olduk¢a uzun zaman
gerektirmekte ve yapilacak degistirgesel bir
calismayr oldukca zorlagtirmaktadir. Bu
nedenlerden ve patlatma deliginin uzun
ekseni boyunca yapilacak c¢oziimlemenin
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delik g¢evresinde elde edilecek radyal
yenilme bolgelerini etkilemeyecegi
gerceginden dolayi, tamamen pratik amaglar
dogrultusunda model boyutlari gergek arin
atimlar1 kadar derin olarak sec¢ilmemistir.
Patlatma deligi igin yeralti patlatmalarinda
siklikla kullanilan 38 mm c¢apinda bir
patlatma deligi segilerek delik uzunlugu 0.6
metre olarak belirlenmistir. Delik
uzunlugunun icte birlik kismi sikilama
boslugu olarak birakilmis ve infilak delik
dibinden baglayacak sekilde 0.4 m’lik bir
patlayici sarji modeli olusturulmustur.
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Sekil 6. Coziimlemelerde kullanilan -
boyutlu model geometrisi ve sinir kosullari

Ug-boyutlu sayisal gerilme
¢oziimlemelerinin ~ sonucunda,  patlayict
maddenin infilaki sonrasinda patlatma deligi
cevresinde olusan kesme ve ¢ekme yenilmesi
bolgelerinin  gosterilmesindeki  izlenilen
yaklagim Sekil 7°de sunulmaktadir. Patlatma
deliginin uzun ekseni boyunca (y-ekseni)
eksenel simetri olmasindan dolayi, delik
igerisinde elde edilen {i¢-boyutlu sonuglarin
sadece patlatma deligi merkezinden gegen x-
diizlemi iizerinde (y-z diizlemi) verilmesi
yeterli olmaktadir. Bununla birlikte, kesme
ve ¢cekme yenilmesi bolgelerinin daha kolay

kiyaslanabilmesi  ve  gorsel  kolaylik
acgisindan, ek olarak patlayici sarjinin orta
noktasindan gecen y-diizlemi iizerindeki bir
kesit diizleminde elde edilen yenilme
bdlgelerinin sunulmasi uygun bulunmustur.

Sekil 8’de goz onlinden bulundurulan iki
farkli patlayici tipi igin, granit ve kumtasi
cinsindeki  kayaglar iizerinden yapilan
¢Oziimlemeler sonucunda elde edilen
yenilme bdlgelerinin infilak baglangicindan
100, 300 ve 500 ps sonraki durumlari
sunulmaktadir.  Coziimlemelerde, infilak
baslangicindan 500 ps sonra bir yenilme
artist gozlenmemistir. Bu nedenden dolayi,
¢oziimlemelere 500 ps’den sonra devam
ettirilmemistir.
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Sekil 7. Sonuglarin sunulmasinda izlenilen
yaklagim
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Sekil 8. Sayisal ¢oziimlemeler sonucunda
elde edilen sonuglar
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Daha o6nce Bolim 3’de verilen patlatma
deligi cevresinde olusan hasar bdlgelerinin

hesaplanmasina yonelik bagintilarla
hesaplanan ufalanma ve g¢atlak bolgesi
biiyiikliiklerinin, dinamik sayisal
¢oziimlemelerle elde edilen degerlerle

kargilastirilmasi ise Sekil 9°da verilmektedir.
Burada gosterilen hasar bolgesi Hustrulid ve
Johson’nin (2008) 6nerdigi gibi ufalanma ve
catlak bolgesin orta noktast olarak kabul
edilmistir.
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=
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Sekil 9. Sayisal ¢oziimlemelerle elde edilen
sonuclarin kargilastiriimasi

5 SONUCLAR

Sekil 9°da sunulan sonuglar degerlendirildigi
zaman, Ozellikle hasar bolgesi gbz Oniinde
bulundurulursa, sayisal ¢éziimlemelerde elde
edilen sonuglarin patlatma kaynakli hasar
bolgesinin  tahmininde kabul edilebilir
sonuclar verdigi soylenebilir. Bu ¢aligmada
elde edilen bir diger sonug¢ ise yiiksek
gerinim oranlarindaki (€>30 1/s) yiiklemelere
maruz kaya malzemesinin dinamik basin
dayaniminin tahmini i¢in (Gci)dyn:0~4cci(é)l/

seklinde Onerilen bagntinin
kullanilabilecegidir.

Ozellikle diisiik dayanimli kayada yapilan
analizlere bakildiginda, emiilsiyon tipi

patlayicinin  ¢ok daha biiyiikk ufalanma
bolgesi olusturmasma ragmen olusturdugu
catlaklarin smirli bir biiyiiklikte kaldigi
goriilmektedir. Bagka bir degisle, bu tiir zay1f
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Sekil 9’dan da goriilebilecegi gibi, bu
calismada sayisal c¢oziimlerle elde edilen
ufalanma ve catlak bolgesi biyiiklikleri
gorgiil bagintilarla elde edilenlerden daha
biiyiiktiir. Bu duruma neden olarak, sayisal
coziimlemelerde mekanik 6zellik olarak kaya
malzemesi yerine kaya kiitlesi ozelliklerin
kullanilmas1 gosterilebilir.

& yushin (15711 (ufalanma bpes)
manadrinski | 1993) (ufalanma bilzesi)

o Dyoadgevic | 1999 (ufalonma halgesi)

o)
Foamchiboth vid, (1999 (ulalannin bilgesi) |
.6 Muve L (1995) (gatlnk biflpesi)
+Hustmilid { 1999) (hasar bdlges)
L]
- Esen wil (2002 ufalamma bHpesi)
Y ) \
® Sayisal Anadizler (ufulmzin balgesi)
.4
™ oSayisal Analiler {hasar bislzesi)
Emillsiyon @%ayizal Analirler (cadlak bolpesi)
Kumtas:

sonuglarm gorgiil yaklasimlarla elde edilen

kayaglarda ANFO tiirii patlayic1 daha fazla
catlak bolgesi olusturmakta ve boylece daha
iyi bir parcalanma saglamaktadir. Ozetlemek
gerekirse, saglam kayacta emiilsiyon tipi
patlayict daha iyi kaya pargalama saglarken
nispeten diisik dayanimli kayada diigiik
yogunluklu bir patlayict olan ANFO’nun
daha iyl  bir parcalama  sagladigi
goriilmektedir. Bu olgu pratikte ¢aligmalarla
uyumluluk gostermektedir.

Bu calismada gergeklestirilen {ig-boyutlu
dinamik ¢oziimlemeler ve bu
¢ozlimlemelerin sonuglariyla ilgili
kargilastirmalar ~ degerlendirildiginde, bu
calismada  Onerilen  sayisal = yOntem
kullanilarak bir patlatma deliginin dinamik
¢Oziimlemesinin  basaritli  bir  sekilde
modellenebilecegi sdylenebilir. Ek olarak, bu
teorik  ¢aligmanin  ileride pratik bazi
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deneylerle desteklenerek daha iyi sonuglar
elde edilebilecegi sdylenebilir.

Sonug olarak bdyle bir sayisal ¢oziimlemeyle
elde edilen veriler 151831nda, patlayici-kayac
etkilesimleri incelenerek arazi kosullarina
uygun patlatma sablonlar1 hazirlanarak asirt
kaz1 miktar1 gibi ¢evre kayaca verilebilecek
zararlarin en aza indirilebilecegi sdylenebilir.
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Bilgisayar Destekli 3 Boyutlu Acik Ocak Tasarimlarinin

Degerlendirilmesi
Computer-Aided 3D Designs on Open Pit Mining

M.Yurdakul
NETCAD Ulusal Cad ve GIS Céziimleri A.S., Cyberpark, Bilkent,Ankara

OZET Madenleri ¢agdas madencilik bilim ve teknolojisine uygun bir sekilde iiretmek
gerekir. Bu ise gergekei bir liretim modellemesi ve tasarimi gergeklestiren yazilimlarla
miimkiindiir. Bu ¢alismada degerlendirilecek kisim, bilgisayar destekli olarak 3 boyutlu agik
ocak tasarimlarinin yapilmasi, hizli bir sekilde yetkin tasarimlarin sahaya adapte edilmesi,
farkli ocak tasarimlari arasinda sonuglarin degerlendirilmesidir.

Yazilim ile iiretilen ocak ve pasa harman tasarimlarmin gerek kullanici tamimli, gerek
otomatik olarak olugsmasi saglanmaktadir. Bdylece pek ¢ok ocak alternatifini hizli bir sekilde
degerlendirmek miimkiin olmaktadir. Diizgiin bir tasarim ve planlama ile yapilmayan tiretim
sonucu kaynaklar kullanilamaz hale gelmektedir

Tiirkiye’de madencilik endiistrisinin biliyiimesine paralel olarak kaynaklarin daha bilimsel
ve rasyonel bir sekilde kullanilmasina duyulan gereksinim artmaktadir. Ulke madenlerimizin
etkin ve verimli kullanilmasi agisindan bu tekniklerin kullanilmasi bir zorunluluktur.

ABSTRACT Mines should be produced in accordance with the modern mining science and
technology. It is possible by using software which produces realistic production model and
design. In this study, creation of the computer-aided 3 dimensional open pit designs, adapting
them into real field and evaluating the results by using different designs will be analyzed.

Pit and blend design are being generated manually or automatically by using the software.
Thus, it is possible to evaluate alternative pit designs in a short time. Productions without
proper design and planning are emerging useless sources.

In Turkey, the need of scientific and rational use of the sources is increasing in parallel
with the growth of mining industry. These techniques are necessity to use the national mining
resources effectively and efficiently.

1 GIRIS

Ulkemizde maden kaynaklarimin ¢agdas
madencilik, bilim ve teknolojisine uygun
olarak ftretilmesi maden fiyatlarina bagl
olarak oldukga Onem kazanmustir.
Madencilik endiistrisinin biiylimesine paralel
olarak kaynaklarin daha bilimsel ve rasyonel
bir  sekilde  kullanilmasina  duyulan

gereksinim  artmaktadir. ~ Madenlerimiz
verimli ~ bir  gsekilde  tretildiklerinde
ekonomiye c¢ok ciddi katki yapma

potansiyeline sahiptir.

Ozel sektor firmalar1 ve kamu kurumlar
tarafindan bilgisayar destekli cevher yatagi
modellemesi ve maden tasarimlari da daha
yaygin bir sekilde yapilmaya baslamistir.
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Maden sahalarmin  dretime yonelik
bilgisayar destekli olarak otomasyonunu;
modellemeler ve tasarimlar olarak iki agidan
degerlendirebiliriz. Modelleme basligi daha
¢ok cevherin, faym, damar yapilarinin, ara
kesmelerin veya jeolojinin modellenmesi
olarak ele alinabilir. Tasarimlar basligi
altinda ise galeri tasarimlari, agik ocak
tasarimlar1 gibi isletmeyi optimum sekilde
planlamay1 hedefleyen tasarim siirecleri
olusturmaktadir.

Modelleme islemlerinin saglikli olmasi
ilerleyen siireclerin dogrulugunu ve yapilan

calismalarin gelecegini dogrudan
etkilemektedir.
Maden iiretiminin yonetilmesinde,

Ozellikle karar destek siireclerinde bilgisayar
destekli tasarimlar daha giivenilir ve hizli
sonugclar verirler.

Acik ocak faaliyetlerinin bir pargast olan
rampalar, yol tasarimlar1 ile yer alt1
madenciligi ile ilgili galeri tasarimlar1 ve bu
konudaki  havalandirma  hesab1  gibi
parametrelerin elde edilmesinin de bilgisayar
destekli tasarimlarinda Onemi oldukca
fazladir.

Bu c¢alismada, Tungbilek linyit sahasi
igerisindeki agik ocak ¢aligmalart esnasinda
olusan yeni topografya, basamak ve sevler
lizerinde yapilan tasarimlarin bilgisayar
destekli olarak 3 boyutlu olusturulmasi
degerlendirilmektedir. Bu ¢alismada agik
ocak tasarimlari NETPRO/Mine madencilik
otomasyon ve tasarim yazilimi ile
gergeklestirilmistir.

2 SAHANIN MODELLENMESI

Acik  ocak projelerinde modelleme
sonrasinda  tesisin  tendr ve  miktar
beklentileri iizerine ocak tasarimi yapilmast
iiretimin stirekliligi ve karliligini arttirir.

Linyit rezervlerinin ekonomik ve teknik
degerlendirmesinde O6nemli bir problem
linyit kalitesi-rezerv egrilerinin kestirimi ve
bu  kestirimlere  iliskin  belirsizligin
degerlendirilmesidir (A.E. Tercan, E. Akcan,
2005).
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NETPRO/Mine yazilim ile verimligi
artirmak, zaman tasarrufu saglamak, daha
hizli ve dogru bir sekilde maden {iretim
verilerine uygun tasarimlar gerceklestirmek
hedeflenmektedir. Kullanicilar bu amaca
yonelik  kullanabilecekleri 6zel yazilim
araglarina ihtiyag duymaktadirlar.
Madencilik ile ilgili modelleme ve tasarim
islemlerini biitiinlesik yapida
gerceklestirmeyi saglayan ileri diizeyde
profesyonel ve ayn1 zamanda kullanici dostu
yazilimsal araglara ihtiya¢ vardir.

Benzetim gergegin bir modeli olup
jeoistatistiksel benzetim, mevcut verilerin
belirli 06zelliklerini yeniden elde edecek
sekilde degerler iiretmeyi amaclar. Eger
benzetim degerleri mevcut veriler gibi ayni
histogram ve ayni variograma sahipse
benzetim yontemi kosulsuz, bunlara ek
olarak mevcut veri noktalarindaki degerlerle
ayni ise kosullu benzetim adini alir (A.E.
Tercan, M.A. Hindistan, B. Unver, 2012).

Sondaj datalarina ek olarak yiizeyden
alinan mostra 6rnekleri ve okumalari, tabaka
egim ve dogrultulari, faylar, yeralt1 galeri
calismalar, jeofiziksel ¢aligmalar  ve
arastirma c¢ukurlart da modelleme siirecine
bilgi saglayarak dogru modellemenin
yapilmasina olanak saglarlar. Dogru bir
modellemenin gerceklestirilmesi bilgilerin
birbirini destekleyecek sekilde kullanilarak
glizel bir kompozisyonda sunulmasi ile
miimkiin olabilir.

Calismada konu olan saha Kiitahya ilinin
Domanig¢ ilge sinirlarinda, Tungbilek ’in
kuzeyinde bulunmaktadir. Sekil 1° de linyit
liretiminin devam ettigi inceleme alaninin
yer bulduru haritas1 verilmektedir.
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Sekil 1. Caligsma alaninin yer bulduru haritasi

Bolgenin jeolojisinden ¢ok kisa bahsetmek
gerekirse, Domani¢, Tavsanli, Kiitahya ve
Gediz volkanik ve sedimanter Tersiyer
cokelleri genis bir yayilim ile yash birimler
iizerinde uyumsuz olarak gelmektedir.
Bolgenin giineyinde Tavsanli — Tungbilek
arast Eosen yaghh kiregtaglari, bolgenin
genelinde ge¢ miyosen volkaniklerine
rastlanmaktadir(Pekmezciler, S,1955).

Bolgeye ait  veriler  kullanilarak
NETPRO/Mine programinda veri taban
olusturulmustur. Bu veri tabanlar {izerinde
modelleme siireclerini en fazla etkileyen
siire¢ kompozitleme islemdir.
Kompozitlemenin dogru bir sekilde sahayi
temsil eder sekilde yapilmasi ilk basta saha
iizerinde bir 0Ongorii olusmasina olanak
saglamaktadir. Kompozitleme islemi
sonrasinda  sacilma  diyagramlar1 = ve
histogramlar1 olugsmaktadir (Sekil 2-3). Bu
grafikler saha i¢in On degerlendirmenin
temelini olustururlar.

Linyit kalite degiskenleri olarak 1s1l deger,
kil ve kiikiirt igerigi dikkate alinmustir.
Benzetim yontemi olarak ardistk normal
benzetim (sequential Gaussian simulation)
yontemi  kullanilmigtir.  Modellemeden
sonraki boliimiinde tasarim kismu ile ilgili
detaylara agirlik verilmistir.

A

Sekil 2. Linyit komiirli numunelerine ait
ornek histogram grafigi

angimliagrami

Sekil 3. Linyit kOomiirii numunelerine ait
ornek sacilma diyagrami
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NETPRO/Mine programi yardimi ile sahanin
dijital yilikseklik modeli, sondaj veri tabani

ile birlestirilmistir. Blok model
olusturulmadan once sondaj verilerinin
kompozitlenmesi gerceklestirilmistir.

Boylelikle linyit komiiriinden alinan numune

boylar1  esitlenmis ve aym agirlikh
ortalamaya getirilerek jeoistatistikte
kullanilabilir hale gelmesi saglanmistir.

Kompozitleme isleminde kompozit araligi
ortalama karot boyundan yiiksek alinarak
kompozitleme yapilmistir.

Maden sahasini modellemek igin 6ncelikle
kat1 model olusturulmus ve yatak bloklara
ayrilmigtir. Bloklama ayrima isleminden
sonra bloklara cevherin dagilimi en 1iyi
sekilde gosterecek kestirim yontemi ile
deger atilmasi en Onemli kisimdir. Uygun
jeoistatistik yontemi kullanicinin da saha ve
jeoistatistik deneyimi ile dogru orantili
olarak sahanin gercek¢i modellenmesini
saglayacaktir.

Saha da gergeklestirilen blok model
olusturma ve kestirim iglemleri sonrasinda
sahada modelleme ile ilgili ilk goriintiiler
olugmaktadir (Sekil 4).

3 ACIK OCAK TASARIMI

Acik ocak Madenciliginde ocak tasarimi,
ocak i¢i ve maden i¢i baglanti yollarinin
tasarimi olarak ele alinan siiregte tasarim
basligi onemlidir. Tasarim isleri
modellemeden farkli deneyim ve uzmanlik
gerektirse de modellemenin sonug {irlini
tasarimin girdi verileri olmaktadir.

Her bir sahanin kendine has 6zelliklerine
gore tasarim kriterleri belirlenmektedir. Agik
ocak maden planlari madenin cinsine,
konumuna ve g¢evre kayacin dayanimi gibi
birbirinden farkli birbiri ile iliskili kriterlere
gore tasarlanmaktadir. Pek ¢ok kritere gore
genel anlamada bir maden ocag1 tasarimi ve
nihai gOriiniimiinii elde etmek
hedeflenmektedir (Sekil 5a ve 5b).

Komiir tavan ve taban kotlar1 incelenmis
ve koOmiire ait taban yiizeyi ters uzaklik
kestirimi ile elde edilerek ocak tabani olarak
bu yilizey tasarimda esas alinmistir. Komiir
taban1 ile topografya arasinda tasarima
uygun olarak ortii kalinlig elde edilmistir.
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Sekil 4. Sahanin mevcut topografik durumu
blok model ile birlikte gdsterimi
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Sekil 5a. Maden ocagi tasarimi ve nihai
gorintimi
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Sekil 5b. Maden ocagi tasarimi ve nihai
gorinimii
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Acik ocaklarda sevlerin ve basamaklarin
tasarimi ocak tabanindan ocak ta¢ kismina
dogru gerceklesebilecegi gibi ayni zamanda
iist sevlerden baglayarak tabana dogru da
gerceklestirilebilmektedir. Basamak tasarimi
ve ocak sekli, komiiriin sekli, kalinligr ve
ortii kalinligina bagl olarak degisir.

Tasarimin yoniine karar veren ocak ig¢in
sinirlayict alanlarin olmasidir. Eger ocak
tasariminda cevresel faktorler, izin alanlar
ve buna benzer yiizeysel alan kisitlamalari
oldugunda tasarimda cevhere gore ocak
tasarimi1 yapmak miimkiin olmamaktadir. Bu
durumlarda topografya tizerinde kisitlamalar
sonrasinda olusan sinirlarda tasarim yapilir.
Smira gore topografya iizerinden tabana
dogru ocak tasarlanmaktadir. Bu sekilde
tasarlanmis ocaklarda elde edilen ocak taban
sinir  ¢izgisi cevher tabanina gore de
giincellenerek ocak yeni ocak tabanina gore
tekrar tasarlanabilir. Ocak tasariminda
kullanilacak genel sev agisinin belirlenmesi,
basamak agilar ve basamak yiikseklikleri ile
ocak smir alanlarina gbre tasarim
gerceklesmistir. (Sekil 6)
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Ortii kazi oran1 parametresi hesaplamasi
yapilarak en uygun oram yakalamak
hedeflenmektedir. Program ocak tasariminda
kisitlama olmadan birden ¢ok ocagm aymi
anda degerlendirilmesine olanak
saglamaktadir.

Hesaplama kriterlerinin belirlenmesinde
genel sev agisi veya basamak genislikleri
sabit alinarak hesaplamalar yapilmaktadir.
Uygun oldugu tespit edilen sinira gore elde
edilen acik ocak iginin hacmini hesaplamak
icin, hesaplama yapilacak kotlar arasini
raporlayarak sonu¢ hacimleri vermektedir.
Ay zamanda gorsel olarak da olusan agik
ocak mevcut topografya ile birleserek nihai
son durumu olusturabiliriz (Sekil 7).

Sekil 6. Ocak tasarim kriterlerine gére ocak
sinirlarinin belirlenmesi
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Sekil 7. Nihai ocak tasarimi

4 SONUCLAR
Bilgisayar destekli modelleme ile tasarim
arasindaki iliskinin dogru kurulmasi ile
optimum bir ocak tasarimimi gergeklestirmek
miimkiin olabilir.

Tasarimlarin elle yapilmasindan ¢ok daha
hizli gergeklestirmek miimkiin olmaktadir.
Boylece farkli ocak alternatiflerini de
planlama ve i¢lerinde en uygununu se¢gme
acisindan da kolaylik saglamaktadir. 3
boyutlu olarak ocaklari degerlendirmek ve
proje ¢iktilar1 almak; tasarim hatalarini
minimize etmekte, koordinat ile ilgili hata
yapilmasini  engellemekte ve kullanim
acisindan hiz ve performans saglamaktadir.

Kullanicilarin - yogun ve dogru veri
girmesi caligmalarin giivenilirligini
arttirmakta ve kullanicilarina degerlendirme
asamalarinda karar destek imkan1
sunmaktadir

Madencilik yazilimlar1 ile agik ocak
tasarimlar1  yaparken verimligi artirmak,
zaman tasarrufu saglamak, daha hizli ve
dogru bir sekilde maden iiretim verilerini
yonetmek hedeflenmektedir.

Modellemede yapilan saha i¢in tiim cevherin
iretimine yonelik nihai ocagin tasarlanmasi
bilgisayar destekli yazilimlar ile
yapilabilmektedir. NETPRO/Mine sundugu
profesyonel ve ayni zamanda kullanici dostu
araglara bu sliregte tasarimciya yardimci
olmaktadir.
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Assessment of Landscape by Photogrammetry Proximity Uav
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 Ricerche — IGAG-UOS di Cagliari, Cagliari, Italy

ABSTRACT In the past open pit excavations often created risks and environmental impacts
derived by the mining activities that deeply changed the landscape. In South Sardinia the
Furtei area, at Monte Porceddu, is a typical example of kaolinitic clays open pit mine, where
exploitation activities have deeply altered the original landforms. After mining closure this
site was totally abandoned and represents an extremely dangerous place. Nowadays the
possibility to recovering this site depends on the knowledge of local geolithological asset and
the hydrological characteristics of the sub-surface drainages. In this paper we present a
method based on a detailed photogrammetric UAV survey to generate multiple high quality
dense digital surface models (DDSMs) in order to provide basic terrain analysis. The
photogrammetric UAV method allows to survey risky areas with reliability, accuracy and
safety and, after some post-elaboration procedures, to point out complex geometric surfaces

characteristics related to geological and hydrological informations.

1 INTRODUCTION

In the rehabilitation of abandoned mining
areas the final result is mainly conditioned
by a consistent reconstruction based on the
accurate measurement of the morphological
alteration of the post-mining landscapes.

The success of a rehabilitation program
depends on the understanding of the new
geomorphological and hydrological asset as
well as the erosion processes derived from
post-mining activities. Digital surface
models of landscapes are more and more
used to reconstruct and evaluate this
degradation processes, particularly for the
risk assessment of a landform design (Fadda
et al. 2010). High quality digital elevation
model of a mining site was created with a
UAV multirotor platform photogrammetry
system. The aim of our research is to
describe the erosion processes caused as a
result of the abandonment of the mining
area. We mainly focused our survey on the

quarry vertical walls and on landfill mining
tailings, creating digital high resolution
georeferenced  digital surface models
(DSMs) and digital elevation models
(DEMs). Due to the variability of surfaces
morphometry, in this case has not been
possible to define a unique DSMs resolution
that could be applied to the whole area.
Therefore the resolution of the DSMs,
compared to the average size of the drainage
network, was designed to enable the
representation of the smaller process, on the
basis of the minimum pixel dimension.

This method reduces the approximation of
digital models due to interpolation errors,
especially in presence of strong steepness,
giving a more detailed DSMs. The more
detailed models highlight the degradation
processes taking place on the surfaces that
otherwise could not be properly identified
and quantified. This DSMs allow to study
not only the erosion of the mining area,
obtained on the basis of tools such as terrain
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analisys degradation and erosion risk
mapping in a GIS environment, but also the
evolution of degradation of landforms.

The successfull applications of unmanned
aerial vehicle (UAV) in the field of close-
range photogrammetry (Neitzel et al. 2011)
on abandoned mine areas have encouraged
the development of new methods for rapid
low-altitude image survey (from a few
meters to a max. of 80 meters of altitude).

With a GPS basis grid, acquired with
accuracy below the meter, the UAV
photogrammetry platform equipped with
SLR high-resolution digital camera is
capable of performing a very accurate
photogrammetric data acquisition.

However, this accuracy is not sufficient
for the geoprocessing computations that
need, besides the GPS flight log, the
acquisition of ground planimetric and
altimetric ground control points (GCP)
coordinates using a real-time kinematic GPS
(RTK-GPS).

The processing of aerial photographs was
performed with the PhotoScan software
(AgiSoft LLC), particularly suitable for
photogrammetric survey of morphologically
complex surfaces (Verhoeven 2011).

The photogrammetric method proposed
in this work is based on several missions
(flight and data acquisition) planned in the
lab with dedicated software, starting from
the area of interest (AOI) and the required
ground sample distance (GSD), knowing the
parameters of the digital camera. The
photogrammetric acquisitions was performed
both by horizontal and vertical planes data
acquisition, needed to the generation of
orthophotos, DEMs and 3D objects.

2 STUDY AREA AND GEOLOGICAL
SETTING

The studied area covers about one square
km near the Monte Porceddu, between the
basins of Rio S'Alluminu and Rio Maccioni.
This abandoned mining area offers wide
artificial landscape landforms that show
several geometrical complexities (Fig. 1). It
is characterized by several quarries with high
vertical wall, stratified with layers affected
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by hydrothermal and intermediate to
advanced argillic alteration and
silicification.

This study if focused, at the moment, on
the northern area of the Monte Porceddu
mine (AOI, Fig. 2), where the argillic
alteration is characterized by kaolinite and
dickite as main minerals, accompanied by
quartz, pyrite and pyrophyllite. This
alteration involves the complete
transformation of the pre-existing andesitic
rock, with obliteration of the particular
former textures.

The ore grade kaolin occurrences coincide
with areas where the advanced argillic
alteration reached a pervasive level: this
happened especially where the original rocks
were very permeable, thus exposed to
etching by acid solutions. The kaolinized
bodies have been no longer exploited
because of low quality of the ore which is
too rich in silica and pyrite. The silicification
type is due to deposition of mobilized silica,
both as impregnation of volcanic and
volcano-sedimentary rocks and as crusts. In
fact, a broadly tabular, flat-lying crops on
the top of Monte Porceddu overlies the
kaolinized area. This silica body is
characterized by the occurrence of
chalcedony and small shallow-seated
eruption breccias. All these features suggest
that this may be a silica cup, formed in the
surficial part of the epithermal system, above
the water table, by acidic and relatively cool
steam-heated fluids. The silicification
alteration occurs also at the contacts between
andesitic domes and the epiclastic-
pyroclastics units. Within the latter, the
intensity of silicification is also controlled
by the permeability of the layers. The
distribution of silicic alteration suggests that
hydrothermal  fluid flows channeled
preferentially along lithological contacts.

A complete understanding of the
geological structures in relationship with
degradation landforms, derived by past
mining activities, is the most important
factor to define the different consistent
resolution of DEMs and the appropriate
scale for planning the photogrammetric
survey of this area.
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Figure 2. Topographic map of Furtei area and open pit of Monte Porceddu (AOI).
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3 METHOLOGICAL APPROACH AND
EQUIPMENT

The close-range photogrammetric survey
was performed with an UAV multirotor
platform, assembled with OEM electronic
components by Mikrokopter HiSystems
GmbH. This platform is equipped with a
Canon5D Mark II digital SLR camera and
linked to a Ground Station control unit. For
the acquisition of ground control points have
been used a Topcon real-time kinematic
(RTK) Global Positioning System (Tab. 1).

This UAV photogrammetry system has
been used to solve the problem of surveying
the dangerous abandoned mining areas and
to create surface models (DSMs) correctly
interpolated, especially in areas of high
steepness (vertical walls), and at risk of
collapse.

The DSMs were taken at different
consistent resolutions using mainly two
fixed focal lengths: 20mm and 35mm. These
DSMs have been used as a basis to correlate
the morphological characteristics of the site
and the changes taking place, in order to
understand the origin of the process of
accelerated erosion and the consequent
development of the network of surface
runoff. Recently, several studies have
shown that there is a close relationship
between the resolution of the DEMs and the
dimension of hydraulic model grid size
(Claessens et al. 2005). With a ground
sample resolution <5 cm, areas with a great
tendency to instability caused by accelerated
erosion can be delineated more precisely
than at lower GSR (> 1 m).

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 II 5D)

Flight parameters radius and altitude: max 200 m — max 80 m

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

The Camera system - Canon Sd Mark I1

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

Resolution sensor: 21 Mpixel CCD matrix - 5616 x 3744 — Raw16 bit
Fixed lense: 20 mm - 50 mm precalibrated

(Focal length (fx , f'y), Principal point (¢ x , ¢ y), K1, K2, K3, P1, 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 GGD — Center of phase zero

Receiver: Legacy-H GD 40 L1 GPS

Datum and coordinates: WGS 84 — Geographic UTM-WGS 84
Number of Satellites: 5-9 — 15 degree angle of visibility
GPS points and GCP acquired in topography survey: 54 — 12

RMSE < 2 cm
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During our investigation we have
planned the flights of different sectors
according to  their  geolithological,
geomorphological and vegetation coverage
characteristics.

For each sector have been defined the
single different consistent resolutions needed
for the elaboration of the DEM of the fronts,
the quarry lay, the landfills, the derbies
accumulations and for the over-flow
furrows. This area of interest (AOI)
investigated includes a front of about 215 m
long with an average height of 15m, which
defines a quarry area of about 9.361 square
meters. The quarry lay morphologically
consists of several levels resulting in both
phases of mineral extraction and different
sizes sterile materials accumulation. Inside
this quarry there are different degradation
processes like collapses from vertical walls,
diffuse runoff, accelerated and differential
erosion.

These problems are particularly acute in
the northern portion of the quarry lay, where
the action of the water has given rise to deep
furrows, gradually conveying the surficial
runoff materials to the Rio S'Alluminu.

The photogrammetric survey of this area
has been developed in three steps. The first
step is the camera calibration performed in
bundle adjustment, with the set of fixed focal
length lenses to be used, and correcting.

The second step is the planning of the
very first flight, used for the construction of
an orthophoto of the AOI. The orthophoto
was generated using as a basis a network of
GPS points, geo-tagged with the UAV-GPS
flight log (latitude, longitude and elevation).
This flight was performed at the altitude of
80m usith fixed focal length of 20mm, in
order to garantee a fast coverage of the area.

The orthophoto was finally imported in
the dedicated software “MikroKopterTool”
(by Mikrokopter) as a base to accurately
planning (in terms of flight altitudes and a
safe distance from the walls the next
photogrammetric flight).

The different altitudes of the acquisition
flights (from 5 to 50m) have been
established taking into account the ground

sample distance (GSD) needed (0.02 to 0.06
m/pix) in relation to the fixes focal lenses of
35 and 50mm used.

After the definition of these parameters
the flyght was planned by waypoints,
according to the photogrammetry rules:
longitudinal overlap >70% and cross-overlap
>=50% (Fig. 3).

The flight planning is a very important
phase, especially when the surfaces that have
to be reproduced, as in our case, show
different material characteristics, strong
steepness and different exposition to the
incident light.

The flights were performed at various
distances from the surface, taking always
convergent photos. Any combination of
photographs, whether in stereo pairs, stereo
triples, strips, sub-blocks or blocks, is
handled by forming the set of observation. In
addition, the UAV platform used allowed to
replace the traditional photo capture from
the ground, performing some very low-
altitude flights (5m) with GPS flight log. The
total number of photos captured is 284.

The third step of our work has been the
use of the Topcon RTK-GPS receiver for
collecting GCPs field data points with an
accuracy of RMSE measurements <2.0 cm.
For this purpose a local geodetic control
network were first established by a few
GCPs markers, used as main control points
and positioned in Geographic UTM - “World
Geodetic System 1984 (WGS84)” coordinate
system.

This set of points was imported into
PhotoScan software were was connected to
the coordinate system of the local Regional
Technical Cartography (Gauss Boaga-ED50
orientation datum ROMA40 - scale
1:10.000) available for the area also in
digital format.

A total of 12 ground control points
(GCPs) were collected, in order to compare
the  oriented  photogrammetric  data
coordinates with the corresponding ground
survey data.
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Figure 3. The UAV multirotor platform assembled with OEM electronic components (by
Mikrokopter HiSystems GmbH) with Ground Station control unit and waypoints of the flight
plans pre-elaborated with “GeoMapTool 4.0” (by Alex Demeo) for “MikroKopterTool.

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

4 DEM-ORTHO PROCESSING (AAT - namely the correct identification of
a number of bonding points between the

During the last years, in the field of images) have been improved.

close-range photogrammetry, the
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

i, N
ks Lam

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.

"
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Figure 4. Screenshots of Photoscan interface with some point clouds generated.

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

Ortomosaic and DEM

Number of Orthomosaic and DEM: 3
Coverage area: 9.361 m2
GSDs:0.02-0.06 m/pix

DEM Resolution: 0.06-0.10 m/pix
Point density: 2.651 points m2
RMSE 0.278682 pix

Some mesh editing has been required after
automated processing to fill some “holes”
and remove boundary errors.

Finally, for each pixel have been assigned
the spatial coordinates (X, y, z) and the true-
color information (RGB) in order to generate
a fully textured 3D model. (Fig. 5) shows a
complete reconstruction of the quarry
investigated. The use of very dense clouds
requires the decimation of the data points, in
order to create valid DSMs. This technique
works at is best with landforms with a high
surface asperity and with a low vegetation
cover.

5 CONCLUSION

This work was aimed at the optimization
of a method for low altitude photogrammetry
with an UAV multirotor platform, for the
creation of models DSM at consistent
resolution. The proposed method results
reliable, quick, accurate and safe.

This is particularly indicated for
abandoned mine sites, or wherever the
access is limited by safety problems. During
the data post-elaboration process a lot of
information and measures have been carried
out from the calculated geometrical shapes
and landforms models.

The results of this work constitute the
basis for a future development, into a GIS
environment, of a detailed terrain
degradation analysis. The development of
our research will provide the survey to the
other quarries to realize a complete model of
the M.te Porceddu mining area. The data
analyses carried out by the application of
this method constitute the required
background for the elaboration of risk maps
for the planning of a reclamation and
restoration project.
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Figure 5. Orthomosaic and DEM of the test area (georeferenced in Gauss-Boaga) with

contour map and over flow vectors.
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Madencilik Faaliyetlerinde Cografi Bilgi Sistemleri Kullanimu:
Afsin-Elbistan Linyitleri A¢ik Isletmesi Ornegi

The Use of Geographical Information Systems on the Mining
Activities: A Sample of Open Cast Mining in Afsin-Elbistan

B.A. Mert
Mustafa Kemal Universitesi, Petrol ve Dogalgaz Miihendisligi Boliimii, Hatay, TURKIYE

A. Dag
Cukurova Universitesi, Maden Miihendisligi Boliimii, Adana, TURKIYE

OZET Bu ¢alismada, madencilik faaliyetlerini igeren bir maden bilgi sistemi olusturularak,
madencilik faaliyetleri ve iiriin hareketlerinin izlenmesi, gerekli sorgulamalar ve analizlerin
yapilarak en uygun kararin verilmesi hedeflenmistir. Bu amagcla, dncelikle Afsin-Elbistan
linyit havzasindaki madencilik faaliyetlerinde kullanilan harita materyalleri CBS
tekniklerinden faydalanilarak sayisal haritalara doniistliriilmiis, daha sonra sondaj verileri ile
jeoistatistik yontemler kullanilarak linyit yatagi 3 boyutlu olarak modellenmistir. Bu sekilde
elde edilen tablosal ve grafiksel veri tabanlari CBS ortaminda birlestirilerek rezerv-kalite
dagilimlariin tespiti gibi konuma bagl analizleri gergeklestirme olanagi saglanmistir. Bu
gergevede, ekrandan segilen veya kosullu analizler ile tanimlanan hacimler iizerinden
veritabanlarinda bulunan tiim oOzniteliklerin veya sorgulamalarla olusturabilecek diger
veritabanlarinin istatistiksel bilgilerine ve rezerv miktarlarina ulagilabilecegi, ayrica tematik
haritalarinin hazirlanabilecegi ortaya konulmustur.

ABSTRACT In this study, by creating mine information system containing the mining
activities, monitoring of the mining activities and product movements, making right decision
by carrying out the necessary inquiries and analyses were intended. For this purpose, firstly
thematic maps used in the activities of mining of the Afsin-Elbistan lignite basin have been
converted into digital maps by using of GIS techniques and then the lignite basin have been
modeled by using three dimensional geostatistical analyses with the geological and drilling
data. By combining the obtained in this way tabular and graphical data in GIS environment,
the ability to perform location-based analyses such as the distribution of the reserve-quality
have been provided. Within this frame, the amount of reserves and statistical information of
all the attributes in databases or other querying databases from volumes defined by
conditional analyses or selected on screen can be achieved and preparation of thematic maps
of them can be also prepared have been put forward.

1 GIRIS

Etkin bir {iretim planlamasi i¢in Oncelikle
maden yataginin nitel ve nicel 6zelliklerinin
saptanmas1  gereklidir. Nitel dzellikler,
yapilacak jeolojik ve jeofizik caligmalarla
ortaya konulur. Kalite ve miktar gibi nicel
Ozellikler ise, yapilan hesaplamalarin
hassasiyetine bagli olarak farkli sekillerde

tanimlanir. Genellikle ilk adim arastirma-
gelistirme sondajlar1 ve arazi ¢alismalarinin
tamamlanmasidir. Daha sonra bu ¢alismadan
elde edilen bilgiler 15131nda, maden yataginin
geometrisi, cevherlesme ve siirekliligi, linyit
kalitesi ve miktarn gibi Ozelliklerini
belirlemek iizere yatagin jeolojik blok
modeli ¢ikarilir. Bir cevher kiitlesinin blok
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modeli cevher kiitlesinin soyut kiigiik
bloklara boliinmesiyle elde edilir. Herhangi
bir blok modelde tek bir blok, ii¢lii indeks
sistemi (i,j,k) ile tanimlanabilir. Bu bloklarin
boyutlarint belirlerken, kalite degisimleri,
jeolojik devamlilik, {iretim makinelerinin
kapasiteleri, kaya mekanigi Ozellikleri ve
bilgisayar veri kapasitesi gibi faktorler goz
oniine alinmaktadir.

Bu c¢ergevede, maden yataklarinin
degerlendirilmesi i¢in Onem arz eden
degiskenlerin, linyit ig¢in Ornek verecek
olursak kalinlik, kalori, kiil ve nem igerigi
gibi degiskenlerin yatak boyunca nasil bir
dagilim sergilediginin tahmini amaciyla
bir¢ok yontem gelistirilmistir. Bu
yontemlerin ortak gayesi, oncelikle jeolojik
bloklarin kalite degerlerinin dogru bir
tahmini, daha sonra verilerin haritalanarak
analiz edilebilmesidir.

Haritalarin analizinde, geleneksel olarak
harita iizerindeki 6l¢ek yardimiyla konum-
koordinat hesaplamalar1 yapilmakta, harita
lejand1 sayesinde de konum-kalite bilgisine

ulagilmaktadir.  Giliniimiizde  gelistirilen
Cografi Bilgi Sistemi (CBS) igerikli
bilgisayar yazilimlar1 sayesinde ise bu

hesaplamalar ile birlikte harita iizerinde iki
boyutta gosterilmesi ¢ok karmagik olan
birgok bilgi kolaylikla elde edilmektedir.

CBS kavrami kisaca veritabanlar ile
iliskilendirilmis mekansal objelerin
haritalanmast olarak nitelenebilir (Church,
2002). Madencilik alaninda  harita
kullanimiin yaygin oldugu diisiiniiliirse
CBS'nin  madencilikte  kullanim  alam
bulmamas1 disiiniilemez. Konuya komiir
madenciligi acgisindan  6rnek  verilecek
olursa; klasik liretim haritasinda basamaklar
ve komiriin kalinlik egrileri ayni anda
gosterilebilir, fakat nem egrileri veya birkag
degisken daha harita {izerinde gosterilmek
istenirse harita i¢inden ¢ikilmaz bir hal
alacaktir. Iste bu noktada cografi bilgi
sistemleri mantig1 ile hazirlanmis bir
haritada her degisken bir katman olarak ifade
edilir ki, istenilen katman iizerinde ¢alisma
yapabilecegi gibi haritayr ifade eden
rezerv/kalite gibi birgok sayisal veriye de
rahat¢a ulasilabilinir (Mert, 2010).
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Bu kapsamda, madencilik faaliyetlerinde
CBS’nin  bircok uygulama alani1 ortaya
¢ikmakla birlikte, bu arastirma ¢alismasinda,
madencilik faaliyetlerini igeren bir bilgi
sistemi olusturularak, maden miihendisinin
tiim madencilik faaliyetlerini toplu halde bir
sistemde gdrmesi, gerekli sorgulamalar1 ve
analizleri yaparak en uygun karari vermesine
olanak saglanmas1 amaglanmaktadir.

2 CALISMA ALANININ TANIMI

Kahramanmaras Ili’ne bagli Afsin ve
Elbistan ilgelerinin kuzeyinde bulunan ve
yaklagtk 120 km™lik bir alan1 kapsayan linyit
havzasi; Kislakdy (A), Collolar (B) ve Afsin
(C) ad1 verilen ii¢ ana sektor ile D, E ve F
sektorlerinden olugsmaktadir (Sekil 1).

KISLAKOY
SEKTORU
\\\\\\

uuuuuuu

GOLLOLAR
SEKTORU

0 2km.  4km.  6km.  8km. 10km.

Sekil 1. Calisma alaninin yerbulduru haritasi

2.6 milyar ton rezerv ve ekonomik
ortii/linyit orant ile oncelikle
degerlendirilmesi  gereken saha olma
Ozelligine sahip bu havzanin fizibilite raporu
1969 yilinda hazirlatilmis ve gerek agik
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isletme  derinliginin  Kislakdy  sektorii
kuzeyinde diisiikk olmasi, gerekse diger
sektorlerde de termik santral kurulmasi
gerektigi diisiincesinden dolay1 linyit kazi
calismalarinin ~ ilk  olarak  Kislakdy
sektoriinde Dbaglatilmas1  kararlagtirilmigtir
(Yoriikoglu, 1991, Ural vd., 2000).

Linyit havzanin kuzey dogusunda yer alan
Kislakdy acik isletmesi, alti adet doner
kepgeli kazici, 55 km uzunlugunda bant
konveyor sistemi ve bes adet dokucu ile
techiz edilmis, ortalama 55 milyon m’/yil
orti kazi1 ve 20 milyon ton/yil linyit
iiretebilecek sekilde tasarlanmustir.

3 MATERYAL VE YONTEM

3.1 Materyal

CBS analizlerinin saglikli yiiriitiilebilmesi ve
gergekei sonuglarin {iretilebilmesi, mevcut
veri tabaninin yeterli ve giivenilir olmasini
gerektirmektedir. Bu kapsamda ¢alismaya ait
cografi ve cografi olmayan 6znitelik verileri
cesitli kuruluslarin mevcut veri
tabanlarindan saglanmis ve analiz edilmeden
once gerekli diizeltmeler ve eklemeler
yapilarak sisteme dahil edilmislerdir. Bu
kapsamda, linyit havzasinda gergeklestirilen
778 adet sondaja ait loglar, 1/25.000 6lgekli
topografik ve 1/5000 o6l¢ekli kartografik
haritalar ile giincel ve gec¢misteki arazi

kullanim  haritalari, arastirmanin temel
materyallerini  olusturmaktadir.  Ayrica
jeoistatistik analizlerde Datamine, CBS

analizlerinde ise Maplnfo 9.0 yazilimlar ile
caligsmalar yiiriitiilmiistiir.

3.2 Yontem

CBS teknolojisinin  Afsin-Elbistan linyit
havzasindaki madencilik  faaliyetlerinde
kullanom  olanaklarinin arastirilmasina
yonelik olarak, oOncelikle madencilikte
kullanilan ~ harita  materyalleri ~ CBS
tekniklerinden faydalanilarak sayisal
haritalara dontistiiriilerek grafiksel
veritabanlari, daha sonra sondaj verileri ile
jeoistatistik yontemler kullanilarak linyit
yatagi modellenmis ve tablosal veritabanlari
hazirlanmustir.

Elde edilen tablosal ve grafiksel veri
tabanlart CBS c¢atis1 altinda birlestirilerek
rezerv-kalite ~dagilimlarinin  tespiti  gibi
konuma bagli analizleri gergeklestirme
olanagi saglanmustir.

ITABLOSAL VERI | | GRAFIKSEL VERI |

Basamak Planlar1
Vaziyet Planlari
Ocak Sinirlari
Arazi Kullanimi
Jeolojik Birimler

X,Y,Z Konumlar

Linyit Sirlar

seggjli Bhiialisc Kalori Dagilimlar1

Karot Verileri
Alan Bilgileri
Sondaj Loglari

%Nem Dagilimlari
%Kil Dagilimlart

| Veri Hazwlama

| Istatlstlksel Analiz |
I
| Yarivariogram Analizi |

I
| Capraz Dogmlama

Ordinary Kriging
(Blok, Indikator)
[

Veritabani
Yonetim
Sistemj
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lBlok—Kalite Sorgulama |
I
|Rczcrv—Kalitc Hesaplar1 |

Sekil 2. Calismanin genel akim semasi

4 CBS ANALIZLERIi

CBS i¢in veritabani ¢atisinin olusturulmast,
verilerin veritabanina girilmesi, projenin en
6nemli ve en ¢ok emek-zaman alan kisnudir.
Elde edilecek verilerin kalitesi, yapilacak

analizleri ve dolayisiyla da sonuglari
dogrudan etkilemektedir. Bu g¢ercevede,
calisma alaninin  sinirlar;,  kullanilacak
koordinat sistemi, gerekli olacak veri
katmanlar1 ve verilerin nasil kodlanarak
organize edilecegi Onceden belirlenerek,
calismanin  ileri  asamalarinda  ortaya

cikabilecek degisiklikler igin veritabaninin
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dogru tasarlanmasi  gerekmektedir. Bu
boélimde, uygulama alani olarak secilmis
Afsin-Elbistan Linyit Havzast sinirlar
icerisinde yer alan yapilari, karayollarini,
ocak i¢i yollari, iiretim kademeleri v.b.
bilgileri iceren vaziyet planlari, linyit
yatagmin kalite dagilimlart ve jeolojik
birimlere ait veriler i¢in, CBS veri tabaninin
olusturulmas1  ve  veritabani  yOnetim
sisteminin  asamalart  anlatilmistir. Bu
asamalar sirasiyla;

= Grafiksel veritabanlarinin olusturulmasi,

= Tablosal veritabanlarinin olusturulmasi,

* Veri tabani yonetim sisteminin kurulmasi
olarak belirlenmistir.

4.1 Grafiksel Veritabaninin Hazirlanmasi

Grafiksel veritabaninin olusturulmasinda ilk
olarak s6z konusu c¢aligma sahasii da
kapsayan 1/25.000 o6lcekli L38/Al1-A4,
L37/B2-B3, 1/100.000 olgekli L37 ve L38
pafta numarali topografik ve jeolojik
haritalar tarayict kullanilarak bilgisayar
ortamina aktarilmig ve izerinde gorsel
yorumun daha iyi yapilabilmesi i¢in Adobe
Photoshop programi yardimiyla gerekli
filtrelemeler uygulanmistir. Daha sonra
harita, MapInfo 9.0 programi ortaminda
UTM projeksiyon sisteminde 37. Zone - 39.
Dilim Orta Meridyeninde ve ED50 elipsoide
uygun  olarak  diizlemsel izdiisiime
oturtularak memleket koordinatlarina
dondstirilmistiir.

Sayisallagtirma siirecinde harita {izerinde
farkli tlirden her eleman smifi farkl
katmanlarda  siniflandirilmigtir.  Benzer
mantikla Afsin-Elbistan Termik Santraline
halen komiir tedarik eden Kislakdy ve
Collolar agik komiir ocaklarinin 2009 Nisan
ayma ait vaziyet planlari, {iretim ve jeolojik
haritalar1 sayisallastirilmig, basamak sinirlar
ve ocaktaki diger cografi koordinatlar GPS
ile 0l¢lim yapilmak suretiyle sisteme dahil
edilmistir. Boylelikle ¢alisma alanina iliskin
grafiksel bir veri tabani olusturulmustur.

Calismalarda kullanilan grafiksel
verilerden karayollar1, ocak i¢i yollar, iiretim
nakil bantlar1 cizgisel olarak
sayisallastirilirken, ocak sinirlari, ruhsat
sinirlari, idari sinir ve binalar, yesil alanlar,
basamaklar, sevler ve jeolojik birimler alan
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olarak sayisallastirilmistir. Herhangi bir
¢izgi ya da alan ile temsil edilemeyen sondaj
lokasyonu, ilge, bucak, koy, vb. yerler ise
noktasal olarak sayisallastirilmustir.

Grafiksel verilerin hazirlanmasinda ikinci
asama olarak; cografi koordinatlar1 bilinen
linyit havzasi, yatay eksenler boyunca
100x100 m eninde, diisey eksen boyunca
112 ayrnt seviyede 2.5 m’lik boylarda

bloklara bolinmiis (Sekil 3), her bir blogun
ortalama Isil deger, %Kiil, %Nem degeri ve
linyit siurlari, ayrintilar1 Boliim 4.2. de ele
almacak kriging
modellenerek
sayisallastirilmistir.

teknikleri ile
olarak

tahmin
cizgisel

‘ “‘%VA
(OOOOOOCEK)
i

Sekil 3. Grafiksel veri tabaninin bilesenleri

4.2 Tablosal Veritabanimin Hazirlanmasi

Sayisallastirilan grafiksel verilerin
Ozniteliklerinin bulundugu tablosal
veritabanin1  hazirlamak, bu ¢alismanin

onemli bir kismint olusturmaktadir. Eleman
siniflarinin Ozniteliklerinin se¢imi
¢alismanin dogru sonuglanmasi bakimindan
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onemlidir. Bu  nedenle, kullanilacak
sorgulamalar da g6z oniinde bulundurularak,
olusturulan grafiksel veri tabani
katmanlarinin, her biri igin farkli igerikte
oznitelik belirlenmigtir. Ornegin, jeolojik
birim alanlari, karakter olarak tanimlanir
iken, tiretim bantlarinin uzunluk 6zniteligi
sayisal olarak veri tabaninda yer almistir.

Topografik haritalar {izerinde bulunan
esyiikseltiler, yollar ve dereler gibi ¢izgisel
grafiklerin tablosal veri tabani girisi icin
gelistirilen topografik harita sayisallastirma
programi  sayesinde kullanici  ¢izgileri
olusturan noktalar1 veya bir tepe noktasini
cografi koordinatlar1 (x,y,z) ve isimleri ile
tanimlama imkani elde ederek, olusturulan
tablolar sayesinde es yikselti egrilerinin
CBS ortaminda korelasyonuna ve ii¢ boyutlu
goriiniimiine imkan saglanabilmektedir.

Bilindigi {izere, iki boyutlu grafiksel
veriler, x-y diizlemli bir haritada tiim
detaylar1 ile tanimlanabilmelerine ragmen,
iic boyutlu bir grafiksel veri iki boyutta
ancak lejant verilmek suretiyle
gosterilebilmektedir. Bu sebeple, diiseyde
2.5 m’lik 112 ayrt seviyeye boliinerek
tanimlanan Isil deger, %Kiil, %Nem ve linyit
sinirlarinin, gesitli Oznitelikleri  ve
konumlarina bagli tablosal veri tabanlar1 her
katman igin ayr1 ayrt olusturulmustur. Daha
sonra bu tablosal veriler, grafiksel veritabani
ile iligkilendirilerek, iki boyutlu bir harita
tizerinde, ii¢ boyutlu koordinatlar1 GPS
alicist ile tespit edilmis bir noktanin, {igiincii
boyuttaki Oznitelikleri sorgulanabilir hale
getirilmistir.

Tablosal veri tabanlarimizda bulunan Isil
deger, %Kiil, %Nem gibi degiskenlerin ortak
Ozelligi linyit yatagimiza 6zgii olmalart ve
koordinatlarla ifade edilebilmeleridir ve
sadece linyit yatagimizin sondajlar ile tespit
edilmis noktalarinda  bellidirler, diger
noktalardaki bilinmeyen degerleri
hesaplamak gerekmektedir. Bilinmeyen bir
degerin hesaplanmasi ise sondajlar ile elde
edilen  gercek  degerler  yardimiyla
yapilmaktadir. Bu amagla, oncelikle linyit
iceren seviyeler ve sinirlari tahmin edilmeye
calisilmis daha sonra bu sinirlar dahilindeki
kalite dagilimlariin tablosal ve grafiksel
verileri hazirlanmigtir. Yapilan analizlerde

jeoistatistik yontemler kullanilmis olup, bir
sonraki baglik altinda ise analizlerden clde
edilen bulgular verilmeye calisilmistir.
Jeoistatistik yontemlerle yapilan bir analiz
dort ana gruba ayirilabilir. Bu gruplar ise;
1. Yoresel degiskenin degerleri arasindaki

farklarin, wuzakliga Dbagl degisimlerini
belirlemeye yarayan yarivariogram
modellerinin tespit edilmesi,

2. Yarivariogram modellerinin test
edilmesi,

3. Kriging tahmin teknigi ile noktasal,
alansal veya bir hacmi temsil eden
tahminlerin yapilmasi,

4. Yapilan tahmin hatalarinin

belirlenmesi, seklinde siralanabilir.

Jeoistatistiksel bir ¢alismada bu unsurlarin
hepsinin sistematik olarak yapilmasi gerekir
(David, 1988, Isaaks et al., 1989).

Linyit yatagin1 tanimlayan 1s1l deger, kiil,
nem gibi degiskenlerin belirlenen yatak
sinirlart igerisindeki dagilimini belirlemek
amaciyla, bu degiskenlerin deneysel yari
variogramlar1 incelenmis ve elde edilen bu
deneysel yarivariogram yapilarina karsilik
teorik yar1 variogramlardan biri uydurulmaya
calisilmustir.

4.2.1 Linyit Yatag Sinmir Analizi

Isil deger, %Kiil, %Nem gibi degiskenlerin
tablosal veri tabanlarinin hazirlanmasi igin
oncelikle linyit iceren seviyeler ve sinirlari
tahmin edilmeye c¢alisilmis, daha sonra bu
sinirlar  dahilindeki kalite dagilimlarinin,
tablosal ve grafiksel verileri hazirlanmistir.
Bu gergevede, cevherlesmenin
karakteristigini belirlemek amaciyla
sondajlara ait kalite verileri ele alinarak,
tanimlayici istatistikleri belirlenmis ve linyit
yataginin diizenli yataklanma gosterdigi
tespit edilmistir. Calismamizda kullanilan
veri setine, yaklasik normal dagilim ve tolere
edilebilir diizeyde diizensizlik gosterdigi

icin, herhangi bir ‘“normal dagilim
doniistimii” uygulanmamis, sadece dort
sondaja ait veriler veri setimizden

uzaklastirilarak ger¢ek veriler iizerinden
jeoistatistiksel analizler yapilmistir.

Linyit yatagmin simirlarinin belirlenmesi
amact ile bolgede yapilan 774 adet
sondajdan elde edilen 25791 karotun
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sonuglart cevher kesip kesmedigine gore
siniflandirilmis; karot degerlerine eger linyit
ise “17, linyit degil ise “0” indikator degeri
atanmistir (Tercan, 1999). Bu indikator
degiskene dayanarak modellenen teorik yari
variograma gore, indikator kriging tahmin
teknigi ile linyitli seviyeler ve smirlari,
olasilikl1 olarak belirlenmistir.

Kriging tahminlerimizde indikator veriler
kullanildigindan kriging denklem
sistemindeki yar1 variogramlarin yerini
indikatdr yar1 variogramlar almistir. Ayrica
¢alisgmamiz {i¢ boyutlu veriler icerdiginden
yart variogramlarimizin da i¢ boyutlu
modellenmesi  gerekmistir. Ug  boyutlu
yarivariogram analizlerinde yatay eksenlerde
ve disey ecksende muhtemel birgok
anizotropi yonii olusacagi diisiincesiyle
gesitli yonlerde yatayda 10”den artarak
baslayan, diiseyde de 5° ile 22.5° arasinda ag1
toleranslarinda bircok anizotropi analizi
yapilmig, neticede indikator deneysel
yarivariogram egrisini temsil eden en uygun
modelin Gauss tip yarivariogram modeli
oldugu belirlenmistir (Sekil 4-5).
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Sekil 4. Indikatér degerlerin deneysel ve
teorik diisey yar1 variogrami
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Sekil 5. Indikatér degerlerin deneysel ve
teorik yatay yar1 variogrami
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Elde edilen teorik  yarivariogram
parametrelerinin  dogrulugunu test etmek
amaciyla c¢apraz dogrulama test teknigi
uygulanmigtir. Bu yontemde 25791 tane
gercek deger iginden veriler sirasiyla
uzaklastirilmig, sanki veri bilinmiyormus
gibi kalan 25790 veri yardimiyla ve ordinary
kriging yontemiyle tahmin edilmistir.
Tahminlerde kriging arama elipsoidinin i¢ine
diisen, en cok 64 en az 4 goézlem degeri
kullanilmistir. Daha sonra gercek degerlerle
tahmin edilen degerler arasindaki farklarin
sonu¢ tahminin varyansina bdliinmesi
suretiyle indirgenmis hatalar elde edilmistir.
Clark ve Harper, 2000’¢ gore yansiz bir

tahmin  yapabilmek i¢in  indirgenmis
hatalarin varyansiin “1” veya 1+2.,2/N
(N=veri sayisi) sinirlart arasinda,
ortalamasinin ise “0” olmas1 beklenir.
Mevcut analizde indirgenmis hatalarin
ortalamas1  -0.0005 yakin ve varyansi

1+£2,/2/25791 smirlart iginde kalmaktadir.
Bunun sonucu olarak segilen yar1 variogram
model parametreleri gecerlidir denilebilir.
Yatagin smirlarinin  belirlenmesinde 2.
asama olarak cevher yatagmi temsil eden
bolge 100 m x 100 m x 2.5 metre bloklara
boliinerek  biitin ~ bu  bloklarin  orta
noktalarina, ordinary  blok  kriging
yontemiyle linyit igerebilme olasiliklarina
gore degerler atanmustir. Kriging igin,
belirlenmis indikator yartvariogram
modellerinin  testi  i¢in ele alinan
parametreler kullanilmis, kriging sonrasi O
ile 1 aras1 gosterge sinirlari elde edilmistir.
Goriiniir, muhtemel ve mimkiin rezerv
tanimlamalarina bakilacak olursa goriiniir
rezerv i¢in %20 hata, muhtemel rezerv igin
%40 hata ve miimkiin rezerv i¢inde %50
hata 6ngoriilmektedir. Bu bilgiler 1s1ginda
indikator kriging sonrasi elde ettigimiz O ile
1 aras1 gosterge sinirlart siniflandirilmis ve 1
ile 0.8 indikator degerleri arasinin goriiniir
rezerv simurlarimi, 0.8 — 0.6 arasin
muhtemel rezerv smirlarmi ve 0.6 — 0.5
gosterge sinirlarinin da  miimkiin  rezerv
simirlarini temsil ettigi  digiiniilmistiir(Dag
vd., 2008). Bu kapsamda, Visual Basic
programlama dilinde bir veritabani programi
gelistirilerek  0-1, 0.8-1, 0.6-1, 0.5-1
indikator sinif araliklari ayr1 birer veritabani
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olarak saklanmustir. Bu veritabanlarindaki
her blok ileriki boliimlerde yapilacak kalite
tahminlerinden elde edilecek ilgili seviye ve
blok kalite degerleri ile eslestirilerek CBS

analizlerinde  kullanilacak  veritabanlari
haline donisecektir. Bu sayede linyit
simirlar1  ve  dahilindeki  rezerv/kalite
dagilimlar olasiliklt olarak
belirlenebilecektir.

Bu asamada, indikatér verilerin ilgili
olasiliklar dahilinde grafiklenmesi ile her kot
seviyesi i¢in linyit yayilim haritalar1 elde
edilebilmektedir (Sekil 13).

4.2.2 Linyit Yatag1 Kalite Dagilim Analizi

Bilinen linyit yatagi smirlarina gore
kalite dagilimlarin1 belirlemek amaciyla Isil
deger, %Kiil, %Nem degiskenlerinin
oncelikle yarivariogram analizleri yapilmis
ve elde edilen deneysel Isil deger, %Kiil,
%Nem yarrvariogram yapilarina karsilik en

uygun teorik yarivariogram belirlenerek
capraz dogrulama teknigi ile
dogrulanmistir(Sekil 6-12).
~§ [
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Sekil 6. Isil deger (kcal/kg) degerlerin

deneysel ve teorik diisey yar1 variogrami

Isil deger (kcal/kg) degiskenin disey
yondeki iliskisinin etki mesafesi olan 35 m
jeoistatistik analizin bir sonraki adimi olan
kriging tahmininde ilgili yarivariogram
fonksiyonuna gore o noktadan diisey yonde
35 metreden daha wuzakliktaki verilerin
tahminde kullanilmamasi yoniinde bir anlam
tasimaktadir. Yatay yondeki variogramlarin
etki mesafesi ise yine ayn1 mantikla birbirine
750 metreye kadar wuzaklik dahilindeki
orneklerin iissel fonksiyonla tanimlanan
iligkisi oldugunu, daha yiiksek
uzakliklardaki orneklerin ~ tahminlerde

kullanilmasinda ise  hatalarin  yiiksek
olacagini agiklamaktadir (Sekil 6-7).
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Sekil 7. Isil deger (kcal/kg) degerlerin
deneysel ve teorik yatay yari variogrami

%Kiil degerlerin deneysel yarivariogram
analizlerinde 0° ve 90° yonleri ile 45° ve
135° yonlerinde farkli esik deger ve etki
mesafelerine sahip oldugu goriilmektedir.
Kuzey-Giiney, Dogu-Bati dogrultularinda
zonal aniztoropi gosteren %Kil verilerinin
bu dogrultulardaki yarrvariogramlari ayri
ayri modellenerek tahmin yoluna
gidilmistir(Sekil 8-10).
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Sekil 8. %Kiil degerlerin deneysel ve teorik
diisey yar1 variogrami
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Sekil 9. %Kiil degerlerin deneysel ve teorik
kuzey yonlii yar1 variogrami
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Sekil 10. %Kiil degerlerin deneysel ve teorik
dogu yonlii yar1 variogrami

%Nem degerlerin deneysel ve teorik diisey
yar1 variogrami incelendiginde farkli yonlere
gore esik degerin %36 (nem)’ seviyesinde
oldugu bu esik degere ulasmak igin ise
ortalama 1000 m etki mesafesinin ayni
kaldig1 goriilmektedir(Sekil 11-12). Bu ise
yatakta yatay yonlerde kil degiskeni igin
geometrik ve zonal anizotropi olmadigini
gostermektedir.
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Sekil 11. %Nem degerlerin deneysel ve
teorik diisey yar1 variogrami
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Sekil 12. %Nem degerlerin deneysel ve
teorik yatay yar1 variogrami

Linyit yatagini tanimlayan 1s1l deger, kiil,
nem degiskenlerine ait mesafeye bagl iliski
fonksiyonlarinin tanimlanmasi ile artik bu
degigkenlerin yatak boyunca, yatay ve
diiseyde nasil bir dagilim gosterdigi tahmin
edilebilir. Bu amagla Oncelikle, linyit
sinirlar1 koordinatlar1 belli olan bir poligon
alani olarak tanimlanmis, daha sonra cografi
koordinatlart 316800 - 337300 (dogu-bat),
4237200 - 4250000 (kuzey-giiney), 950 -
1250 m (ytikseklik) olan ¢alisma alani,
100x100x2.5 m  boyutlarinda  toplam
2.938.880 adet bloga bdliinerek, her bir
blogun ortalama kalite degerleri ordinary
blok kriging yontemi ile tahmin edilerek
tablosal veritabanlar1 hazirlanmis ve 0-1
indikator smif araliklarinda saklanmis veri
tabanlar1 ile birlestirilerek rezerv, olasilikli
yatak smir1 ve kalite dagilimlarinin tespiti
amaciyla  kullamilmak  iizere tablosal
veritabani olarak saklanmistir (Cizelge 2).

Cizelge 1. Deneysel ve teorik yarivariogram model parametreleri

Deneysel Yarivariogram Teorik Yarivariogram
.. Yon Tolerans Diisey Tolerans Lag Mes.| Model Kontrolsiiz  Esik  Etki Mes.
Degisken Adi Acist  Acist Agly Acist gm. Etki (C;) Deger (C) (A),m
indikatsr Diigey | 0° 0° 90° 5° 3 Gauss 0.193 0.28 85
Yatay | 90° 90° 0° 0° 200 Gauss 0.193 0.239 1330
Isil deger  Diisey | 0° 0° 90° 5° 3 Gauss 8.000  183.000 35
(kcal/kg) Yatay | 90° 90° 0° 0° 50 Ussel 8.000 90.000 750
Diisey | 0° 0° 90° 5° 3 Kiiresel 22 61 13
%Kil Kuzey | 0° 22.5° 0° 0° 100 | Kiiresel 22 56 620
Dogu | 90° 22.5° 0° 0° 100 Ussel 22 74 860
Diisey | 0° 0° 90° 5° 3 Ussel 14 44 14
YNem Gy | 90°  90°  0°  0° 100 | Ussel 14 39 500

100
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Ayrica yapilan tahminler ile elde edilen
Isil deger (kcal/kg), %Kiil, %Nem degerleri
ve standart sapmalarina ait 112°ser adet
dagilim haritalar1 Sekil 13° de gosterildigi

kullanilmak  iizere  grafik  formatinda
saklanmistir. Bunlarin sonucu, kalite dagilim
grafikleri ile tablosal veriler iliskilendirilerek
yapilacak diger CBS analizlerine imkan

sekilde grafiklenmig, CBS ortaminda saglanmustir.

Cizelge 2. Kalite ve indikator analizlerin birlestirilmis veritabanindan goriinim

< . Olasithik  Isil  Isil Deger % %Kil % %Nem
ID Saga  Yukart Yiiks. Olasilik Hata Deger Hata Kiil Hata Nem Hata Rezerv
1 325150 4243650 968.75 0.98 0.19 1233.00 139.30 12.69 6.49 52.88 7.35 30000
2 325250 4243650 968.75 0.98 0.19 1233.00 145.04 12.69 7.39 52.88 7.58 30000
3 325350 4243650 968.75 0.98 0.19 1220.67 142.10 12.31 7.09 50.76 7.20 30000
4 325250 4243550 968.75 0.97 0.17 1233.00 147.98 12.69 7.25 52.88 7.69 30000
| 325950 4243050 968.75 0.82 0.19 1220.67 151.20 12.31 7.76 50.76 7.52 30000
| 325650 4242950 968.75 0.53 0.15 1220.67 151.20 12.31 7.76 50.76 7.52 30000
! 325750 4242950 968.75 0.55 0.14 1220.67 151.20 12.31 7.76 50.76 7.52 30000
2938878 332850 4247450 1226.25 0.63 0.10 901.32 37.24 23.39 3.95 55.87 2.17 30000
2938879 332950 4247450 1226.25 0.58 0.11  903.40 38.50 23.39 4.94 56.89 2.26 30000
2938880 333050 4247450 1226.25 0.52 0.08 905.73 57.12  23.39 6.04 58.15 3.26 30000
318000 320000 322000 324000 326000 328000 330000 332000 334000
} } } f : - : } : kcal/kg
N ;7
4248000 it ALENDAR L
2100
Kot: 1063.75 m 1900
4246000
1700
1500
4244000+
n {1300
4242000+ BAKRAC
700
4240000+
L1500
/
/ ——1300
4238000+ /@
/¢
318000 320000 322000 324000 326000 328000 330000 332000 334000 100

Sekil 13. 1062.5-1065 m kotlar1 aras1 miimkiin linyit sinirlart ve Isil deger dagilim haritasi

icin, sayisal haritalar tizerinden gorsel olarak

4.3 Veritabani Yonetim Sistemi

Bu Dbolimde, {iretim planlamacilari
agisindan dnem arz eden kriterler olan rezerv
ve kalite dagilimlarmin CBS ile tespitinin
olanaklarina yer verilmistir. Problemin tarifi

tanimlanan veya GPS alicist ile kdse
koordinatlar1 6l¢iilmiis bir alanda, herhangi
bir derinlige kadar kazi yapilmas: durumu
secilerek, boyle bir durumda iiretilecek linyit
miktar1 ve kalite dagilimlarinin istatistikleri
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ile tematik haritalari belirlenmeye
caligilmistir.
Cizelge 2’de verilen veritabani

incelendiginde her blogun indikator degerine
gore linyit olma olasiligi bulunmaktadir. Bu

yaklagimla  veritabani  olasilik  siitunu
istenilen araliklarda siniflandirilip
grafiklendiginde, linyit yataginin ilgili

olasilikta sinirlari tespit edilebilmektedir. Bu
sayede smirlar dahilindeki kalite dagilimlar
da Dbelirlenebilmektedir. Benzer sekilde
istenilen kalite sinif araliklar1 ve kot farklar

arasinda tematik haritalarin
olusturulabilmesi planlamacilara yerinde
karar vermede biiyiik istiinliikler
saglayacaktir.

4.3.1 Rezerv/Kalite Dagilimlarinin Tespiti

CBS ortaminda, kriging teknikleri ile
hazirlamis oldugumuz veritabanlari
kullanilarak, istenilen kot farklar1 arasinda
Isil deger, %Kil ve %Nem verilerinin
tematik  haritalart  olusturulabilmektedir.
Ayrica, ekrandan segilen rastgele alanlar
tizerinden  veritabaninda bulunan  tiim
Ozniteliklerin veya sorgulamalarla
olusturabilecek  diger  veritabanlarinin
istatistiksel bilgilerine ulasilabilmektedir.
Blok hacimlerinin olusturulan
veritabanlarinda birer Oznitelik olarak yer
almasi rezerv miktarlarinin da
hesaplanmasina  olanak  saglamaktadir.
Madencilikte ve o6zelliklede Afsin-Elbistan
Termik santralinde Onem arz eden Kkalite
kontrolii, bu tiirden analizlerle gergek¢i bir

sekilde yapilabilmektedir. Bu amagla
MapInfo 9.0 programi yardimiyla bazi
uygulamalar gelistirilerek asagida
Ozetlenmistir.

Cizelge 2’de wverilen veri tabanm
tablomuz  lizerinden yapilan  kosullu

veritabant analizlerinde, yiiksekligin 930-
1250 m arasinda ve indikat6r verinin 0.8-1,
0.6-1, 0.5-1 arasinda olmasi sartlari aranarak
ii¢ ayr1 sorgu tablosu olusturulmustur (Sekil
14). Elde edilen tablolarin tematik haritalar
hazirlanarak sektér simirlart  dahilindeki
istatistikler sorgulanmus, sektér bazinda
kalite ve rezerve iliskin asagidaki sonuglara
ulastlmustir (Cizelge 3-5).
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Sekil 14. Veritabani analizlerinde aranan
kosullardan bir goriiniim

Cizelge 3. Linyit havzasinin goriiniir rezerv
miktarlar1 ve kalite dagilimlar

Tanimli  0.8-1 Olas. Sin. Isil Deger % %

Poligon (Gor. Rez., ton*) (kcal’kg) Nem Kiil
A Sekt. 1.152.810.000 1082.64 52.56 21.96
B Sekt.  582.120.000 11742 50.79 20.00
C Sekt.  399.240.000 1044.26 51.13 21.57
D Sekt.  184.020.000 1031.15 50.59 21.69
E Sekt.  158.280.000 1113.45 50.70 19.49
Toplam  2.503.950.000 1094.69 51.65 21.24

* Linyit yogunlugu 1.2 ton/m’ olarak alinmistr.

Cizelge 4. Linyit havzasinin muhtemel
rezerv miktarlar1 ve kalite dagilimlar

Tanimli  0.6-1 Olas. Sm.  Isil Deger % %
Poligon (+Muh.. Rez.,ton*) (kcal’kg) Nem Kiil

A Sekt.  1.482.900.000 1090.06 52.53 21.82
B Sekt. 852.900.000 1171.05 50.94 19.95
C Sekt. 537.720.000 1043.06 51.00 21.50
D Sekt.  202.710.000 1028.96 50.53 21.66
E Sekt. 220.230.000 1110.58 50.65 19.46
Toplam  3.327.450.000  1099.61 51.62 21.12

* Linyit yogunlugu 1.2 ton/m’> olarak alinmustir.

Cizelge 5. Linyit havzasinin miimkiin rezerv
miktarlar ve kalite dagilimlar

Tanimli  0.5-1 Olas. Sin.  Isil Deger % %
Poligon (+Miim. Rez.,ton*) (kcal/kg) Nem Kiil

A Sekt.  1.882.680.000  1092.85 52.45 21.76
B Sekt.  1.185.630.000 1166.96 51.02 20.03
C Sekt. 749.520.000 1033.12 50.88 21.46
D Sekt. 253.260.000 1024.97 50.60 21.66
E Sekt. 295.800.000 1104.09 50.52 19.36
Toplam  4.405.140.000  1098.28 51.56 21.07

* Linyit yogunlugu 1.2 ton/m”> olarak alinmustir.
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Benzer mantikla, Kislakdy acik linyit
ocag1 basamaklariin tavan ve taban kotlari,
ekrandan yapilan yiikseklik Olglimleri ile
tespit edilmis, 1. basamagin sinira kadar
tavan ve taban kotlar1 arasinda linyit
iretilmesi sart1 gozetilerek veritabanlari
analiz edilmis, olusturulan tematik haritalar
ile basamak haritalariin  eslestirilmesi
sonucu yapilan istatistiksel sorgulamalar
neticesinde asagidaki sonuglara ulagilmistir

Cizelge 6. Uretim kademeleri boyunca
tavan-taban kotu arasi rezerv ve ortalama
kalite dagilimlar

Tanimli  (Gor.
PoligonRez., ton)*

Tab. TavanIsilDeg % %
(m) (m) (kcal/kg) Nem Kiil

1.Kad. 4.698.750 1182 1161 854.3 53.6 21.5
2.Kad. 13.730.625 1161 1141 991.5 55.7 223
3.Kad. 27.375.000 1141 1119 1052.1 54.5 214
4. Kad. 31.660.000 1119 1102 999.8 53.8 21.0
5.Kad. 28.248.750 1102 1078 1041.6 53.2 20.5
6.Kad. 29.137.500 1078 1057 1042.2 53.2 20.6
* Nisan 2009 yilina ait kademe sinirlart

Sorgulamaya  esas  kalite  dagilim
haritalarinin hazirlanmasi1 amaci ile havza
bazinda 1050-1100 m kotlar1 arasinda, Isil
degeri 1000 kcal’kg’den biiyiik 1500
kcal/kg’den kiigiik alanlar goriintiilenmek
istenmis, yapilan sorgulamalarla olusturulan
tematik kontur haritasi ve istatistikleri Sekil
15°de sunulmustur.

Sekil 15.

1050-1100 m kot farklarinda

1000-1500 kcal/kg arasi kalite dagilim

Afsin -

Elbistan Termik Santralinde

yakilabilecek linyit &zellikleri (Cizelge 7)
baz alinarak yapilan bir calismada ise

havzada
goruntr
(Cizelge 8, Sekil 16)

dogrudan yakilabilecek
rezerv  miktari

linyitin
hesaplanmistir

Cizelge 7. Santrale verilecek linyitlerin
orijinal bazdaki degerleri (TEK, 1992)

Baz kalorifik deger 1050 £ 100 kcal/kg
Ié/églgnum kalorifik 750 keal/kg
lé/éaglglmum kalorifik 1350 kcal/kg

Kiil orani % 8-23

Nem orani % 50-64

Kiildeki CaO Oram % 20-40
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Sekil 16. Termik santralde dogrudan yakilabilecek linyit daglllml.ve istatistikleri
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Cizelge 8. Santralde dogrudan yakilabilecek
linyitin gorliniir rezerv miktari
0.8-1 Olasilik
Sinir
(Goriiniir
Rezerv, ton*)

Tiim Havza 1.105.080.000 1095.89 53.32 18.57
* Linyit yogunlugu 1.2 ton/m’

Tanimlanan
Poligon

Isil Deger % %
(kcal’kg) Nem Kiil

Veritabani yonetim sistemleri ile yapilan
kosullu analizler ile elde edilen grafikler ve
tanimlayici istatistikleri neticesinde maden
yataginin iiretim planlamasi agsamasinda veya
tiretimiyle eszamanli olarak, sayisal karar
vermede kolaylik saglayacak ¢ok sayida
bilgiye ulasilabilmektedir. CBS’nin benzer
bircok uygulamaya imkan sagladig,
yapilacak  sorgulamalarin ~ boyutlarinin
kullanilan veritabanlarmin giicli ile paralel
oldugu soylenebilir. Bu  veritabanlari
sayesinde tiim haritalar ayni programda,
birbirleriyle karsilikl1 olarak
kullanilabilmekte, tek baglarma ya da
birbirleriyle karsilastirilarak
degerlendirmeler yapilabilmektedir.

5 SONUCLAR

Madencilik faaliyetlerinde CBS kullaniminin

arastirtlmasina yonelik yapilan bu ¢aligma ile

madencilik  faaliyetlerinde  kullanilan
verilerin bircogu diizen igerisine oturtularak
erigilebilirlikleri artirilmistir. Bu sayede de
madencilik faaliyetlerini yerine
getirilmesinde optimum kararlar verebilmek,
maden faaliyetlerini bir biitiinlik icerisinde
irdelemek, madenlere ait konumsal ve
konumsal olmayan verilerin iligkilendirilip
gerekli sorgu ve analizlerin yapilmasina
olanak saglanmustir.

Bu tiirden bir ¢alisma ile ayrica;

* {iretim planlamasinin yapilmasina,

* maden kazalarinin ocak haritasinda
igslenmesi ve bu haritadan yararlanilarak
olasi risk haritasinin elde edilmesine,

= personele ait veri tabaninin
olusturulmas1 ve personelin calistig1
boliimler ile iligkilendirilmesine,

= ocak ile ilgili istenilen her tiirlii tematik
haritanin hazirlanabilmesine,
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= madene ait her tiirli degisim ve

Olciimlerin  bilgisayar ortaminda  kisa
zamanda giincellenebilmesine olanak
saglanabilmektedir.
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Ultimate Pit Limit Design on Base of Sustainable Development
Criteria

N. Adibee, M. Ataeepour
Amirkabir University of Technology (Tehran Polytechnic), Tehran, Iran

ABSTRACT Sustainable development is the concept that plays important role in business
and industry of the 21st century. In recent years, the concept of sustainability and sustainable
development has been successfully extended to mineral resources, but there are few attempts
to consider this concept in the Ultimate Pit Limit (UPL) design. The determination of UPL is
the first step in the open pit mine design and planning process. There are several
mathematical, heuristic and meta-heuristic algorithms to determine UPL. The optimization
criterion in these algorithms is the maximization of total profit. Few models integrate some
aspects of mining reclamation benefit and cost in the UPL design. However, there is not any
comprehensive method for UPL design on base of sustainable development consideration.
This paper provides a model for UPL designing based on sustainable development criteria.
Based on this model, it is possible to integrate the sustainable development issues in UPL
design.

1 INTRODUCTION

The main issue in design of open pit mines is
that of determining the optimum ultimate pit
limit (UPL) of a mine. Based on common
definition, the UPL of a mine is that contour
which is the result of extracting the volume
of material, which provides the total
maximum profit whilst satisfying the
operational requirement of safe wall slopes.
The ultimate pit limit gives the shape of the
mine at the end of its life. Optimum pit
design plays a major role in all stages of the
open pit life such as feasibility study stage,
operating phase and end of a mine’s life. The
UPL problem has been efficiently solved
using the Lerchs-Grossmann graph theoretic
algorithm or Picard’s network flow method.
These methods are based on the “block
model” of an orebody.

Determination of UPL on base of profit
maximization does not coincide with
sustainable development issues. However, if

one tries to consider sustainable
development in the UPL determination, he
must take into account the other aspects of

sustainable  development  other  than
economic aspects.
In 1987, the Bruntland Commission

defined the sustainable development as a
“system of development that meets the basic
needs of all people without compromising
the ability of future generations to meet their
own life-sustaining needs” (United Nations,
1987). In the mine design, "sustainable
development" is used since interchangeably
with  "environmental —management" or
"environmental protection". In such cases,
there is the propensity to resolve only one
type of problem — environmental
deterioration —  while ignoring the
importance of economic and social goals,
two equally important pillars of sustainable
development [Hilson, 2000]. For example
Burgher and Erickson (1984) showed how,
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through the use of a heuristic model
involving reclamation cost requirements,
linear  programming can  contribute
worthwhile information to the mine planner.
Caccetta and Keley (1987) declared there are
two basic requirements of mine site
rehabilitation: (i) that the site is safe, stable
and non-eroding at the end of the life of the
mine; and (ii) pollutants such as acid-
producing waste must been buried and been
capped with impermeable material. They
developed a mathematical formulation of the
mined land surface reshaping problem (the
first requirement).

King (1998) shows how rehabilitation and
closure costs of mines impacts the
production rate and cut-off grade strategy for
a mining operation. Rashidinejad et al
(2008a) developed a model for optimum cut-
off grades that not only relies on economical
aspects but also minimizes adverse
environmental impact in the form of acid
mine drainage elimination or mitigation
against the approach of postponing the
restoration/reclamation activities at the end
of the project’s life. Rashidinejad et al
(2008b) developed another  useful
methodology that maximizes the profitability
of a mining project and minimizes its
adverse environmental impacts
simultaneously. The acid generating
potential of waste materials and tailings in
each alteration zone can be estimated by
laboratory and in-situ tests. They developed
a modified cut-off grade model with the
concept of elimination or reduction of the
AMD in the original place. Four coefficients
that discriminate between acid generating
and non- acid generating waste material and
tailings incorporated into the Lane’s model
to ensure optimality of cut-off grades.
Gholamnejad  (2009)  inserted  mine
rehabilitation cost into the optimization
process and a new mathematical model
developed based on Lane’s method. Results
of the application of this method show that
considering rehabilitation cost can decrease
the cut-off grade. Dogan et al (2009) studied
the effects of different block size on reserve,
waste amount and distributions of chemical
component such as %Ca0O, %MgO in quarry
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located at Darica, Istanbul. Scenarios with
different block dimensions created by
integrated mining software namely Surpac
6.1 and were compared. Effects of different
blocks on reserve, waste amount, chemical
distribution, and estimation of quality of

cement raw material were determined.
Gholamnejad and Mojahedfar (2010)
developed a mathematical model for

determination of the largest pit with the non-
negative net profit in the open pit mines.
They declared this strategy can increase the
life of mine which is in accordance to the
sustainable development principals. Craynon
and Karmis (2011) declared that By utilizing
geographic information system (GIS) tools
to evaluate available data on environmental
and social resources, the regulatory barriers
which prevent operations from incorporating
ecological and other sustainable
development concerns into coal mine
sustainability performance were identified.
By analysis of the on-the-ground issues
related to sustainability, the key parameters
to be incorporated into an optimized coal
mine design in Appalachia are discussed
along with possible changes to the
regulatory framework that would enhance
incorporation of sustainability into coal mine
design. Ataeepour et al (2012) developed a
mathematical model for determination of
UPL with simultaneous maximization of
profit and ore content. They introduce a new
characteristic ~of deposit that named
“potential of extension” that is a guide for
designer for UPL selection on base of
resource efficiency and profitability.

2 UPL DETERMINATION ON BASE
OF SUSTAINABLE DEVELOPMENT
ASPECTS

2.1 General description

As above-mentioned, there general
method for UPL determination is on base of
profit aspect and there is no consideration on
sustainable development aspects. We try to
develop a method for captioned subject.
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Figure 1 shows the procedure of the
proposed method.

There are three objectives on the base of
sustainable development concepts:

1. Maximizing social benefit

2. Maximizing economical benefit

3. Minimizing environmental impact

In this paper, a three-objective model is
developed to maximize the economic and
social benefits and minimize the negative
environmental impacts of the selected UPL.
Table 1 gives a summary of the sustainable
development indicators applied for UPL
determination.

Determination of
UPL o srcts UPL,
and determination of
Sustainable development UPla v caranre™PLy

Indicators I

Determine the
Intermadiate pits

1

Scaring the pits
(UPL,, UPL, ., UPL )

1

Selection of best UPL

Weighting of indicatoes

Figure 1. The procedure of UPL
determination based on sustainable
development indicators

Table 1. Sustainable development indicators

Reclamation cost
Environmental | Land use
Indicators Stripping ratio (w/o)
Specific energy used
Mine life (year)
Social Safety
Indicators Resource efficiency
Ore content
Economical Profit
Indicators ore unit value of the pit
The amount of these parameters

(indicators) is determined for each possible
UPL. Then the rate of these indicators is
calculated for each case according to the
characteristics of each possible UPL. The

rate of each indicator is calculated through
equation 1.

X
I, =

i X i min (1)
xi,max _xi,min

For those indicators with negative impact,
equation 2 is applied to calculate the rate.

[, =ity @)

X max =X i min

Where [, is the rate of indicator i for the
pit j, x,, x,.., and x, . is amount of
parameter (indicators) i for the pit j,
maximum amount of indicator i and
minimum indicator i, respectively.

Afterword, considering the principles of
sustainable  development, one  must
determine the importance and weight of
these indicators (w, 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).

Sj. = Zw[x, , J indicates each pit 3)

Where S, is the final score of the pit j.
Using the scores, one could determine the
ranking of pits, and select a pit with the
highest score. Next section provides an
example to show the applicability of this
procedure.

2.2 Example

In this section, the procedure described
earlier is applied in an example to show the
effectiveness of this method to determine a
pit limit according to  sustainable
development requirements. Consider the
block model given in figure 2.

If the price of the product is 80 units, and
the cost of mining and processing is 4 and 12
respectively, then one could determine the
block economic values and economic block
model (figure 3).

The mathematical model of UPL
determination is given as equations 4-6.
Equation 4 is the objective function and it
tries to maximize the ore content of the pit.
Equations 5 and 6 are constraints of the
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model. Equation 5 defines the slope Max ORE =3"%"b,T, 4
requirements and equation 6, makes sure that i
the profit of the pit is more than the Subject to:
minimum required.
0 D 0 g 0 a 0 0 0 0 a a 0 0 0 O a 0 0 D 4]
0 0 0 0 0 0 0 0 |0.2a|{027|023| O 0 0 0 Q Q0 0 0
) o 0 0 0 0 0 |056|043|047] O 0 0 ¢ 0 0 0
0 0 0 0 0 0 |038|038)06| O 0 0 o Q 0
0 0 0 0 0 |0.28f01a|023] O 0 0 0 a
) 0 o ¢ |0.28|045(/031] O 0 0 o
0 0 0 |032{031|058] O o 0
0| 0 |036|027|024] D | ©
0 _|026]032]033] 0
0.25] 04 |0.35

Figure 2. A sample 2D block model with a vertical deposit
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2| 4| -4|10[93 3127 4| <] -4
4| .4 132 se[323] 2] 2
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Figure 3. Economic block model of sample given in figure 1
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ij i+,

b, b, ., <0 (5)

i+l,j i+l,j+1

ZZbijBEV,.j >P, (6)

i

Where b, is the block located at row i and
column j, 7, is the amount of ore in block b, .
BEV, is the block value of and P, is the
minimum required profit. By changing the
amount of P,, it is possible to determine a
pit limit that provides the maximum amount
of ore with the given amount of profit.

One must first determine the UPL of the
mine with the objective of profit
maximization (This pit is called UPL1).

Then setting P, equal to zero, one could
define a pit with the maximum ore content
and a profit of approximately zero. Then the
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amount of P, is set equal to profit of the
UPL with the highest profit (This pit is
called UPLn). Solving the model, one could
determine the pits with highest profit and
with the highest amount of ore content and a
profit of approximately zero (figure 4).

Afterward, by increasing the amount of P,
in 5% steps (5% of the maximum profit), it
is possible to determine a set of intermediate
pits. The description of the intermediate pits
such as mine life and ore content of each pit
is depicted in figure 5.

Applying the model in equations 4-6, one
could reach for 9 distinct UPL. UPL1 is the
one with highest profit, and UPLn or UPL9
is the one with the highest amount of ore
content and a profit of approximately zero.
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Figure 4. UPL of the sample block model in Figure 1
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Figure 5. Description of intermediate pits

Table 2 provides the amount of indicators
for each pit. using equation 1 and 2 one
could calculate the amount of indicators for
each case.

Then, the decision maker must provide the
weight of importance of each indicator. This
is a case dependent process and it also
depend on the decision makers priorities.
Using equation 3, one could determine the
final score of the pits. Figure 6 shows the

Table 2. Amount of indicators for each pit

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

ne
i
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4
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i
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Figure 6. Final score of the pits

Considering the final scores, it is obvious
that UPLS is the one with highest score,
therefore UPLS5 is selected as the final pit
(figure 7). UPLS is between the pit with the
highest profit and the pit with the highest ore
content.

pit UPL1{UPL2[UPL3{UPL4{UPL5[UPL6{UPL7[UPL&[UPL9
1| Reclamation cost 1 10.73]0.55/0.50]0.360.32]|0.180.14]0.00
2| Land use 0.00{0.20]0.40]0.50|0.60|0.70 | 0.80 | 0.90 | 1.00
3 | Stripping ratio (w/0) 1 10.7810.44[0.44]0.41]0.25]/0.21]0.05]0.00
4| Specific energy used 1 10.25[0.49]0.33/0.180.20]0.20{0.02]0.00
5| Mine life (year) 0 10.16/0.33]/0.42]0.53]0.63]0.75]0.87|1.00
6 | Safety 1 10.67/0.50/0.50/0.33/0.33/0.17/0.17/0.00
7 | Resource efficiency 0 10.20]0.33]0.470.60]0.67|0.80]0.87|1.00
8 | Ore content 0 10.20]0.33]0.470.60]0.670.80]0.87|1.00
9 | Profit 1 ]0.932]0.887]0.858]0.756|0.577|0.397|0.134] 0
10| ore unit value 1 ]0.697|0.567|0.479]0.374/0.271]0.168]0.055] 0
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Figure 7. UPLS

3 CONCLUSION

Sustainable development is consisted of
three major issues including Economic,
Environmental, and Social issues.
Determination of UPL with the highest
profit, may not coincide with sustainable
development issues. Therefore, in this paper
a procedure is introduced to determine a pit
limit for open pit mines that meets all
sustainable  development issues. The
procedure is tested on a 2D block model and
the result shows that this approach is quite
applicable to determine the UPL of open pit
mines  considering  the  sustainable
development issues.

REFERENCES

Ataee-pour ,M.; Rahmanpour, M.; Adibee, N.; 2012,
Ultimate pit limit optimization with simultaneous
maxizimation of profit and ore content, 4™ Iranian
mining conference, Tehran, Iran

Burgher, E., K.; Erickson, E.; 1984, “The optimization of
coal mine production schedules using linear
programming. an example that determines the effects
of reclamation costs and interest rates”, Mining
Science and Technology, 2 (1984), pp. 69-78

Craynon, J.; Karmis, M.; 2011, Optimizing coal
mine design for sustainable development at large
surface coal mining operations in Appalachia, In:
Aachen  international  mining  symposia;
Sustainable development in the mineral industry
(SDIMI), Germany

Coccetta, L.; Kelset, P., 1.; 1997, Models for mine
site rehabilitation, International conference on
modeles and simulation, pp.2155-2160

Dogan, T.; Bascetin, A; Sertabipoglu, Z.; 2009, The
Effects of Changing Block Size on Ore Quality
Control and Environmental Impacts, Proceedings

110

of the Eighteenth International Symposium on
Mine Planning and Equipment Selection (MPES
2009), Alberta, Canada

Gholamnejad, J.; 2009, Incorporation  of
rehabilitation cost intothe optimum cut-off grade
determination, The Journal of The Southern
African Institute of Mining and Metallurgy,
Volume 108, pp.8§9-94

Gholamnejad, J.; Mojahedfar, A.R.; 2010,
Determination of the largest pit with the non-
negative net profit in the open pit mines, Journal
of Mining & Environment, Vol.1, No.2, PP.45-52

Hilson, G.; 2000 , Sustainable Development Policies
in Canada’s Mining Sector: An Overview of
Government and Industry Efforts, Environmental
Science & Policy 3 (2000) 201-211

King, B.,M.;1998, Impact of Rehabilitation and
Closure costs on Production Rate and Cut-off
Grade Strategy, application of computers and
operations research in the mineral industry
(APCOM), 13 pages, London, UK

Rashidinejad, F.; Osanloo, M.; Rezai, B.; 2008a, 4An
environmental oriented model for optimum cut-off’
grades in open pit mining projects to minimize
acid mine drainage, Int. J. Environ. Sci. Tech., 5
(2), pp-183-194

Rashidinejad, F.; Osanloo, M.; Rezai, B.; 2008b,
Cutoff Grades Optimization with Environmental
Management; a Case Study: Sungun Copper
Project, TUST International Journal of
Engineering Science, Vol. 19, No.5-1, 2008, pp.
1-13

United Nations, 1987. Report of the World
Commission on Environment and Development:
Our  Common  Future.  Available  at:
http://www.un-documents. net



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

Efficient Real Time Stability Monitoring of Mine Walls: The
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ABSTRACT Slope monitoring radar has emerged in the last ten years as a leading edge tool
for monitoring movements in open pit mines, thanks to the ability to rapidly measure wall
movements with millimetric accuracy over wide areas in any weather conditions. IBIS-M is
an innovative interferometric radar able to provide high spatial resolution, long working
distances and fast acquisition time. The first IBIS-M unit deployed in Turkey was installed in
2011 at the large lignite open pit Collolar Mine operated by Park Teknik. The geotechnical
staff has now 24/7 real time monitoring of the slope stability with a wide coverage on the pit
walls with the capability to detect the onset of wall movements far before the occurrence of
failure, thus increasing the safety standards and productivity of the mine. The IBIS-M
monitoring experience at Collolar mine is presented in this paper.

1 INTRODUCTION

In surface mining industry a comprehensive
slope monitoring program, aimed at
managing potential large-scale instabilities
and able to detect at the same time local
scale movements, should represent an
integral part of every effective slope
management system. Among all the
parameters to be considered and included in
an effective slope monitoring program
displacements, either surface or sub-surface
components, play a crucial role. In fact, in
open pit mines large failures are usually
preceded by small scale slope movements,
sometimes limited to few centimeters of total
displacement and typically characterized by
temporal evolutions ranging from several
hours to several weeks.

The capability of providing advanced
notice over the whole slope of impending
instability conditions, through the accurate
and timely measurement of precursor to
slope collapses clearly represents an
outstanding benefit for the staff of the pit

involved in  the risk
management.

The use of slope monitoring radars in
open pit mines is today a standard practice
for active monitoring of the pit walls. Radar
units are effectively used to get a better
understanding of the spatial distribution of
slope movements and for the provision of
alerts in the event of progressive movements
that can potentially lead to slope failure, thus
aimed at assessing the safety of workers and
increase the mine productivity.

Radar technology presents the advantages
of high accuracy of the measurements, long-

geotechnical

range capabilities, limited impact of
atmospheric artifacts on the measurement
performances, and possibility to

simultaneously acquire the response over a
large number of points without the need to
install artificial reflectors on the slope.

Slope monitoring radars are based on the
radar  interferometry, a  well-known
technology originally developed for satellite
applications in order to retrieve ground
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displacements related to natural hazards
(Rosen et al. 2000, Antonello et al., 2004;
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  experienced
significant improvement thanks to the
introduction of a different interferometric
radar technology, such as Ground-based
Synthetic Aperture Radar (SAR), able to
overcome some of the limitations of dish-
antenna technology, by providing higher
spatial resolution, longer working distances
and faster acquisition time.

A SAR system is characterized by a
limited number of moving parts, being
composed by a radar sensor with a couple of
small horn antennas that illuminate the
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
radar are presented.

The high spatial resolution of IBIS-M is
an important added value for open-pit
applications, since it means higher
sensitivity to slope movements and
capability to detect smaller areas of failure,
especially for sub-bench or bench-scale
failures. The typical resolution cell of IBIS-
M is be of 0.5 m x 4.3 m at 1 km monitoring
distance, thus allowing the detection of a
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4m® rock boulder even at more than 1 km
scan range (Fig. 1).

EAHIE ATMGUTICN MEFLH NERLE ROLORE

AT ST
S
MULTIAIRGH SCALD

FAILATH L

FiTTA AR
SLALE FALLFES

e, MADAN
.

FIF BTG

Figure 1. IBIS-M is able to cover the full
scales of slope instability from sub-bench to
overall slope failure. In blue the radar
coverage and the range-resolution cells.
(modified from Read &Stacey, 2009).
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3 COLLOLAR MINE CASE STUDY

Collolar Mine is a large coal mine, located
in the Kahramanmaras district in Southern
Turkey, to the North pof the towns of
Elbistan and Afsin and operated by Park
Teknik (Fig. 2).

-y

Figure 2. Location of the Colldlar Open Cast
Mine

The box cut of mine is 2.3 km long and
and 1.5 km wide (Fig. 3). The elevation of
the mine is approximately 1.180 m a.s.1.

In February 2011 two catastrophic mass
movements occurred at the mine site. As a
consequence of these events, the overall
slope angle in the Application Mine project
was decreased from 16° with an overall
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stripping ratio of 2.28:1 to the current 14-
15° with stripping ratio 3.614:1.

Figure 3. Aereal view of Collélar 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 been
successfully operating for two years,

guaranteeing 99% availability for around the
clock active and background monitoring of
the pit walls.

3.1 Geological and Geotechnical
Background

3.1.1 Geological Backround

According to Yoriikoglu (1991) the Elbistan
basin takes its name from the nearest
Elbistan city. The Elbistan basin covers an
area of 900 km® with a mean elevation of
1.200 m a.s.l. Afsin Elbistan Lingite Field
bed formed during the rise of  Toros
Mountains after Alpine Orogenic Phase. The

base of the region is a Permo-
Carbonifierious old limestone.

Neogen lithologies are given, from
bottom to top:

e Limestone Formation (possible
confine aquifer)

e Bottom Clay: Greenish, bluish-plastic
clay and marls of lignite bottom,

e Lignite zone with transitive layers of
coal and gyttja

e Gyttja

e Greenish, blue, plastic clay, loam and
marls of lignite top

The Geological map and stratigraphic
sequence are shown in Figure 4.

— . -
o= B  sew
- - saw
- -
——— -wu-

Figure 4. Collolar Coal Field Formation and
thickness. Apdated from Ural and Yiiksel
(2004)

Gyttja is the most important geological
formation which is composed of gastropod
fossils, plant residues and humus content.
Gyttja seam dips 5-10° towards SE with an
average thickness of about is 40-50m.

It is interbedded in the main coal seam as
a very thin layer. Above the main coal seam,
gttja starts with Gyttja with coal, Gyttja with
humus, Gyttja Clayey and Calcaceours
Gyttja. Gyttja formations disappears toward
the north and north east.

Hydrogeology of the Elbistan basin is very
complex. To re-evaluate and verify the
hydrogeological parameters, special
pumping tests were realized in 57 different
wells (main  well and  groundwater
monitoring wells). According to the test
results, there are 8 main aquifers, from top to
bottom (MBEG, 2012):

- Gravel

- Clay

- Gyttja

- Gyttja with Coal

- Calcareous Gytta with Coal

- Coal

- Green Clay

- Limestone

13
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Gyttja, Gyttja with Coal and Calcareous
Gytta with Coal are very crucial aquifers for
the basin. Water content of the gyttja series
are very high, On the contrary, permeability
of Gyttja series is very low and water
trapped locally in the pockets of gyttja
behaves as a pressurized aquifer. The
limestone acts as a confined aquifer and
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 from
this test campaign are listed in Table 1.

Table 1. Principal Geotechnical Parameters
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3.2 Analysis of Radar Data

Shortly after the two mass movements of
February 2011, a slope monitoring network
was implemented to detect possible further
slope movements.

The current mine monitoring system
consists of two robotic total stations and one
IBIS-M unit.

14

Total stations involve two reference

locations and nine prisms.

Figure 5 shows the planimetric view of
the pit with the locations of IBIS-M radar
and total stations.

— 1 -

Figure 5. Planimetric view of Colldlar mine.
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.

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

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

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

e Not possible to measure movements in
real-time  necessary  for  critical
monitoring.

These limitations are overcome by slope
monitoring radar, which ensures sub-
millimetric accuracy, operability under all
weather conditions and real-time active
monitoring with customizable alarming
capabilities.
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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 2
km (Fig. 6).

Figure 6. IBIS-M installation at Colldlar.

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

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

June 2011 — July 2011

July 2011 — September 2011

October 2011

November 2011

January 2012

December 2011

Figure 7. Monthly cumulative displacement
radar maps covering the period from June
2011 to January 2012, highlighted in red the
areas of movement.
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Area 3 and Area 4 show a similar
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 exceeds
2.4m.

These movements occurred as a consequence
of the following factors:

e Bench height and steep bench angle
consequence of the two landslides in
February 2011 (bench height: 50m
and bench angle close 90°).

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

e Bad weather conditions (rainy and
snowy season)

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.

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
risk associated to the rescue operations. In
fact, according to the radar data, the rescue
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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Figure 8. Displacement time series relative
to Area 3, Area 4 and Area 6 over the period
June 2011 — January 2012
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4 FINAL REMARKS

Slope monitoring radar represents today a
standard practice for real-time monitoring of
slope displacements in open-pit mines. IBIS-
M is based on the SAR technique that
ensures the highest resolution and longest
operating distance available today. By
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.

Collolar 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 Algorithm for Pit Limit and Blending Optimization
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ABSTRACT Pit limit is the set of those blocks that are profitable to be exploited by open pit
mining methods. In traditional pit limit optimization techniques, one cannot take into account
the requirements of blending. Some commodities such as iron ore, coal, limestone, and
industrial minerals need to be blended to provide a product that suits consumer’s
requirements. In this paper a combination of genetic and pit design algorithms is used to
determine the pit limit of an open pit mine considering the blending requirements. The
approach uses a self-adaptive differential evolution algorithm (jJDE) to selects those blocks
that meet the blend requirements, then modifies the block values, and determines the pit
limits. The resulting pit is a set of those blocks that are profitable to be exploited and blended

by open pit mining.

1 INTRODUCTION

Developing a ‘Geological block model’ is
the first step in computerized mine planning.
In order to construct the Geological block
model of the deposit, the ore deposit or the
orebody is divided into fixed size rectangular
part which is called a ‘block’. The size of
blocks depends on the exploration drilling
pattern, orebody geology and the size of
mining equipment. After determining the
block dimensions, geological characteristics
of each block are assigned using inverse
distance, geostatistical methods, conditional
simulation or other available techniques.
This set of blocks which is based upon level
of geological knowledge and confidence, is
called a ‘Geological block model’. Then,
using economic data (selling price, operating
costs, recoveries, mining and processing
costs), the economic value of each block or
"Block Economic Value" (BEV) will be
calculated. The block model containing the
BEVs is called "Economic block model".
The aim of mine planning is to determine
whether a given set of blocks should be

mined or not, if so, at which time it should be
mined, and once it is mined, how it should
then be processed, to maximize the net
present value of the operation (Dagdelen,
2007).

Determining the final pit outline is the
initial step of mine planning. It determines
the set of blocks with the highest profit,
which could be exploited by open pit mining.
The solution to the final pit limits problem is
usually used to justify the project
economically and it is also a guide to the
mine planner to locate the mine site facilities.
There are many methods introduced by
researchers to determine and optimize the
ultimate pit limit (Newman et al. 2010).

Before applying any of the pit limit
optimization techniques, BEVs should be
calculated through this formula:

BEV = (metal content) X price x recovery 1
- processing costs - mining costs
Equation 1 is true when it is applied to
mineral such as gold, copper, and diamond.
When it comes to mineral like iron ore, coal,
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limestone and some other industrial minerals,
this formula cannot be applied to evaluate
the economic value of blocks. The reasons is
that, the aim of mining the latter group of
minerals (i.e. iron ore, coal, limestone), is to
achieve a predetermined quality, and the
price obtained for blended ore is constant
and it does not depend on the quality of each
individual block. In fact, there are various
blocks with different qualities and ore-types
which must be blended to produce a
marketable  product with regard to
consumer’s targets. Ore-types are assigned
on the basis of ore grade and contaminants.
The solution to the problem of how to
generate an optimal pit which contains an
optimal mix of ores blocks is a combined
operation of pit and blend optimizing. The
aim of combined pit and blend optimizing is
to produce a pit which yields different ore-
types in such quantities that the sum of the
profits of mining and blending operation is
maximized.

Mol and Gillies (1984) take the
advantages of grade-tonnage curve to
determine a cut-off grade in iron ore
deposits, in accordance with the blend
requirements. The main drawback of the
approach is that it does not optimize the pit
design. This technique may also lead to
abandoning of some low grade blocks with
low impurities, which might be included in
the blended product.

Srinivasan and Whittle (1996) developed a
heuristic method to combine pit and blend
optimization. Their method iteratively
changes the price of each ore type until the
quality of ore types mined is equal to the
blending requirements.

Osanloo and Rahmanpour (2012)
developed an approach based on a
combination of Binary integer programming
(BIP) and network flow. In this method,
those blocks that meet the blending
requirements are selected using BIP. Then
applying maximum flow technique, the final
pit limit of the mine considering blending
options is determined. This approach
iteratively uses BIP to select the ore blocks
that meet the blending requirements, which
is quite time consuming. Therefore, there is a
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need for some fast algorithms in order to
optimize the blending and pit design. This
will enable the planner to compare any
blending options to select the most suitable
and profitable case.

Section 2, briefly reviews the available
methods for open pit design. Section 3,
provides a general mathematical model for
blend optimization. In section 4, the
combined approach introduced by Osanloo
and Rahmanpour (2012) will be described.
Then a self-adapting differential evolutionary
algorithm is  developed for  blend
optimization. The proposed algorithm is
applied to determine the final pit limit for
Gol-E-Gohar iron ore mine which is
discussed in section 5. Section 6 gives the
final remarks of the paper.

2 PIT OPTIMIZATION

The aim of pit optimizing is to designs a pit
in which (1) pit slope constraints are obeyed,
and (2) total value (profit) of the pit is
maximized. Pit value is the summation of
those block-values that are included in the
final pit. BEVs are normally calculated via
equation 1. After the calculation of BEVs
and developing an economic block model,
the ultimate pit limit of the mine can be
determined. Various techniques are available
to determine the ultimate pit limit. When the
ultimate pit limit is determined it means that
the value of ore blocks (income) can pay the
costs of removing the overlaying waste block
(costs). Inside the pit limit, mining
operations is economic with the highest
profit, and outside the pit limit, open pit
mining is not likely to be profitable.
Optimum pit design methods are divided
into Heuristic and Rigorous methods (Kim,
1979). Heuristics are short cuts to solve the
ultimate pit limits problem and heuristics
such as moving cone technique are not likely
to determine the optimum solution of the
ultimate pit limit problem. On the other
hand, these methods are easy to implement
but it should be noted that they lack the
rigorous mathematical proof. Pana (1965)
introduced the moving (floating) cone
technique. This technique creates a cone for
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every ore block and searches for any cone
with positive value. Korobov (1974)
attempted to improve the Pana’s moving
cone method (Kim, 1979).

Lerchs and Grossman (1965) used the
concept of dynamic programming and they
introduced their  well-known two-
dimensional algorithm in order to find an
optimum pit limit (Lerchs and Grossman,
1965). Later, Johnson and Sharp (1971) used
this idea in order to design a 3Dimensional
pit. Koenigsberg (1982) used dynamic
programming to find a 3Dimensional
optimum pit limit. It was also Lerchs and
Grossman (1965) who introduced the use of
graph theory in optimum pit design (LG
algorithm). They converted the block model
of the mine into a graph and determine the
ultimate pit limits by solving for the
maximum closure of the graph. Zhao and
Kim (1992) used this idea with some
modifications and they claim that their
method is simpler and faster than the LG
algorithm. Tolwinski and Underwood (1998)
used the concept of graph theory and
mathematical programming and solve the
dual form of the ultimate pit limit problem.
The concept of linear programming in pit
limit design problem was first used by Meyer
(1969). He made so many hypotheses in his
work which results in a non-optimal solution.
Huttagosol and Cameron (1992) dealt with
pit design as a transportation problem.

Pit parameterization is another method
introduced by Matheron (1976). In this
method instead of directly searching for the
pit limit, a parameterization function is
determined. Denby and Schofield (1994)
combine the pit limit determination and
production planning using genetic algorithm.

Network flow and maximum flow
algorithms are other methods for solving the
ultimate pit limits. Johnson (1969), Picard
(1976), Giannini (1991), Yegulalp et al
(1992) and Hochbaum and Chen (2000) used
the algorithms of maximum flow to
determine the pit limit. Hochbaum and Chen
(2002) have extended the  recent
improvements in network flow algorithms
into the LG algorithm (Muir, 2004).

Newman et al. (2010) provided a thorough
review of pit design algorithms.

The traditional open pit optimization
algorithms are affected by the uncertainty in
key input parameters, leading to suboptimal
solutions and deviations from production
plans. Whittle and Bozorgebrahimi (2004)
developed the concept of hybrid pits to
determine the ultimate pit limit in the
presence of grade uncertainty. In this
approach, conditional simulation and LG
algorithm are combined, and using set
theory, it leads to the creation of pit outlines
with quantifiable degree of risk. The hybrid
pits can be used as design guides to avoid the
higher uncertainty in early stages of a mine
development. Meagher et al. (2009)
combined conditional simulation and
maximum flow theory to determine the
ultimate pit limit and push back design in the
presence of grade and price uncertainty.
Osanloo et al. (2009) take the advantage of
real option to determine the ultimate pit
design, in the presence of price uncertainty.

The algorithms, developed in the presence
of uncertainty are beyond the scope of this
paper. In all the algorithms developed to
determine the ultimate pit limit, it is assumed
that, BEVs are calculated correctly. It should
be noted that, the BEVs of the blocks
blended to be marketable are the same.
However, pit optimization techniques do not
deal with the blending issues.

3 BLEND OPTIMIZATION

Different objective functions can be defined
and used for blend optimization, such as, (1)
the total tonnage of blended ore is
maximized,  while  satisfying  grade
constraints, and (2) the cost of producing a
unit of blended product is minimized by
determining the ratios in which ore-types
should be used, given a unit cost for each
ore-type, and satisfying grade constraints of
final product.

The mathematical model to maximize the
total tonnage of single blended product is
presented in equations 2-5. In this model it is
assumed that there is just one final blended
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product that must be produced from the
mine.

MaximizeT :;Xbxb @
Subject to:

z(igh +Gmin )Xb < 0 (3)

beB

;(z‘m; —iml, )x, <0, i =1, @

xbe{O,l},Vb eB )

In this model, 7 is the total tonnage of
final blended material to be maximized, b is
the block identifier, and B is the set of
potential ore blocks in the block model. X,
is the tonnage of material in block b, and x,
is the decision variable. If x, is equal to 1,
then block b is included in the blended
product, and if x, is equal to 0, then block b
is not included in the blended product and it
will be treated as a waste block. g,and G,
are the grade of material in block b, and
minimum allowable grade of final blended
product respectively. n,, ,im,, and im!  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 are
binary.

The model presented in equations 2-5,
selects a sub set of potential ore blocks that
meets the blending requirements, and it does
not consider the final outline of the mine (pit
limit). The set of the selected potential ore
blocks is the input of the pit optimization
algorithms. The values of the potential ore
blocks are assigned to be equal to the value
of the final product, and those ore blocks that
are not selected for blending are treated as
waste blocks. Then it is possible to determine
BEVs and the ultimate pit limit. In the next
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section the approach to combine pit and
blend optimization is presented.

4 PIT AND BLEND OPTIMIZATION

There are a number of pit design algorithms
which is discussed in section 2. These
algorithms require that the BEV of each
block to be determined prior to applying the
algorithms. In order to determine the BEV of
the blocks, one needs to first select the set of
blocks that can be blended. Then the BEV of
these blocks is set to be equal to the value of
final product. After this, one could apply any
available methods to determine the ultimate
pit limit (UPL). Figure 1 presents the
procedure of determining the ultimate pit and
blend limit according to Osanloo and
Rahmanpour (2012).
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Figure 1. The procedure of determining the
ultimate pit-blend limit

According to figure 1 the steps of
determining the ultimate pit-blend limit is as
follow.

Step 1) The potential ore blocks are
selected from the block model based on
characteristics such as rock type and ore
grade. The set of these blocks are named S.

Step 2) Set S is fed into the blend
optimizing model to identify and select those
block  which  satisfy the  blending
requirements. The set of those blocks that
meet the blending requirements are called
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BS. The mathematical model of blend
optimization is given in equations 2-5 and a
self-adapting differential evolution algorithm
will be introduced to solve the blend
optimization model.

Step 3) The BEV of those blocks included
in set BS are assigned to be equal to the
value of the final product. Those block that
are not a member of BS are waste blocks and
their BEVs can also be calculated.

Step 4) A UPL optimizing algorithms will
be applied to determine the set of blocks that
are economically profitable to be exploited
be open pit mining. The sub set of BS which
is inside the UPL is named PS.

Step 5) In this step it should be checked
that if the blocks in set PS, satisfies the
blending requirement. Then, the UPL
determined in step 4 is the optimum pit limit
that satisfies both blending requirements and
pit design constraints. If not, those blocks
that are not profitable to be exploited by
open pit mining are removed from set S, and
the procedure repeats from step 2.

Applying the procedure presented here
one could achieve a pit limit that meets both
blending requirements (the consumer’s
requirements) and pit design constraints
(including pit slope, and precedence of
blocks).

4.1 Self-Adapting Differential Evolution
Algorithm

In step 2 of the procedure introduced for pit-
blend optimization, a genetic algorithm
namely Self-adapting differential evolution is
applied to solve the blending optimization
problem  (Equation 2-5). Differential
evolution (DE) introduced by Storn and Price
(1997), is a simple yet powerful evolutionary
algorithm (EA) for global optimization. The
DE algorithms are becoming more popular
and are used in many practical cases, mainly
because it has demonstrated good
convergence properties and it is easy to
understand. EAs are a broad class of
stochastic optimization algorithms inspired
by biology and have many advantages over
other types of numerical methods. They only
require information about the objective

function itself. Other accessory properties
such as differentiability or continuity are not
necessary. As such, they are more flexible in
dealing with a wide spectrum of problems
(Back et al. 1997).

When using an EA, it is also necessary to
specify how candidate solutions will be
changed to generate new solutions. Starting
with a number of guessed solutions, the
multipoint algorithm updates one or more
candidate solutions in the hope of steering
the population toward the optimum (Deb,
2005). DE creates new candidate solutions
by combining the parent individual and
several other individuals of the same
population. A candidate replaces the parent
only if it has better fitness (objective value).

DE has three parameters: amplification
factor of the difference vector (F), crossover
control parameter (CR), and population size
(NP). The values of these parameters greatly
affect the quality of the solution obtained and
the efficiency of the search. Choosing
suitable values for these parameters is,
frequently, a problem dependent task and
requires previous experience of the user
(Brest et al. 2006). In self-adaptive DE
algorithm, the parameters to be adapted are
encoded into the chromosome and they also
undergo the actions of genetic operators. The
better values of these parameters lead to
better chromosomes which, in turn, are more
likely to survive and produce offspring and
propagate better values of the parameters as
well.

Brest et al. (2006) developed a self-
adaptive DE algorithm based on the self-
adaptation of two parameters F and CR, into
the individuals, associated with the
evolutionary process.

In this algorithm called jDE (Qin et al.
2009), D 1is the set of optimization
parameters and it is called an individual and
is represented by a D-dimensional vector. A
population consists of NP parameter vectors
x,6-i =1,...,NP and G denotes one generation
and there is one population for each
generation. NP is the number of members in
a population, and it is not changed during the
optimization process.
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According to Storn and Price (1997,
2002), there are three operations in DE
including mutation, crossover, and selection.
The general idea behind DE is a scheme for
generating trial parameter vectors. Mutation
and crossover are used to generate new
vectors (trial vectors), and then selection
determines which of the vectors will survive
into the next generation.

A. Mutation

Mutation operation mutates a chromosome
into a new one by inverting randomly
selected genes of the chromosomes. For each
target vector x,,, a mutant vector v is
generated according to equation 6.

Vign =X,gatF (xr2.G+l _xr3.G+l)

{rl¢r2¢r3¢i}e[1,NP] ©
In which the indexes r1,72,73 are chosen
randomly. Note that these indexes are
different from each other and from the
running index i, therefore the number of the
population must be at least four (NP >4). F
is a real number that controls the
amplification of the difference vector

(x 2.6+ X364 ) .

B. Crossover

Crossover operation crosses two or more
chromosomes to create new chromosomes
for the population. The target vector is mixed
with the mutated vector, using the following
scheme, to yield the trial vector

Ui gn :(uu,u+1’”21.G+1’"'s”nf,<;+1) @)
where

e U m) y
’ Vi lf}’(j)>CRO}’j :ém(t)
r(j)e[0.1] is the j™ evaluation of a uniform
random generator number. CR is the
crossover constant, which has to be
determined by the user. m(j)e(L...D) is a
randomly chosen index which ensures that
u, s, gets at least one element from v, ., .
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Otherwise, no new parent vector would be
produced and the population would not alter.

C. Selection

Selection operation selects the best
chromosome from the population for the next
generation. In jDE a greedy selection scheme
is used as well. In dealing with a
minimization problem, the selection rule is
as follow

Xign =

{”i.@u iff(”i,c;+1)<f (xi,G)

X6 otherwise

for i=1,.,D. f () is the objective or fitness
function. If, and only if, the trial vector u,
yields a better cost function value (minimum
value in a minimization problem) than x,,
then x,,,, is set to u otherwise, the old
value x, ; is retained.

In jDE, the control parameters that will be
adjusted by means of evolution are F and
CR. Both of them are applied at the
individual level. In means, the better values
of these control parameters lead to better
individuals, which, in turn, devise next
generations with better parameter values. In
each generation, new control parameters
F, . and CR, ;,, are calculated as

i

PG+l

F:’,GH = F

iG>

F, +rand *F,, if rand, <t
otherwise

®)

rand,, if rand, <t,
CR, 61 Z{CR
iG?

and they produce factors F and CR in a new
parent vector. rand, j €{1,2,3,4}, are uniform
random values. 7, and <, represent
probabilities to adjust factors F and CR,
respectively. According to Brest et al
(20006), if 7,=7,=0.1, F, =0.1 and £, =0.9 then
the new F takes a value form [0.1,1.0] in a
random manner. The new CR takes a value
from [0,1]. F,;, and CR,,, are calculated
before the mutation process. Therefore, these
new factors influence the mutation,
crossover, and selection operations in

otherwise
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producing the new vector x,,, for the next
generation.

The main advantage of jDE algorithm is
that, the user does not need to guess the good
values for F and CR at the beginning of the
algorithm. These parameters are implicitly
adapted inside the algorithm.

In this paper, jDE algorithm is used to
optimize the blending of ore blocks in open
pit mining.

4.2 Fitness Function of Blend
Optimization

The mathematical model of the blending
optimization is given in equations 2-5. In
order to solve the blending optimization
problem wusing a genetic algorithm, the
concepts introduced by Olivetti (2003) and
Huy et al. (2004), is practiced here, to define
the fitness function.

D is the set of optimization parameters (set
of decision variables) which is called an
individual and in the case of blending
optimization, D is equal to the number of ore
block. In genetic algorithms, fitness function
gives a score for each individual
(chromosome) which defines the probability
of that individual to be chosen for the next
generation.

Considering equation 2-5 and assuming
that there is only one impurity in the ore
blocks, the fitness function will be calculated
as follow

im~ im

Sfvalue (POR ) =uT -1,C, —1,C, )
In which

T=)X,x,

beB

Cg ZMLDC (O,Z(_gb +Gmin)xbj

beB

Cim =Max (O’Z(gb _immax)xbj

beB

4y, u, , and g, are the degree of importance
(or weight) of T, C_, and C,, in the fitness
function respectively. POP,i=1,..,NPis a
candidate solution of the problem.

Doing this, the constraints of the model in
equations 3 and 4 will be imported to the
objective function. Using the fitness function
described in equation 9, the score of each
individual can be calculated in the jDE
algorithm.

5 APPLICATION IN GOL-E-GOHAR
IRON ORE MINE

Gol-e-Gohar iron ore mine number 2 is
selected to check the applicability of the pit-
blend algorithm to determine the pit limits of
this mine. Gol-e-Gohar iron ore mine
number 2 is located in south-east of Iran
(figure 2). The block model of the deposit is
constructed using 42 drill holes. Small block
dimension are decided to be 10*10*15
meters. The number of block on each axis of
the large block is 210*140*20 blocks. Each
block contains information about its sulfur,
phosphor and Fe content. The shape of the
deposit is depicted in figure 3. The blocks
are divided into two main ore types, one
which is low in sulfur and the other which is
high in sulfur content. The block model
contains 8259 blocks of both ore types. The
block model designed for this mine has got
up to 588’000 blocks.

T

-
LR

Figure 2. Location of Gol-e-Gohar iron ore
mines

Prior to applying the pit-blend optimizing
procedure, bounding technique was applied
to discard the unnecessary blocks of the
block model. The bounded block model
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contains 94’311 blocks. In this section the
following assumptions are made:
a)The mine is not processing the ore
blocks in the plant
b)The mine is producing blended ore to the
market
c)There is no limit on the demand for the
product
d)The mine should produce a blended
product with a quality of minimum 65%
of Fe, and 0.15% of P and 0.2% of S in
maximum.

Figure 3. Ore body model of Gol-e-Gohar
iron ore mine number 2

The grade-tonnage curves and curves for
cut-off iron versus average iron, sulfur, and
phosphor is generated for the deposit (Figure
4).
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Figure 4. Grade tonnage curves of the
deposit

According to the grade-tonnage curves, all
of the ore blocks satisfy the constraint of P
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content. Therefore, the constraint on P
content is relaxed for all the blended
products. This graph is used to determine the
cut-off grade of iron in accordance with the
blend requirements. Based on this graph and
the traditional way of selecting ore blocks, a
cutoff grade of 61% of Fe content satisfies
final product requirements. Based on the
determined cutoff grade, 346 blocks were
selected as ore blocks. After recognizing of
ore blocks, the block economic value of
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
which 336 of them are ore blocks.

The aim of this work is to design an
optimized pit-blend limit. To do so, the
procedure described in figure 1 is applied to
the block model of Gol-e-Gohar iron ore
deposit. The mathematical model (equations
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

chawm in fionre § and A

Figure 5. Perspective of ultimate pit limit
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Figure 6. Ultimate pit limit based on grade-
tonnage curve (not blend pit) and optimized
pit-blend

6 DISCUSSIONS AND CONCLUSIONS

Pit limit is a set of those blocks that are
profitable to be exploited by open pit mining
methods. There are a number of pit design
algorithms which require that the economic
value of each block to be determined prior to
applying the algorithms. In traditional pit
limit optimization techniques, one cannot
take into account the requirements of
blending. Some commodities such as iron
ore, coal, limestone, and industrial minerals
that are direct shipped need to be blended to
provide a product that suits consumer’s
requirements. In order to determine the
economic value of these blocks, one needs to
first select the set of blocks that can be
blended. After this, one could apply any
available method to determine the ultimate
pit limit (UPL). In this paper a combined
approach is used to determine the pit limit of
an open pit mine considering the
requirements of blending. In this approach,
using a self-adaptive differential evolution
algorithm, called jDE, first those ore blocks
that meet the blended product requirements
are selected, and then the ultimate pit limit is
determined using maximum flow theory. The
resulting pit is a combination of those blocks
that are profitable to be exploited by open pit
mining and are capable of being shipped
directly. This method is helpful in
conducting a better production plan with
regard to  satisfy the  consumer’s
requirements.

The proposed blending model is an integer
programming model and it is solved using

JDE algorithm. The jDE 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
term mine planning.
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ABSTRACT Transportation costs have always been a significant part of large open pit
mining capital and operating costs. It counts about 40 up to 60 percent of the total operating
cost in open pit mining. The main goal of design a haulage system is an implementation of a
plan that meets the required production requirements, operates at competitive cost, and
complies with environmental regulations. Selecting the suitable haulage system can be
considered as a MADM problem because the effective parameter are various, with different
importance. In this study, the HPVS method that uses a DEA model to produce weights
associated with each ranking place was applied to select the suitable haulage system
considering sustainable development (SD) concept. This approach was tested in Sarcheshmeh
copper mine of Iran. The result of this model shows that the combination of truck-shovel and

in-pit crusher is as the most appropriate haulage system in Sarcheshmeh copper mine.

1 INTRODUCTION

One of the main proportions of operating
cost of open pit mining is related to haulage
capital and operating costs. Currently, truck
with 360-ton capacity is running in some
open pit and some researcher give indication
to the employment of 420-ton capacity truck
(Jacek, Zaplicki, 2009). The capital cost of
truck with capacity around 300 ton reach
above 2.5 million US §$. Therefore,
equipment selection is one of the most
important aspects of open pit mine planning
and design.

The purpose of equipment selection is to
select optimum size and number of
equipment with minimum cost (Osanloo,
2007).

The selection of equipment for mining
applications is not a well-defined process,
because it involves the interaction of several
subjective factors or criteria, decision on
mine equipment selection in different mines

are often complicated and may even embody
contradictions.

Different types of models have been
developed to selecting the suitable mining
equipment. Expert system as decision aid in
surface mine equipment selection was
applied by Bandopadhyay, et al.
(Bandopadhyay et al 1987) and Denby,
Schofield (Denby, Schofield 1990). Hrebar
(Hrebar 1990), Sevim and Sharma used net
present value analysis for selection of a
dragline and surface transportation system
(Sevim, Sharma 1991). Cebesoy used linear
break-even model (Cebesoy 1997). Models
for equipment selection and evaluation
described by Celebi were aimed at selection
of the equipment fleet based on minimizing
the unit stripping cost and maximizing
production (Celebi 1998). Hall et al.
illustrated how reliability analysis can
provide mine management with quantitative
information of value for decision making
about surface mining equipment (Hall et al.
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2003). Analytical hierarchy process has
proposed for application to selection of
equipment by some researchers (Samanta et
al. 2002; Bascetin 2004). Bascetin et al used
fuzzy logic for selection mining method and
surface transportation system. Equipment
Selection (EQS) is computer software that
used fuzzy logic for equipment selection in
surface mines and proposed by bascetinn et
al (Bascetin et al. 2006). Application of
AHP-TOPSIS method for loading-haulage
equipment selection in open pit mines was
used by Aghajani, Osanloo (Aghajani,
Osanloo 2007). Aghajani et al used fuzzy-
TOPSIS method to selecting loading-haulage
equipment in open pit mines (Aghajani et al,
2008). In order to selecting the overburden
removal equipment, Aghajani et al applied
the modified VIKOR method (Aghajani et
al, 2009). Aghajani et al also proposed a
linear programming model to open pit mine
equipment selection (Aghajani et al, 2010).

In decision making problems, researchers
have faced two difficulties in recent years:
(i) calculation of relative weight for each
criterion, (ii) uncertainty in judgment for
decision makers (Nourali et al, 2012).

The process of solving haulage system
selection problem by decision making
models can be divided into two stages:

Stage 1: Determining relative weight
associated with each criterion.

Stage 2: Selecting the most suitable
haulage system with respect to all criteria.

In this paper to calculate the weights of
criteria, the Preference Voting System (PVS)
was applied. The main difference between
this PVS with those that proposed in
previous research, is in procedure of
determining relative weight associated with
each ranking place. This PVS uses a Data
Envelopment Analysis (DEA) model to
determine the weights associated with
ranking places, which maximizes the lower
bound of relative score of each candidate.
This approach decreases the subjectivity in
determining weights of ranking places and
the results are more reliable (Nourali et al,
2012)
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2 SUSTAINABLE DEVELOPMENT
(SD) AND MINING INDUSTRY

For over 20 years, the words ‘sustainable’
and ‘sustainability’ have been in the lexicon
of governments and policy makers
throughout the world. It is generally agreed
that sustainable development was first
defined in 1987 by the Bruntland
Commission as “a system of development
that meets the basic needs of all people
without compromising the ability of future
generations to meet their own life-sustaining
needs” (United Nations, 1987).

Whereas mining is nonrenewable process,
the concept of sustainable development may
seem to be an oxymoron, but different
authors have argued about this and believe
that mining operations can be moved in the
direction of sustainable development
movement.

The authors also offer a definition of
sustainability in the context of mining,
indicating that

“Mining is sustainable when it is
conducted in a manner that balances
economic, environmental and  social

considerations, often referred to as the triple
bottom-line and that ‘“sustainable mining
practices are those that promote this
balance” (Laurence, 2011).

Osanloo (2012) is expressed that future
mining is going to be and must be a Green
Mining as a pre-consideration practice of
sustainable mining. The principles of a
sustainable mining practice are Economy,
Efficiency, Safety, Environment, and
Community. So mining engineers should be
aware of these principles and consider their
role in mine planning and design. One could
summarize the principles of green mining
into three main principles as given in Figure
1 (Osanloo, 2012).

Hilson and Murck provide useful
guidelines for mining companies seeking to
operate more sustainable.
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Figure 1- Principles of sustainable mining
(Osanloo, 2012)

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.

According to mentioned viewpoints, one
aspect of mining activity is the sustainable
development and should be considered in
mine design to keep balance among
economy, environment and society.

3 MINE HAULAGE SYSTEMS

All mines require efficient equipment to
move material in a cost and time effective
manner. As shown in figure 2, the haulage
cost is very significant in mining operation.
Prior to World War II, rail haulage was the
principal type of transportation in large pits.
Now, in most surface mines, the bulk of the
mined material is transported from the mine
to the crusher by trucks (Hoppe, 1977).

Figure 3 shows a block flow diagram of
truck and shovel operation.

Over the past decades mining equipment
have steadily increased in size and
complexity. For instance, the 400-tonne
trucks of today are about 10 times the size of
the 35-tonne trucks of the 1950s. For every
10 years during this period, there has been a
50% increase in truck payload (Koehler,
2003).
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Figure 2- Typical open pit mining costs by
activity (Gregory, 2003)
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Figure 3- Block flow diagram of truck and
shovel operation
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In hard rock mines, truck and shovel
operation is still the most prevalent mining
method.

Since the 1940s, continuous mining and
haulage with bucket wheel excavators and
conveyors has been the predominant method
for high capacity coal or lignite production
and overburden removal in open pit soft-
rock mining.

The bucket wheel excavator is favorable
connected to a belt conveyor system with or
without a mobile transfer conveyor
intermediately installed or a cross pit
spreader transferring the material to the
waste dump or the raw material stockpile.

In 1956, the first in-pit crusher (IPC) was
installed in a limestone quarry in Hover,
West Germany. The crusher enabled the
quarry operator to take advantage of
continuous belt conveyor haulage and
eliminated a problem of high-cost road
construction and maintenance in wet soft
ground, with resultant cost savings.

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
mobility are as follow (Hartman, 1992):

St bl Crushar
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— &
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-"_{" tiohia Crushir
_L[ v -
! - D
Canvayar Bl L

Figure 4- Material flow in semi-mobile (a)
and mobile (b) crushers (Oraee et al, 2009)

A- Mobile crusher

This type of crusher works at the mine
face, is directly fed by an excavator, and
moves in unison with the excavator on its
own transport mechanism as mining
progresses

B- Semi-mobile Crusher

This unit works close to the mine face but
is moved less frequently than a mobile
crusher. The transport mechanism may be a
permanent part of the crusher frame.

C- Movable Crusher

A movable crusher is centrally located in
a mine near the same level as the mines
working face. It is relocated every 1 to 2
years, as required, to maintain the
relationship between distance and elevation
from the face.

D- Portable Crusher

This term is used in Europe for crushers
with temporary support foundations. The
crusher plant is moved in sections. In the
United States, this term refers to units that
can be moved on a highway with a minimum
amount of dismantling.

E- Modular Crusher

In a modular crusher, the crusher station
can be disassembled into modules and
reassembled in a new location in about 30
days. Such moves normally would not be
made more than every three to five years.
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F- Semi-fixed Crusher

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

system used in mining. The ease of use and

flexibility of this system, are important

reasons of using that system. Truck consume

60 percent of its energy to move itself

compared to conveyor belt that use 20

percent of its energy to move itself and 80

percent of energy to move material.

It consume large amount of fuel at low speed

as 10 km/h and 50 percent of times of

mining operation move empty.

The advantages of combination of shovel-

truck system are as below:

e The truck and shovel system is very
flexible to adapt to new position

e The truck fleet can be kept small at the
begin of the mining and can be increase
with the dipper the pit develops

e Increase of production can be easily made
by adding additional shovel and trucks

e Selective mining is possible

e Operative in all type of rocks

Disadvantages of truck and shovel can be

expressed as follows:

¢ Discontinues material flow

e Large fleet required

o Extensive road preparation needed

¢ Dependence on fuel cost

e Limited transportation distance (less than
2 miles)

e Limited road grade (less than 13%)

4 THE EFFECTIVE PARAMETERS IN
HAULAGE SYSTEM SELECTION

The selection of the type, size and operating
mode of a haulage unit can be a complex
task governed by a number of factors that
may be variable and defined depending on
the mining condition.

There are different effective parameters to
selecting mining equipment such as size,
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shape and depth of deposit, mine production
schedule, geology, material characteristics,
blasting performance, climate, environment,
capital cost, operating cost, maintenance,
support, power costs versus fuel costs,
reliability, useful life, haul distance, operator
requirement, life of mine, hardness and
abrasiveness of material.

The mentioned above parameters are used
by different researcher to selecting the
proper mining haulage system, but by
considering the sustainable development
concept, it seems that there are some other
factors such as greenhouse gas emission,
accident probability, ground vibration, dust
production, land degradation, Number of
employment and reclamation requirement,
that can be considered in equipment
selection.

By taking into account the fact that, the
mining production had an increasing trend
through the years and average grade of
produced ore was decreasing in the same
years. This means that, high-grade ores are
consumed and in order to produce a known
amount of metal from a low-grade ore, one
has to exploit a large volume of materials.
So, so-called easy mineral deposits have
been mined therefore, one could conclude
that, the mine size must be enlarged, and
here comes the time for Giant Mining
(Osanloo, 2012), the size of mining
equipment will grow to achieve required
production rate and it means more fuel
consumption, labour requirement, road
construction and as a result, more
environmental impact in mining activity.
Therefore, it is important to have a long-term
vision in equipment selection. Paying
attention to SD concept, the effective
parameters in mining equipment selection
can be divided in to four groups, technical,
economic, social and environmental. The
technical criteria are essential factors in
engineering works and in order to
considering SD concept the parameters that
are related to environmental, social and
economic added to decision making criteria.
The criteria for each group are as below:

Technical; production, geology, deposit
depth, haul distance, mine life, equipment

installation time. Environmental; climate,
greenhouse gas emission, dust production,
land degradation, reclamation requirement.
Social,; ground  vibration, accident
probability, No. of employment. Economic;
operating and capital cost, power costs, fuel
cost, labour cost, maintenance cost,
reliability.

5 PREFERENCE VOTING SYSTEM

In preference voting systems (PVS), each
voter selects m candidates from among n
candidates (n > m) and ranks them from the
most to the least preferred. Each candidate
may receive some votes in different ranking
places. The total score of each candidate is
the weighted sum of the votes he/she
receives in different places (Wang et al.,
2007) that is defined as follow:

n

n
5T LYY i=l..,n )

Let w; be the importance weight of J"
ranking place (j = I... m) and v; be the vote
of candidate i being ranked in the / place.
The structure of PVS is shown in Table 1.

In this structure, the winner is the one
with the highest total score. Therefore, the
key issue of the preference aggregation in a
PVS is how to determine the weights
associated with different ranking places (i.e.
(W)

Broda-Kendall (BK) method (Cook &
Kress, 1990) is a well-known approach to
identify the weights.

This approach assigns weights m, m—1,
m-2,..., 1 to m ranking places, from the
highest ranking place to the lowest
respectively. These weights are produced in
a simple way, but their production process is
quite subjective. To reduce subjectivity in
generating weights, Cook and Kress (1990)
proposed the application of Data
Envelopment Analysis (DEA) in this
problem, which considered candidates as
Decision Making Units (DMUs). Their
proposed model calculates weights for each
candidate that maximizes its total score.

Thereafter, the model is solved once for
each candidate and the total score is
computed.
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Table 1- Structure of preference voting
system

Ranking Places
P1‘...|P,|...‘P,,,
Weights of ranking places

Candidates | w Total Scores
Wi | e | Wa
1
Vote of each candidate in
each ranking place
m
], 2 =" vw
Candidiate, e v | | Vim =1
1
m
L Z; =D VW,
Candidiate; | vy | ... | vij | oo | Vim j=1
m
o v, zZ =) VW
Candidiate, | " | ... | vy | <o | Vom " j=1 T
1

The candidate with the highest total score
is considered as DEA efficient. This model
is shown below:

m

Maximize z; = =1 Vi )

Subject to Zj;] vow,. <1

W i=1..,n

w,=w,, 2d(j,&)  j=1,..,m-1

w,, 2d(m,¢)

Where d (., ¢) is referred to as a
discrimination intensity function. This model
led to reduction of subjectivity, however
often more than one DEA efficient is derived
from calculations. Therefore, Cook and
Kress (1990) suggested maximizing the gap
between the weights so that only one
candidate is considered to be DEA efficient.
Green et al. (1996) utilized cross-efficiency
evaluation in DEA to select only one winner
candidate. Noguchi et al. (2002) used the
same technique, but they suggested a strong
ordering constraint for weights, which is
shown below:

_\" 3
Zi _Z,=1 ViW; )

i=1..,n

Maximize

Subject to Zj:l vw; £1
w 22w, 2. = mw,

m
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Nm(m+1)

Where N is the number of voters.

Wang et al. (2007) proposed three models
to produce the weights, without the need to
predetermine any parameters such as e.
These models are given as follows:

Maximize « @)

Subject to z, :Z’;’:lv w.>a i=1,..,n

e

Model (4) determines weights for all
candidates using a linear DEA model, which
maximizes the common lower bound of total
scores (i.e. o). In addition, the sum of
weights is equal to 1.

Maximize « €

)

Subjectto a <z, = Z’;’Zlvﬁw/ <1 i=Lle.n

w, 22w, 2..2mw, 20

m

Model (5) determines weights in a same
way, but the common upper bound of total
scores are equal to 1. In addition, there is no
constraint for sum of weights.

Maximize z, =Zm v.w (6)

a1 i Wi

Subjectto  w, 22w, 2...2mw,, 20

o wjz. =1

Model (6) specifies weights for each
candidate using a nonlinear DEA model that
maximizes the total score of it. This model
should be solved for each candidate and
candidate obtaining the highest total score
could be considered as the winner.

In this study, model (4) is used to
determine the weights associated with
different ranking places due to its less
computational effort.



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

6 THE HIERARCHICAL
PREFERENCE VOTING SYSTEM

Proper haulage system can be considered a
hierarchical structure, then it can be called
hierarchical preference voting system
(HPVS) (Figure 5). The figure includes
objective of the problem in the upper level,
m criteria in the intermediate level and n
decision alternatives in the lower level.

[ Selecting Suitable Haulage System J

Critetion m

[ Critetion 1 } [ Critetion 2 ]
A\

Altarnative n

[ Altarnative 1 ] [ Altarnative 2 ]

Figure 5- Hierarchical structure of problem

7 RANKING CRITERIA AND
CALCULATING THEIR RELATIVE
WEIGHTS

The preference voting system was used to
calculate relative weight of each criterion.
Applying group decision making in methods
that mentioned in literature, requires much
computational effort, while PVS needs less
calculations. The structure of PVS for
criteria is shown in Table 2.

To characterize the relative importance of
each criterion, a set of importance levels
were defined as ranking places: {/L,, ..., I,

. IL,}, where IL,, ..., IL;, ..., IL, represent
the importance from the most to the least and
p is the number of importance levels. The
decision makers were asked, from different
domains to assess criteria in p importance
levels. vys are the numbers of the decision
makers who assess criterion j (C) in
importance level IL; (k= 1, ..., p).

Let w; be the weights associated with
importance levels IL; (k = I, ..., p). Using
model (4) we calculated weights for each
importance level. The total score of each
criterion could be obtained by following
equation:

TC; =2 VWi ™

Table 2- Structure of preference voting
system for criteria

Importance Levels
||, p
2 ‘Weights of importance levels %
S Total Scores =

v [ ],
Vote of each criterion in each
ranking place
P
Cl Vir [ Ve | | Vip TC = gt V1 Wk VVl
_N”
C/ Vi Vie || Vip TC, =), Vi W/.
» /4
Cm Vi || Vo | - Vmp TC, = i Vink Wi m

Where TC; is the total score obtained by
criterion j. Using these scores, it is possible
to rank the criteria. After normalizing these
scores, the weights associated with each
criterion (W) could be calculated.

8 CASE STUDY

In this study, the selection of proper haulage
system of Sarcheshmeh copper mine in Iran
was done by PVS method.

Sarcheshmeh is a large open pit copper
mine in the Kerman Province of Iran, the
Sarcheshmeh Copper Complex is located
65 km southwest of Kerman and 50 km
south of Rafsanjan. Production units of
Sarcheshmeh Copper Complex involves the
mine itself, concentrator, smelter, refinery,
foundries and leaching.

The deposit is known as a typical
porphyry copper deposit with respect to
alteration types, mineralization style, ore
grade and size, tectonic setting, and igneous
rock features (Waterman & Hamilton, 1975).

In the development plan of Sarcheshmeh
copper mine, the mine depth will reaches to
837.5 meter at 2062.5 level. Average
haulage distance will reach to 4.5 km, by
increasing the depth of the mine.

To select the suitable haulage system for
Sarcheshmeh copper mine, among the
possible methods, three methods were
identified as the most appropriate methods.

These methods are truck & shovel,
combination of truck-shovel & in-pit crusher
and shovel & mobile in-pit crusher.

135



M. Jamshidi, M. Osanloo

Surveying the related research in this field
and take into account SD concept, 21 criteria
were considered effective parameter and are
listed in table 3.

Table 3 consists of the first part of a
questionnaire that some experts were asked
to rank the importance level of each
criterion.

Table 3- Preference voting for criteria related to their importance levels and weights obtained

at the first stage of HPVS

Weights of importance levels
0.54 0.27
- 5 3 0.182 0 Total score Normalized
Criteria for each weight for each
Importance levels g
criterion criterion
Very Importa Not very Not
Importa nt Important Importa
Vote of each criterion in each importance

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) should ranking places. An example of this

not influence the total score of each
criterion.

Therefore, the weight of this importance
level is equal to zero and model (4) based on
three importance levels was applied.

The next step in this method is to
calculate the score and normalized weight of
each criterion according to previous section.

In the last step, a preference voting among
decision makers was conducted about the
priorities of alternatives over each other with
respect to each criterion. In addition, model
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procedure for capital cost criterion can be
found in Table 4.

Table 4- Preference voting for alternatives
with respect to "capital cost" criterion at the
second stage of HPVS

Weight of Criterion
0.062
Weights of Ranking Places
0.545 [ 0273 [0as2 [ 0

Vote of each alternative in each

Alternatives Score
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ranking place to their scores (Table 6). According to the
Truck & Shovel 4 0 1 “, 0.1 re'sult, the combination of truck-shovel & in-
pit crusher was selected as the most suitable
0.0 .
T & S +IPC&C 1 2 2 Ly haulage system from the perspective of all
S + Mobile . , X . 0o | decision makers. The score of each system
IPC&C 6 are as below:

In addition, scores of each alternative with
respect to each criterion are shown in Table
5. Finally, ultimate scores of alternatives
were calculated and ranked them according

Truck & Shovel: 1.685 (3™ Rank)
Truck & Shovel + IPC&C: 2.048 (1* Rank)
Shovel & IPC&C: 1.826 (2™ Rank).

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

9 CONCLUSION

The sustainable development term has been
entered to the lexicon of industrial policy
makers to provide proper life condition for
the next generation. It means that the current

generation should be concerned about the
life condition of posterity. By increasing the
human population, the mineral consumption
will be more than now and the mine will go
dipper, so to achieve the required raw
material more mining activity and larger
mines are unavoidable. In this study, in order
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to select the proper haulage system in
Sarcheshmeh copper mine of Iran, some
other factors apart from technical and
economic factors, by taking into account the
SD concept were considered and the
selection was done by using hierarchical
preference voting system (HPVS) method.
This PVS uses a DEA model to produce
weights associated with each ranking place.
One of the main advantage of PVS method,
is to remove the uncertainty in comparisons,
in addition, regarding to application of a
mathematical model, outcomes are more
reliable.

The result of this study shows that, the
combination of truck-shovel and in-pit
crusher with score 2.048 has higher priority
compared to other alternatives such as truck-
shovel and shovel and mobile in-pit crusher
as a proper haulage system for Sarcheshmeh
copper mine.
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An Approach to Determine the Location of an In Pit Crusher in

Open Pit Mines
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Amirkabir University of Technology (Tehran Polytechnic), Tehran, Iran

ABSTRACT Transportation costs have always been a significant part of capital and
operating costs of large open pit mines. In pit crushing and conveying system is going to be a
significant part of future mining activities. Its cost efficiency and high reliability compared to
conventional truck-shovel system makes it more appealing to be utilized in mining industry.
In this paper suitable location of an in pit crusher is investigated, and it is formulated as a
single hub location problem. In selecting the optimum in pit crusher location, two factors are
considered. First, the overall haulage cost as a function of distance is minimized, and second,
the selected location is chosen such that it is not located inside the mining area, and crusher
site is fixed through a period of at least one year. Application of single hub problem is quite
effective in determining the location of the in pit crusher.

1 INTRODUCTION

Open pit mining is a large operation of
excavation, within which considerable
amount of material should be extracted and
removed out of the mining train. An open pit
mine is consisted of pit or pits (where the ore
and waste rock is extracted), mill, waste
dumps, and stockpile. The material inside
the pit is excavated and loaded to the
haulage system and according to material
type; they transferred to the predefined
location.

In recent years, application of in pit
crushing and conveying systems is of
interest in open pit mines. Apart from
choosing a suitable type of crushing and
conveying system for the mines, the location
of the system should also be optimized to
reduce the mine operating costs. A suitable
location for an in pit crusher should have the
following conditions:

a.In pit crushing unit should be in an

optimum distance from each working
face.

b.It would be better if the location of the

crusher be fixed at least for a period of

one year. This will reduce the number
of times that the crushing unit is
moved. So, the overall cost of crusher
reinstallation will be reduced.

The problem of selecting an optimal
location for in pit crushing system is studied
by a number of authors including Roberstson
(1984), Sturgul (1986), and Konak et. al
(2007). Optimization of a crusher location
and haulage distances are first introduced by
Roberstson (1984). Konak et. al (2007)
discussed the effects of pit geometry and
mine access requirements on optimum
crusher location selection that are mainly
based on the establishment of minimum
haulage distance. They established a trial
and error process and applied their method
in an aggregate mine.

In the present paper the problem of
allocating in pit crushers is described as a
hub-location problem. Before proceeding to
the problem of locating the in pit crusher,
different types of haulage systems in surface
mines is investigated.
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2 HAULAGE SYSTEMS IN OPEN PIT
MINES

The material inside the pit is excavated and
loaded to the haulage system and according
to type of the material (ore or waste) they
transferred to the predefined location (mill
or waste dumps respectively). The main
haulage systems in open pit mines are (1)
Trucks, (2) Conveyor, (3) Rail, and (4) Rope
way.

As it is shown in Figure 1, based on mine
condition, haulage distance and mining rate,
each of these transportation systems could be
applied to the mine (Osanloo, 2010).

Production e ftosdhrf

Hauaga slsrane imis)

Figure 1. Selection of haulage system in
open pit mines (Osanloo, 2010)

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.

b) Semi mobile operation: this allows for
using a primary crushing unit inside the
pit together with a shovel-truck system,
and the material is transported by
conveyor to the processing plant.

¢) Full mobile operation: a combination of
shovel and mobile crusher is
implemented and the material is
transported by conveyor to the material
preparation plant.

Each of the above unit operations has its

own cost structure, but it should be said that
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transportation costs is a major part of each
operating mine. Transportation costs have
always been a significant part of capital and
operating costs of large open pit mines. In
figures 2 and 3, typical open pit mine capital
and operating cost distributions for a large
deep mine using a conventional shovel-
truck are shown. According to these figures,
haulage costs are almost above 45% of
operating costs in the life of a mine and it is
about 40-50% of capital costs (Tutton and
Streck, 2009). In open pit metal and
nonmetal mines, the cost of transporting
materials out of the pit constitutes roughly
60% of the operating cost of mining
(Hartman, 1992).
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Figure 2. Capital cost distribution in large
open pit mines (Tutton and Streck, 2009)
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Figure 3. Typical operating cost distribution
in large open pit mines (Tutton and Streck,
2009)

The major cost factors in a shovel-truck
system are fuel, equipment and spare parts
costs, tires and labor costs (Tutton and
Streck, 2009). Li and Knights (2009) used
the concept of real option in dump truck
dispatching and short term planning.
According to their method, during high fuel
price periods, it is better to transport waste
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material to the nearby dumps and vice versa.
This strategy may not be applicable in long
term planning. The fluctuations in fuel and
equipment price, labor shortages and the
increasing need of moving large volume of
material in mining operations, emphasis the
need and importance of in-pit crushing and
conveying systems in large open pit mines as
a long term option (Atchison and Morrison,
2011). An in-pit crushing and conveying
system must satisfy two competing criteria in
order to be the most appropriate selection for
an operation in deep open pit mines: (1) be
physically able to excavate and deliver
material to some form of out-of-pit system at
the required capacity, and (2) be acceptably
cost-effective during both the capital and
operating phases of the operation.

On the other hand, trucks are well suited
to short hauls (less than 3 miles according to
figure 1) and selective mining and dumping.
As the mines deepen, the haulage distance
increases so the required time of haulage
will increase. The number of loads by truck
will decrease as a result the cycle time will
increases. To overcome this problem,
sometimes the capacity of haulage system
may be increased. Here one can name a few
disadvantages of pure truck- shovel system:

A. increase of mine depth will increase
the haulage distance,

B. increase of haulage distance requires
an increase in the number of trucks,

C. the initial capital cost of truck is
getting higher and higher due to
improvements on its break, tire, and
capacity. Trucks with 360 tons of
payload cost more than 3 million USS$.

D.as the number of trucks increases,

traffic in the mine, will be an
important problem that requires
efficient management,

E. cost of maintenance, repair and

operation will become higher,

F. number of mine labor force will
increase, and  requires more
supervision,

G. more trucks is required in pure Truck-
Shovel system,

H. a truck consume 60% of its energy to
move itself, and

I. a truck moves empty in 50% of its
working hours per shift.

The other option is to use conveyor
system incorporating with an in pit crusher
to continue a cost effective operation in
which a combination of shovel, truck, in pit
crusher and conveyor is used. This
alternative has the advantages of both the
other two methods (pure truck-shovel and
full mobile operation systems). As indicated
earlier in semi mobile operation system the
material is transported using a conveyor.

Open pit mines with longer transportation
distance requires more numbers of trucks. A
deeper, larger pit normally requires more
capital for additional trucks relative to
extending a conveyor system (Hartman,
1992). The longer the life of the project, the
more economical the conveyor system,
especially in deep pits or pits that gradually
increase in depth. Thus, taking into account
the necessity of purchasing additional trucks
to accommodate increasingly difficult
haulage routes and to replace trucks as they
wear out, conveyor systems will actually
require lower capital costs over the life of a
mine. Conveyor systems handling ore in
numerous large crushing and port facilities
have clearly demonstrated a useful conveyor
life of more than 25 years. In contrast, off-
highway trucks have life spans of six to
eight years (Hartman, 1992). Studies show
that, semi mobile and full mobile operation
can save costs up to 40% and this is
considerable comparing the amount of
material transported in open pit mining
(Guderley, 1983). In case of availability, the
availability of conveyors is 95% and for the
mobile crusher/conveyor system is more
than 85% which is far better than truck
operations (Guderley, 1983).

When one decides to apply a semi mobile
operation in a mine, the main problem that
arises is the decision on location of an in pit
crushing unit. In this paper the problem of
locating an in pit crusher in open pit mines is
described as a hub-locating problem.
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3 HUB-LOCATION PROBLEM

One of the new topics in location problems
is the hub location problem. The first paper
on hub location problem was published by
Toh and Higgins (1985) and it was on the
application of hub location problem in
airlines and airports. A comprehensive
survey on hub location models and problems
can be found in Alumur and Kara 2008.

Suppose that there are N nodes and if each
node can be either an origin or a destination,
then there are N(N-1) origin-destination
pairs of nodes in the network. Notice that the
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.

(O
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Figure 4. A fully connected network (6
nodes and 30 origin-destination pairs)

If one of these nodes is set as a hub node
and then connect it to all of the other nodes
(which are called spoke), then there will be
2(N-1) connections to service all the spokes
via a hub node (Hekmatfar and Pishvaee,
2009). This network is presented in figure 5
and node 4 is supposed to be the hub node.

®-
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Figure 5. A hub and spoke network
(6 nodes with 6 origin-destination pairs)

Again, if each vehicle could service five
origin-destination pairs every day, then in
this network, with six vehicles, 16 spokes
could be serviced every day. Thus, with a
fixed transportation capacity, it is possible to
service more spokes within a hub network
than within a fully connected network. In
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hub networks, instead of servicing each
spoke directly, hub facilities concentrate
flows in order to take advantage of
economies of scale. Flows from a spoke are
transported to the hub, and are combined
with flows that have different origins but the
same destination. This fact will reduce the
total cost of transportation.

In multi hub networks, the hub nodes are
completely connected to one another and
each spoke is connected to at least one hub
such as the network shown in Figure 6
(Hekmatfar and Pishvaee, 2009).
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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
between a given hub pair (Naecem, 2009).

The advantage of using hubs is the gain of
economic profits by establishing more
qualitative paths between the hubs. It should
be noted that, increasing transportation
capacity could decrease transportation costs.
On the other hand, increase of transportation
capacity is not possible on every path,
because traffic of the path will become an
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
costs for the hubs and the demands to be
transported between the spokes.

4 MATHEMATICAL MODEL OF HUB-
LOCATION PROBLEM

The hub-location problem involves
locating facilities and hub (or hubs) in a
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network and allocating spokes to the hub (or
hubs). In a hub network, a hub serves every
origin-destination pairs with a direct link,
and provides service via smaller set of links
between the spokes and the hubs. So the
objective in a hub location problem is to
minimize total cost of transportation (as a
function of distance) between hubs, facilities
and destination nodes (demands).

There are multiple (Fig.6) and single (Fig.
5) versions of hub location problems. In
single hub location problems, each
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 be
allocated to be linked to more than one hub.
Location of an in pit crusher can be modeled
as a single hub location problem. The
general form of a single hub problem is as
follow

Min 33 3 f, (Cy+Co Py (1)

Subject to :
2 H; =1 2)
J
v, —H,;<0,Vi,j (3)
H; =0orl, Vj (4)
Yy =00rl,Vi,j (5)

In this model f, is the demand or flow
between node i and k, C, is the unit cost of
flow between nodes i and j. if A, is equal to
1, it means to locate a hub at node j. y,
shows that node i is connected to hub
located at node j. Equation 1 is the objective
function and it minimizes the total cost
associated with the transport through the
hub. Equation 2 ensures that only one node
to be allocated as the hub node. Equation 3
ensures that node i cannot be connected to
hub at node j unless we locate the hub at
node j. Constraints in 4 and 5 are integrity
constraints of the model.

The linear form of the objective function
in equation 1 can be rewritten as equation 6.
This linear form of the problem can now be
solved easily. The installing cost of the hub
can also be added to the model in order to

take account the effect of these cost on
overall costs, then the objective function can
be rewritten as equation 7.

ZZZM (C,j +C o Wy =
chl/yi/ (szik j"’ZZCﬁYﬁ [/ka,] (6)
=>>C,v, (out, +in,)

Where out, is the total out flow of node i,
and in, is the total inflow of node i.

Min {ZZC,., v, (out, +in, )+ZHkRk} (7)

Where in equation 7, R, is the cost of
removing and reinstalling the hub located at
node k. In the next section the procedure of
selecting the optimal in pit crusher location
is prescribed.

5 IN PIT CRUSHER LOCATION

In this section a method to optimize the
location of an in pit crusher (IPC), is
introduced. As open pit mines deepens, the
haulage distance increases. Deep open pit
mines or those open pits with longer haulage
distances, require more numbers of trucks
(or larger trucks) to produce a constant
amount of material. It should be noted that,
increasing the numbers of trucks or
transportation capacity could decrease costs,
but increasing the capacity may not possible
on every path. As the transportation capacity
increases, the traffic of the path will become
an important issue.

Introducing an in pit crushing and
conveying system as a hub node, can
effectively solve the problem. Introducing a
hub node, not only increases transportation
capacity, but also it lowers the traffic
problems. On the other hand, in case of
applying an in pit crushing and conveying
system, large pits normally require less
capital for extending the conveyor system
relative to purchasing additional trucks in
pure  truck-shovel  systems. Besides,
installing a conveyor system in a long life
mining project appears to be more
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economical. As described before, the

location of an in pit crusher should have the

following conditions:

1. It should be within an optimum distance
from each working face.

This will reduces the total distance
between the crusher and the working faces,
so, the system will require less number of
trucks in the faces. Hence the capital and
operational cost of truck fleet reduces. The
optimum distance from each working face
should consider the total amount of material
that must be mined from each working face
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 this
point is not considered then the number of
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 locations
will not be mined during the next year. Then
these locations are assumed as the potential
hub nodes. Finally applying and solving the
single hub location problem, one could
optimize the location of the in pit crusher.
These steps are given in Figure 7.

Here comes a simplified example to show
the application of single hub problem in
determining the IPC location. Suppose that
the geometry of the pit as equal to the one
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given in figure 8. The unit operation in this
example is supposed to be semi mobile
operation. This type of operation requires a
number of shovels, trucks and an in pit
crushing and conveying unit. Suppose that
there are 3 working faces in a mine and they
must be mined according to the mine annual
plan. Each working face has a known
amount of material to be mined according to
the mine schedule. This fact causes the hub
location to be near the larger working faces
which contains considerable amount of ore
(or waste) compared to the other faces.

| Take the mine glan

x

Identify the possible
locations for the crusher

I

Construct the hub
natweork

!

Solve the single hub
prablem and decide the
crusher location

Figure 7. Steps required to find an optimum
location for the in pit crusher

Fl1

Figure 8. Shape of a hypothetical open pit
and its working faces

In Figure 8, Cl1 and C2 represent the
candidate crusher locations and working
faces are represented by F1, F2, and F3.
Considering the mine plan, there are 2 sites
which are not inside the working area of the
mine (C1 and C2 in Fig. 8). One could take
the advantage of decision making techniques
to select and rank the candidate location of
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IPC unit, but this is not within the scope of
this paper. These 2 sites are the candidates
for IPC location. If one of the elected sites
for in pit crushing unit location, is inside the
mine schedule and it must be mined, then the
cost of removing and reinstalling the
facilities placed on that particular site must
also be included in the objective function.
The structure of the corresponding hub
network for this example is given in figure 9.

@’\;fff@
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Figure 9. Hub network of the problem given
in Fig. 8

In figure 9, Cl and C2 represent the
candidate crusher locations and working
faces are represented by F1, F2, and F3 and
the final destination is shown by the mill
node. Edges connecting the nodes to the hub
node have their own costs and the cost varies
on each direction (in this case the hub node
is the location of the IPC). In other word,
trucks transport the material to the crusher
and travel back to the working face empty,
and this effects the cost of travel between
nodes.

After identifying the candidate sites, and
constructing the represented network of the
problem, the mathematical model can be
solved as an integer programming problem.
The result of the model indicates that which
candidate site has been selected as the
location for the IPC. This procedure is
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 locating
problem. The procedure of determining the

IPC&C location is depicted in figure 7. In
this section this method is applied to
determine the optimum location of an
IPC&C in Sarcheshmeh copper mine (SCM).

Sarcheshmeh (figure 10) is the largest
copper complex located in 160km southwest
of Kerman in Iran (NICICO, 2013).

.
TEHRAN

o Sarcheshoeh
Copper S
Comples

Figure 10. Location of Sarcheshmeh copper
complex in Iran

According to mining schedule of SCM
(Fig. 11), about 380 million tons of waste
will be mined within the next 10 years. The
mined waste material will be sent to two
waste dumps located in the northwest and
northeast of the open pit. Sarcheshmeh will
produce approximately 40 million tons of
waste rock per annum from the open pit.
Based on the assessment and comparison of
possible waste handling methods, it is
certain that the in-pit crushing/conveying
method is the more economic method in
SCM than the trucking option. In this mine,
the Mineral Sizer is the suggested crushing
unit for the waste handling system (SRK
Consulting, 2011). The type of the crushing
unit is determined for SCM, but the optimum
location of this unit is not studied yet.

Figure 11. Mining schedule in SCM and the
candidate locations of [IPC&C unit
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Considering the procedure depicted in
figure 7, the candidate locations of the in pit
crushing and conveying unit is assumed to
be on locations C1, C2, C3, and C4 as shown
in figure 11. The corresponding hub network
of the problem is given in figure 12.

Figure 12. The hub network for SCM

In figure 12, W1 and W2 represent the
waste dumps located in the northeast and
northwest of the open pit, respectively.
Considering figure 12, the mathematical
model of locating the IPC&C unit in SCM is
developed as a single hub locating problem
similar to the equations 2-5 and 7.

The unit cost of operation on every path is
calculated based on the shortest path
between the face and the IPC&C unit. It
means that, the unit cost of operation is a
function of distance between the face and the
IPC&C unit. Using the unit cost of operation
and the amount of material that must be
transported on every path, the mathematical
model could be developed for the case of
SCM.

Based on the preliminary results, the
optimum place of the IPC&C unit is
determined to be on location C2 and the
waste material should be transported to the
dump W2. The W2 dump is the waste dump
which is located in northwest of the pit and
C2 (the location of the IPC unit) is located
on the 9th bench of the mine and it is near
the pit exit. According to the mining
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schedule of Sarcheshmeh, the location C2
will not be mined until the next 5 years.
Therefore, on the year 2018, a new location
for the IPC&C unit must be determined.

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,

- better availability and utilization, and

- less maintenance for the hole system.

In this paper the problem of locating an
IPC&C system in open pit mines is
investigated and formulated as a single hub
locating problem. In selecting the optimum
IPC location, two factors are considered. (1)
The overall haulage cost as a function of
distance is minimized, and (2) the selected
site is chosen such that it is not inside the
mine plan.

The proposed method is applied to
determine the optimum location of the in pit
crushing and conveying system in
Sarcheshmeh copper mine. It is also assumed
that there is only one IPC&C unit for which
the optimum location must be determined. In
cases of using multiple [IPC&C units in a
mine, hub location problem can be applied
as well. The preliminary studies showed that,
the hub locating problem could be used to
determine the location of the IPC&C
systems in large open pit mines. Based on
the method, C2 is selected for locating the in
pit crushing unit and W2 is the selected
destination for waste material handling by
conveyer.
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Istanbul Ili Yenikdy-Akpmar-Agach Yoresi A¢ik Ocak Maden
Alanlarindaki Dolgu ve Dolgu Alti Materyallerin Jeoteknik
Analizi ve Degerlendirmesi

Geotechnical Analysis and Evaluation For Filling And Under

Filling Materials On The Open Pit Mine Lands Named Yenikoy,
Akpinar And Agach Region (Istanbul)

N. Tokgoz
Istanbul Universitesi, Miihendislik Fakiiltesi, Maden Miihendisligi Boliimii, Maden Isletme
Anabilim Dal, Istanbul

OZET Bu arastirmada; Istanbul’un kuzeyinde Kilyos-Karaburun arasinda yeralan Yenikoy,
Akpinar, Agagli yoresinde agik kum, kil ve komiir ocagi isletmelerinin artik materyallerinden
olusmus “dolgu” ve “dolgu alt:” materyallerin, Standart penetrasyon (SPT-N), Presiyometre
Olemeleri ve Atterberg limitlerini i¢eren bir dizi jeoteknik veri analizleri ve degerlendirmesini
kapsamaktadir. Burada amag, adi gecen maden sahalarinin, yeniden yapilanma veya yeniden
kullanim planlamast (orman alani, tarim alani, kentsel yapilasma, rekreasyon alani, vd.)
yoniinde ve siirecinde ger¢eklestirilecek miithendislik projelerine, “bilimsel ve teknik agidan
siirdiiriilebilir bir altyap1” destegi olusturmaktir. Nitekim veri analizlerinden elde edilen
bulgularin degerlendirmelerinde, dolgu ve dolgu alti materyallerin genellikle orta ve yiiksek
plastisiteli (CL-CH) kil ve silt gibi ince taneli malzemelerden olustugu, yeralti su
seviyelerinin de yiizeye yakin olmas1 materyallerde deformasyon artislarini tetikleyerek ciddi
stabilite problemlerine yol ac¢tifini ortaya koymustur. Ayrica derinlerde artan iri taneli
malzeme ardalanmalarina bagli olarak olasi sivilagsma riski de s6zkonusudur. Bu baglamda,
gerek orman alani veya rekreasyon alam1 ya da kentsel yapilagsma gibi yeniden kullanim
planlamasi1 Ongoriilerine bagli olarak gerekli “jeoteknik yeterlilik” igin ayrmtili risk
haritalarinin yapilmasi1 6nem ve oncelikli olmalidir.

ABSTRACT The study area named Yenikdy, Akpinar, and Agacl region was extended
between Kilyos and Karaburun and were located on the northern part of the Istanbul/Turkey.
The geotechnical investigations focused on the two domains as "filling materials" and "under
filling materials” were composed of overburden coal waste dumped materials on the open pit
mine lands. The materials were tested by Standard Penetration Resistance (SPT-N), Menard
pressuremeter, and Atterberg limits on the undisturbed samples. The objective here is to
provide a scientific and sustainable support for the engineering projects which will be
conducted for and during the planning of reconstruction and/or reuse (forest area, agricultural
land, urban construction, recreation area, etc.) of the mentioned mine sites. In fact, when the
findings obtained from data analysis were evaluated it was seen that the filling and under
filling foundations usually consist of medium and high plasticity (CL-CH) fine-grained soils
water table which is close to surface level has an increasing effect on the deformations, and
the related sites have significant stability problems. In addition, there is also a risk of
liquefaction associated with the bedding of coarse grained material which increases with
depth In this context, it should be of great importance and priority to create detailed risk maps
for the required geotechnical proficiency depending on the projects such as forest area or
recreation area, or the need to re-use, such as urban planning, and construction.

1 GIRiS kazilan kum, kil ardalanmalarindan olusan
Pliosen-I  kire¢siz ~ tortul = materyaller,
cevredeki orman alanlarinda ¢ukur yerlere
gelisigiizel olarak doldurulmustur. Agik ocak
isletmelerinin artiklart olan bu “dolgu” —
“dolgu alti” zemin materyalleri, yagis sulari

Istanbul’'un  kuzeyinde Karadeniz kiyist
boyunca Kilyos ile Karaburun arasinda
yeralan kil, kum komir yataklart 1980’li
yillardan beri kiiglik—orta olgekli olarak
isletilmektedir. Komiir yatagina ulagmak i¢in

151



N. Tokg6z

ve riizgar etkisi ile taginmakta ve ¢evredeki
diger ekolojik sistemleri de (kara, dere,
deniz) olumsuz olarak etkilemektedir
(Kantarci, 1988; Tokgoz, Izibelli, 1996,
Tokgoz, 2003, 2004, 2005a-b, 2009, 2010,
2011). Bu durum, sézkonusu arastirmanin 3
farkli amaca hizmet edecek sekilde
planlanmasi gerektigini ortaya koymustur:

e Istanbul ili Kilyos-Karaburun arasinda
yeralan Yenikdy - Akpmar ve Agach
Yoresindeki maden yataklarmin (kum, kil ve
komiir) korumaci ve gevreye uyumlu olacak
bir  plan/proje  ile isletilmesi  igin
desteklemek,

o Ac¢ik ocak kOmir isletmelerinin
iretimlerinin ~ sonlandirilma  asamasinin
oncesi ve sonrasindaki bilimsel ve teknolojik
destegi ‘“jeoteknik” ve “gevre” esash “ risk
yonetim modelleri” gelistirilmesine drnek bir
aragtirmaya dayandirilmis bilgileri ortaya
koymak,

e Kum - kil - kdmiir madencilik alanlar
ile buralardaki madencilik faaliyetlerden
etkilenen alanlardaki dogal ekosistemler ile
cevresel kaliteyi ve siirdiirebilir sosyo-
ekonomik gelismeyi saglayacak girigimlere
temel bilgi saglamaktir.

Bu diisiincelerden hareketle; Yenikoy-
Akpmar ve Agagli yoresi kum, kil komiir
acik ocak dekapaj ve iretim artiklarindan

olusmus  “dolgu” ve  “dolgu altt”
materyallerde  yapilmis  gozlemler ve
jeoteknik Olgme verileri analiz edilip,

degerlendirilmistir. Burada amag, sdzkonusu
bu yorenin kisa ve uzun siirede
siirdiiriilebilir yeniden kullanim planlamasi
amacl gergeklestirilecek  miihendislik
projelerine jeoteknik acidan bilimsel ve
teknik bir altyap1 destegi olusturmaktir.

2 ARASTIRMA ALANI VE JEOLOJISI

Istanbul’'un  kuzeyinde Karadeniz kiyist
boyunca Kilyos ile Karaburun arasinda
yeralan Yenikdy - Akpmar ve Agach
Yoresini kapsamaktadir (Sekil 1).

Bu Yore; Sarmasien’de (Denizel Miosen)
olusmus olan killi kumlu materyaller
arasinda yer alan, kum ve komiir (linyit)
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yataklart ile bunlarin {stiinii kaplayan
Pliosen-I1 (kire¢siz ve ¢apraz tabakali)
tortullarindan olusmustur. Linyit yataklar
ise alt miyosende yeralmaktadir.

Arastirma alaninda, arttk materyallerde
olusan dolgu kalinliklar1 5-26 m arasinda
degismekte olup, bunlarin arasinda yer yer
yesil, agik yesil-kahverengimsi yesil, kati
cok-kat1 ve orta-yiiksek plastisiteli, dagilgan
kumlu siltli  killer dikkat c¢ekmektedir.
Ozellikle arastirma alaninin batisinda 3.5 m
komiir tabakasi istiinde yaklagik 15 m
kalinliginda sarims1 kahve-koyu gri yer yer
kirmizimst kahve renkli yumusak, zayif
dayanimli  timiiyle ayrigmis  kiltaslan
yeralmaktadir. Diger seriler ise, 7-12m
kalinligindaki kumtasi - siltagi - ¢amurtasi
ardisimlart ile 0.8-3.0 m kalinliktaki silttasi-
¢amurtasi - kiltasi ardisimlari arastirma alani
icinde belirgin ve yaygin litolojik birimleri
olusturmaktadir.

Bu yorelerde derinlikleri 20-100 m
arasinda olan komiir yataklarina ulasabilmek
igin  Onemli miktarda makinali kazi
yapilmistir. Kazilan Pliosen - 1 (gakulls,
kumlu, killi) materyalleri ile komiir
tabakalarinin iistiinde yer alan killi miyosen
(linyitli seri) materyalleri en yakindaki ¢ukur
alanlara (vadilere) yigilmistir. Bu islemin
sonunda arazinin topografyasi degismis ve
dolgu materyallerinden olusmus tepeler ile
kaz1 yerlerinde goller ortaya ¢ikmistir. Dolgu
alanlarinda ise yiiksekligi 20 m - 140 m
arasinda tepeler olusmustur. Arada ise farkl
yiikseltilerdeki  ¢ukur alanlarda  goller
olusmustur. Gollerin  farkli  yiikseltide
olmalarindan dolay1 yeralti su seviyeleri
farkli derinliklerde (3.10 — 26.20 m)
bulunmaktadir (Bkz. S$ekil 1’deki jeolojik
kesit). Kilyos - Karaburun arasindaki alanda
yer alan kdmiir varliginin biiyiik bir boliimil
dretilmistir. Kuzeye dogru egimli olan bu
komiir yataklarinin  Karadeniz’in  altina
dogru dalmasindan dolayi, iretim kiigiik
olcekli de olsa “sedde madenciligi” yontemi
ile yapilmaktadir (Kantarci, 1988, Tokgdz-
Izibelli, 1996, Tokgdz, 2003, 2007, 2010).
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3 JEOTEKNIK VERI ANALIZI VE
DEGERLENDIRMESI

Bu calismada, Yenikdy - Akpinar ve Agagh
yoresinde 2011 yilinda yapilan 42 adet
sondaj c¢alismasinda elde edilen (H<40 m)
jeoteknik veriler degerlendirilmistir. Ayni
boylam iizerinde toplam 4150 m mesafede
yeralan 9 adet sondaja ait jeoteknik veriler,

kendi i¢inde “dolgu” ve “dolgu altr”
materyallerine gore siniflandirilarak,
incelenmistir.

Jeoteknik wveriler; fiziksel ve mekanik
ozelliklere gore derlenmis olup, ince ve iri
taneli malzeme ylizdeleri, birim hacim
agirliklart  (dogal su igerikleri (W),
Atterberg Limitleri [Likit limit (LL), plastik
limit(PL)] ile arazide yerinde yapilan
Standard penetrasyon (SPT-N), Menard
Presiyometre dl¢melerini kapsamaktadir.

Presiyometre;  Ozellikle de  “agsir
konsolide olmus kumlu, killi” - “yumusak
kaya” gegiglerinin oldugu ortamlarda,
orselenmemis zemin numunesi alinamayan
durumlarda,  zeminin = “gerilme -
deformasyon” davranigini arazide
(yerinde) ortaya koyan onemli bir 6lgme
yontemidir. Bu yontem, sondaj kuyusu
icindeki deney derinligine yerlestirilen ve
basing uygulanarak sisirilen sondanin su
hacminin veri olarak kaydedilmesi esasina
dayanir. Deney derinliginde c¢evredeki
materyale uygulanan basing ile kuyu
capinin genislemesi dolayisi ile hacim
degisimin iliskilendirildigi bu uygulama,

O6lgme  yapilan  materyalin  elastik
davranistan plastik davranisa gegip kalict
deformasyonlara ulagincaya kadar

siirdiirilir Boylelikle, zeminin “elastik
(deformasyon) modiilii (E,) ve limit basing
degeri  (P;) belirlenmis  olmaktadir
(Kayabasi-Gokgeoglu, 2012).

Yukarida sozii edilen jeoteknik veriler
“dolgu” ve “dolgu altt” materyal
zeminlere gore ayr1 ayr1 analiz edilip,
Bolim 3.1 ve 3.2’de irdelenerek,
degerlendirilmistir.

3.1 Dolgu Materyallerinin Jeoteknik Veri
Analizi ve Degerlendirmesi

Aynm1 boylam iizerinde toplam 4150 m

mesafede yeralan 9 adet sondaja ait

jeoteknik veri icinde sadece 7 adedi artik
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materyal dolgusu bulundurmaktadir. Bu
dolgularin fiziksel ve mekanik 6zelliklerinde
gore analizi ve analitik degerlendirmeleri
Tablo 1 ve Sekil 2’de topluca verilmistir.
Tablo 1 ve Sekil 2 birlikte irdelendiginde su
onemli bulgulara ulasilmaktadir:

e Dolgu derinliklerinin ortalama 15.61m
(Hp=7.4 - 26 m) yeralt1 su seviyelerinin ise
ortalama 10.5 m (YASS = 3.1 - 26.4m)
arasinda degistigi  belirlenmistir  [Bkz.
Tablo1, Sekil (a)].

e Ince taneli malzeme [(-200 no’lu elek
(0.075 mm] ortalamalar1 @9 = %52-84
arasinda, iri taneli malzeme miktarlarinin
[+4 no’lu (0.425 mm) elek Ustii] ise D4y =
%1.32-2.95 araliginda  degismektedir.
Degiskenlik katsayilarinin yiiksek olmasi
ise, artik dolgu materyallerinin gelisigiizel

istiflenmis  oldugunu, bundan dolay1
heterojen artik materyal sinifinda
olabilecegine isaret etmektedir. Bu tir

materyallerin icindeki su, kumlu ve cakill
materyallerdeki gibi hizli sizamadig1 ve uzun
stire tutuldugu i¢in bu tlir materyaller dona
karst  hassas materyal smifinda yer
almaktadir. Ayrica, @ ,00) = %52-84 > %45
olmasindan pompaj etkisinin de
gozlenebilecegi unutulmamalidir (Bkz. Sekil
2). Pompaj, zemin mekanigi literatiiriinde;
rijit (beton) {istyapt kaplamalarinda ince
tanelerin suyla akici g¢amur kivamina
doniserek, agir trafik yiikleri altinda ¢amur
pompalamasi durumunda alt kisimlarinin
bosalip desteksiz kalarak kaplamalarin

catlamasi olarak tanimlanmaktadir (Tung,
2007).
eDolgu  zeminlerin  birim  hacim

agirliklarimin 1.56 - 1.72 gr/cm’ arasinda,
dogal su igeriklerinin ise, %?23.77-50.5
arasinda degistigi ve artan ince malzeme
miktarina bagl olarak birim hacim agirlik ve
dogal su iceriklerinin arttig1 belirlenmistir.
eDolgu artik materyallerin Casagrande
abagmma gore degerlendirildiginde ise,
Atterberg limit ortalamalarinin; likit limitte
LL = %38.23 - 32.13 ve pastik limitte nb
PL = %20.64 - 24.96 ve Plastisite indeksinde
ise PI=%14.57 - 26.30 araliginda yer aldig1
goriilmektedir [Bkz. Tablol, Sekil (b)]. Bu
degerlere gore dolgu materyallerin biiyiik bir
¢ogunlugunun PI=0.73 (LL-20) dogrusunun
istiinde yer aldigt igin “killi” materyal
sinifinda ve 15 < PI <40 sinir araliginda
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yer aldigindan dolay1 da “orta (CI) ve yiiksek
plastisiteli (CH)” materyal olabilecegi
belirlenmistir. Ayrica, bazi dolgu
materyallerinin PI > 40 smir araliginda
“asi (CV) ve ¢ok asirnt plastik
(CE) ’sinifinda bulunmasi1 da kayda deger
onemli bir bulgudur (Bkz. Sekil 2). Kil
tiirlerinin ise, sisebilme yetenegi az olan iki
tabakali killerden “illit "minerali, LL >70 ve
PI>40 sinir sartlarinda CV  ve CE
bolgelerinde bulunmast, ilgili kil mineralinin
i¢ tabakali Kkillerden “vermikiillit” veya
“montmorillonit”  olabilecegine  isaret
etmektedir. Plastik kil ve siltlerden olusmus
CL, ML, ve OL grubu zeminlerde,
sikisabilirlik 6zelliginin nispeten az iken,
CH, CV ve CE grubu materyallerde artan

dolgu yiiksekligine bagli olarak  “agur:
oturmalar” beklenebilecegi burada
hatirlanmalidir.  Ayrica, ince  taneli

(kohezyonlu) zeminler plastik limitlerinden
daha az su igerigi (yani daha kuru
durumdayken) sikistirilacak olurlarsa, ileriki
yillarda veya yagisl/nemli mevsimlerde
tekrar artacak olan su icerigi ile doygun hale

gelerek tagima giligleri Onemli oOlgiide
azalabilirler.
eDolgu artik materyalleri  Likidite

indeksine (LI) gore degerlendirildiginde ise,
0 < LI < 1 makaslamaya kars1 plastik bir
davranig gosterecegi, materyalin %30’una
yakin boliimiinin ise L > 1 oldugu igin
makaslamaya karst “akiskan (viskoz)” bir
davranig sergileyecegi goriilmektedir. Kivam
indeksi agisindan bakildiginda ise, ¢ok
yumusak ve yumusak zemin ile yine yaklagik
%30’luk bir dolgu materyalin ortalama 15 m
derinlik igerisinde “akiskan  (¢camur)
kivamda” bulundugu Sekil 2’deki analitik
degerlendirmelerden elde edilen 6nemli bir
diger bulgudur. Bu durum ise, dolgu
yiginlarindaki kademe sev agilarinin yer yer
2.5-3:1 (>70°) olduk¢a dik ve gelisigiizel
istiflenmesi  ve Ozellikle optimum su
igeriklerinde yeterli mekanik sikigmanin
yapilamadigi durumlarda, bu zeminlerin
kayma gogmeleri ile stabilite problemleri
yaratmasi kagiilmazdir (Bkz. Sekil 2).

e Dolgu materyaller, Standart penetrasyon
(SPT) Nj¢ degerlerine gore irdelendiginde
ise, ortalama N=10 (9-20) gibi disiik bir
deger aldig1 ve bu deger ile yaklasik 8-10 m
derinlige kadar az ve orta kati kil sinifinda
yer alabilecegi belirlenmistir. Bu
materyallerin, artan dolgu yiki ve

dolayisiyla derinlik basincina bagli olarak,
bu degerlerin N>30 sinir sartlarina ulasarak
kati, ¢ok kati ve sert killi materyal siifina
dahil oldugu belirlenmistir [Bkz. Tablol,
Sekil (b)]. Ancak bu killi materyallerin ve
killerin ileride su almalari, sismeleri ve
camurlasarak c¢evrelerine “pompaj etkisi”
yapmalari beklenmelidir.

¢ Dolgu materyaller mekanik
biiyiikliiklerinden net limit basing degeri ve
elastisite (deformasyon) modiilii agisindan
degerlendirildiginde ise, ortalama olarak
Pin=4.5+1.8 kg/em®, E,=94 + 38 (kg/cm’)
degerler aldigi saptanmistir [Bkz. Tablol,
Sekil (d-e)]. Bu dolgu materyallerinin;
kiltasi, silttasi ve camurtasi gibi komiir
tabakasimin hemen iistiinde yeralan ve Ortii
tabakasini olusturan asir1 konsolide olmus,
ancak tiimiiyle ayrismis yumusak ve cok
zayif kayalardan olustugu, burada 6nemle
hatirlatilmalidir (Bkz. Boliim 3.2, Tablo 2).
Ilgili  materyallerin yaz = mevsiminde
yigildig, is makinalari ile yiizey diizeltmesi
yapilirken sikigtirildigi, sonra iizerine diger
dolgu yiiklerinin geldigi ve bdylelikle ¢ok
kat1 ve sikismis materyal 6zelligi kazandigi
bilinmektedir. Ancak, ince taneli
(kohezyonlu) zeminler, su icerigi ne kadar
fazla ise o kadar fazla plastik ve yapiskan bir
hal alip akiskan camur kivamina gegebildigi
gibi, ne kadar kuru ise sikigmaya karsi o
kadar fazla diren¢ gostererek sikismasinin
zorlagacagi ve bu yiizden gegici dayanim
artiglarina rastlanilabilecegi unutulmamalidir
(Aring, 2002; Arioglu-Tokgdz, 2005).

e Zeminlerin Presiyometre 6lgmelerinden
elastik (deformasyon) modiili ve net limit
basin¢ (Pry) Dbaglhh olarak tanimlanan
“E,/P;y” oram ile kil, silt, kum, kum-gakil
zeminler i¢in konsolidasyon mertebesi
belirlenebilmektedir  (Tablo 2) (Baquelin
vd., 1978). Buradan hareketle,

Tablo 2.Cesitli zeminler i¢in [E./Pix]
konsolidasyon oranlari (Baquelin vd., 1978)

Zemin tiirii [Ew/Pinl o

. o Asir1 konsolide >16 | 1.00

KIL e Normal konsolide 9-16 |0.67

e Yumusak 7-9 0.50

SILT o Agiri konsolide >14 | 0.67

e Normal konsolide 8-14 10.50

o Siki - cok siki >12 1 0.50

KUM e Orta siki - siki 7-12 10.50

o Siki-¢ok siki 0.33

KUM-CAKIL |, Orta sik1 - siki 3 0.25
E,=Elastisite (Deformasyon) modiilii, P;x=Net Limit Basing,

o = Zemin reolojik faktori
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dolgu materyallerde 6zellikle ince taneli ve
yiiksek plastisitelilerde (CH) Hgp < 10m
derinliklerinde asir1 konsolidasyon dikkat
¢ekmesidir. Ornegin 2-3 m gibi yiizeye yakin
derinliklerde [E,/Pin]= 25-40 degerler
alarak [E,/Pin] > 16 smir degerini asarak
asir1 bir konsolide bir yap1 sergilemektedirler
[Bkz. Tablol, Sekil (e)]. Bu durum ise; agik
ocak komiir arttk materyallerinin dekapaj
islemleri sirasinda olusturulan yiginlarinin,
daha eski tarihlerde ve oOzellikle yaz
mevsiminde yapilmis olabilecegini,
boylelikle zamana ve derinlik basincina
bagli olarak gdzenek suyunu kaybederek
sikisip, sertlesmesiyle ancak aciklanabilir.
Burada, dekapaj islemleri sirasinda materyal
istiflerinin serildikten sonra is makinalari ile
diizeltilip, serilirken sikigtirildigr da 6nemle
hatirlatilmalidir.

3.2 Dolgu Alti Materyallerin Jeoteknik
Veri Analizi ve Degerlendirmesi

Yenikdy - Akpinar ve Agacli yoresi ince
taneli “dolgu” alti” materyalleri ise kiltasi,
kumtag1 silltas1 ve c¢amurtagt gibi komiir
tabakasinin hemen iistiinde yeralan ve ortii
tabakasini olusturan asiri konsolide olmus,
(asirn  sikismig) ancak timiyle ayrigmus,
yumusak ve ¢ok zayif kayalardan
olugmaktadir (Tablo 3 a,b,c,d ve Sekil 4). Bu
serilerin kalinliklari, kumtas1 silttasi ve
camurtaglari  ardisimlarinda  7-12 m
silttas 1 - camurtas 1 -
kiltas 1 ardi s 1 mlari nda ise
0.8-3 m olarak dikkat c¢ekmektedir.
Komiiriin tavan ve taban kayacimin kiltas
gibi tlimiiyle ayrismis nitelikte c¢ok zayif
kaya sinifinda yeralmasi bu yoredeki maden
alanlarinda “veralti madenciligi” ve
“denizalti madenciligini” sinirlamaktadir.

Dolgu alti materyallerin laboratuvar —
yerinde Presiyometre degerlerinden elde
edilen dayanim verilerinden gerek RQD
gerekse tek eksenli basing dayanimi (o) ve
nokta yiik dayanimlari (I) gibi laboratuvar
Olemeleri birlikte degerlendirildiginde, su
o6nemli bulgular 6n plana ¢ikmaktadir:

e Kiltas1 ve camurtaglarinin PI =%58.2
28.5 indeks degerleri ile 6.=3 kg/cm’ en
disiik tek eksenli basing dayanim
degerlerine sahiptir. Bu degerlerin nokta yiik
dayanim degerleri ile mertebe yakinsakligi
(I, = 2.5 kg/cm®) ayrica dikkat ¢ekmektedir.
Bu dayanim mertebeleri ile adi gegen
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materyal ardisimi tiimiiyle ayrismis ¢ok zayif
kaya smifinda ve yumusak-normal konsolide
materyal olarak degerlendirilebilir (Bkz.
Tablo 3, sekil (c-d)]. Ancak diger bir dolgu
alt1 zemin tirii olan kumtaglari ile silltagi —
camurtagt - kumtasi ardisgimlarin  “asiri
konsolide” 6zelliginden dolay1 yerinde net
limit basing ve deformasyon modiillerinin
mertebe  yiiksekligi de ayrica dikkat
¢ekmektedir (Sekil 4a-b).

e Kayda deger olarak goriilen diger
onemli bir bulgu da; laboratuvar tek eksenli
basing dayanimi ile yerinde Orselenmemis
numuneler iizerinde yapilan presiyometrede
Olgmelerinden belirlenen basing dayanim
biiyiikliikleri arasinda ortalama 6 kat gibi
belirgin bir basing dayanim farki saptanmis
olmasidir. Bu farkin, timiiyle ayrigmis olan
dagilgan  nitelikli bu  dolgu  alt1
materyallerden, numune alma hatasindan
kaynaklanabilecegi ongoriilmektedir.

e Yukaridaki degerlendirmelere paralel
olarak bu arastirma kapsaminda ayrica,
dolgu ve dolgu alt  materyallerin
“konsolidasyon derinlikleri” (Hy.p ve Hy.p4)
kestirimi ile Elatisite (deformasyon) modiilii
“E,”’nin  SPT-N;y ve P;y dayanim
biiyiikliiklerine bagl kestirimleri ile ilgili
denenen tek ve cok degiskenli regresyon
analizlerinde ise %8-12 arasinda hata payi
ile ¢alisan anlamli ve kestirim giicli yiiksek
matematik bagintilar elde edilmistir (Sekil
3a-b). Buradan, konsolidasyon derinlikleri,

- Dolgu materyalleri — Hgxp =11.5m

- Dolgu alt1 materyaller - Hg.ps =13.0 m
olarak kestirilmistir (3a). Bilindigi gibi,
konsolidasyona neden olan etkiler; mekanik,
kuruma, zaman (ikincil sikisma) ve fiziko-
kimyasal (dogal c¢imentolasma) olarak
siniflandirilabilmektedir (Oztoprak, 2002).

Bu arastirmada konsolidasyon deneyi

ayrica  yapilmadigindan  materyallerdeki
oturma  miktarlar hesaplanamamustir.
Ciinkii, ince taneli zeminlerde drenajin

zorlugundan dolay1 konsolidasyon siireleri
uzun siirmektedir. Presiyometre deneyinin en
az on basamakli ve 1’er dakika beklemeli
basing-hacim degisim kayitlari ile belirlenen
deformasyon modiil degerleri, ince taneli

zeminlerin uzun sureli konsolidasyonun
tespitinde  yetersiz ~ kalabilecegi  ve
Presiyometre  deneylerine baglh  olarak

yapilacak oturma hesaplarinda temkinli
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Sekil 3. DolFu ve dolgu alt1 zeminlerin “konsolide derinlikleri (a)” ile deformasyon modiilii

(b) kestirimleri

mutlaka

olunmast  ve konsolidasyon
deneylerinden de oturma miktarlarinin
hesaplanmas1 onerilmektedir (Baquelin v.d,

1978, alintilayan
2012).
Ayrica, dolgu alti materyalerden komiir

Kayabasi - Gokgeoglu,
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tabakasinin hemen iizerinde yeralan sarimsi
kahverengimsi kiltaglarinin iizerinde 2-3m
araliklarla ardigimlanan sarimsi agik kahve-
gri nemli, ince—orta taneli dagilgan, ince

malzeme miktart % 20-40 gevsek killi ve
siltli kumlar ile yiiksek plastisiteli siltli

killerin, kayma gdc¢melerine (heyelana)
yatkin  materyaller  oldugu  arazideki
gozlemsel verilerden saptanmistir. Bu

materyallerin kazilip istiflenmesiyle olusan
dolgu materyallerde gelisen bir kayma
gbecmesi dinamigi de genel prensip semast
olarak  Sekil 4’te  verilmistir.  Arazi
gozlemleri, yumusak dolgu ve dolgu alti
materyallerin ¢ogunda gerceklesen
gocmelerin  dairesel bir kayma ylizeyi

boyunca olustugu dikkat c¢ekmektedir.
Ozellikle “2.5 - 3(D) : 1(Y) (>70°)” gibi dik
basamak sev acisiyla kademelendirilen bu
komiir iistii ortlii tabakasina ait “dolgu alti
materyallerde” kayma gocmeleri daha
siklikla goriilebilmektedir. Sev agilariin
birkag¢ derece arttirilmasi her ne kadar kazi
ve tagima maliyetlerini azaltsa da, giivenlik
katsayisin1 da azaltacagi gercegi burada
gozardi edilmemelidir.

Burada, g6l ve goletlerin komiiriin
tabandan yaklagik 40-80 m daha yiiksekte
bulunmasindan dolayr su alan materyalin
akiskan  bir ¢amur kivamiyla kayma
gdocmelerini tetikledigi gdzlenmistir.

® Yiizey sevlerinde agir1
konsolidasyon (oturma)
nedeniyle dolgu sevinin
yenilmesi

l* Bosluk suyu basing artisi ile
nedeniyle dolgu sevinin
yenilmesi (gé¢mesi )

Orjinal
dolgu

Dolgu
Yenilmesi ,#% !\
% - lizeyi

| |emmm e

AT -
- ., ikt
- s
g Mt

—

|

r
Py e

le Zayifiik diizlemi (agiri plastik akict
kil tabaka veya ardalanmalari,
cekme catlaklari, vd.) nedeniyle
dolgu i i,

e ————

Akan dolgu
# . materyali

AT g
T

e Sivilasma ve/veya dolgu
ortasinin yenilmesi

SU ALIP SISEN VE Ao
GAMURLASAN Kil— &
(AKISKAN GAMUR)

—“(_ ORJINAL
Nk Yozevi

Sekil 4. Dolgu alanlarda gelisen bir kayma gd¢mesinin dinamigi

4 SONUCLAR VE ONERILER
Bu arastirma biitiiniiyle degerlendirildiginde
su sonuglar elde edilebilir:

eBu aragtirmaya konu olan, Istanbul’un
kuzeyinde Karadeniz kiyisi boyunca Kilyos
ile Karaburun arasinda yeralan Yenikdy -
Akpmar ve Agachi yorelerini kapsayan bu
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arastirmada acik ocak maden isletmelerinin
artik materyallerinden olusan “dolgu” ve
“dolgu  alt1” materyallerin  jeoteknik
Ozellikleri irdelenerek, degerlendirilmistir.

e Sozkonusu  yoredeki  “dolgu”  ve
“dolgu” altr” materyallerin; kumtasi,
kiltas1, silltagi, ¢amurtasi ve bunlarin

ardisimlarindan olusmus, normal ve asir1
konsolide, tiimiyle ayrismis, yumusak ve
¢ok zayif sert zemin —yumusak kaya
gecislerindeki yeralan materyallerin ince
taneli (kohezyonlu) killi materyallerden
olustugu belirlenmistir.

e Dolgu alanlarint olusturan, siltli kil,
camurtas1 ve kiltast gibi plastisitesi ¢ok
yiiksek (CH-CV-CE) ince taneli materyaller,
“konsolide olmayan yumugak” veya “normal

konsolide”  olan  materyal  sinifinda
[E./Pin=7-10], kumtast ile kumtasi-silttasi
camurtasi,  silttasi-kiltasi  ardalanmalar1

olarak dikkat ¢eken dolgu altt —komiir Ustii
ortii materyalleri ise “asirt konsolide olmus
materyal” sinifinda yeralmaktadirlar. Ancak
ince  taneli (kohezyonlu)  malzeme
igeriklerinin -~ %50-84 ve dogal su
iceriklerinin de ortalama %28.7 oldugu asir1
konsolide olmus materyallerde Onem ve
oncelikli olarak dikkate alinmalidir.
eBurada, oOzelikle konsolide olmayan
(yumusak) veya normal konsolide olan dolgu
veya dolgu alti materyallerde yeterli
“geoteknik iyilestirmeler” yapilmadan bir
miihendislik yapi/yapilarinin  kisa vadede

uygulanmast durumunda; ¢amur
pompalanmast  (pompaj), asir1  oturma,
kayma gdocmeleri gibi ciddi stabilite
problemleriyle karsilasilabilecegi gercegi

onem ve oOncelikli olarak hatirlanmalidir.
Ayrica derinlerde deniz seviyesine dogru
yaklasildikga artan iri taneli malzeme
ardalanmalarina  bagli  olarak  olas1
“stvilagma riskinin” de ortaya cikabilecegi
unutulmamalidir.

e Bu baglamda, gerek orman alani veya
rekreasyon alani ya da kentsel yapilagma
gibi yeniden kullanom  planlamasi
ongoriilerine bagl olarak ayrintili “jeoteknik
risk haritalarimin”  yapilmasi Onem ve
oncelikli olmalidir.

162

TESEKKUR

Yazar, bir arastirma projesine ham veri destekleriyle
gosterdikleri mesleki ve bilimsel duyarliliklarindan
dolay1 Ulastirma Bakanligi-Alt Yap1 Dairesi Sayin
Yetkililerine en derin tesekkiirlerini sunmay1 bir
gorev bilir.

KAYNAKLAR
Aroglu, E., Tokgdz, N., 2005. Cozimli
Problemlerle Sev Stabilite Analizi, Evrim

Yayinevi, (417s.), Istanbul.

Arioglu, E., Tokgoz, N., 2011. Design Essential of
Hard Rock Mass & Coal Strength, Evrim
Publisher, (281p.), Istanbul.

Bacquelin, F., Jezequel, J.F., Shields, D.H 1978. The
Pressuremeter, and Foundation Engineering,
Trans. Tech Publications, Claustal —Zellerfield,
Germany, (978 p.).

Briaud, J.L. 1992. The Pressuremeter, A.A Balkema
(322p.)

Kantarci, MD., 1988. Catalca Yarimadasinin Kuzey
Kesiminde (Agagl Yoresi) Linyit Komiirii Agik
Isletme  Alanlarinda  Arazi  Kullanimi  ve
Agaglandirma Igin Temel Ekolojik Incelemeler ve
Degerlendirmeler. 1.U. Orman Fakiiltesi Dergisi.
Seri: A. Cilt: 38. Say1:1. (s: 60-90).

Kayabasi, A., Gokgeoglu, C. 2012. Tasima
Kapasitesi ve Oturma Miktarinin
Hesaplanmasinda Yaygm Kullanilan Y&ntemlerin
Mersin Aritma Tesisi Orneginde Uygulanmasi,

_ Jeoloji Miihendisligi Dergisi, 36(1) (s:1-22).

Oztoprak, S. 2002. Yiiklenmis Zeminlerde Gerilme-
Deformasyon Davramginin Teorik Tamimlanmasi
ve Modellenmesi, .U Fen Bilimleri Ensitisii,
Doktora Tezi, (376s). )

Tokgdz, N., Izibelli, U. 1995. Istanbul Agach
Bolgesi Komiir Yataklarinin Kisa Bir Tanitimi.
Hava Kirliligi ve Komiir Gergegi Kitab:, Bolim
I, Arnogluy, E. (ed). TMMOB Maden
Miihendisleri Odasi, Istanbul Subesi, (s:76-90),
Istanbul.

Tokgdz, N., 2003. Agaclandirilmis Acik Koémiir
Ocag1 Artik Materyallerinde Arazinin Islah1 ve
Materyallerin Stabilizasyonunda Aga¢ Koklerinin
Etkileri Uzerine Arastirmalar, Cevre
Miihendisligi  Programu, LU Fen Bilimleri
Enstitiisii, Istanbul.(250 s.).

Tokgdz, N., 2004. Research on the effect of the tree
roots on the forested land over the open coal mine
residual materials; rehabilitation and stabilization
of the land. Proceedings of the Eight
International ~ Symposium on Environmental
Issues and Waste Management in Energy and
Mineral Production - SWEMP 2004, In:
Pagamehmetoglu G, Ozgenoglu A, Yesilay AY
(eds), Antalya-Turkey, (pp:305-311).

Tokgdz, N. 2005-a. A study on the bio - hydro
mechanical effects of the tree roots on the Agacli
coal reclaimed-forested land. Geotechnical and



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

Geological  Engineering, (Former Kluwer),
Springer Science 23 (5), (pp:519-535).

Tokgdz, N., 2005-b. Agaglandirilmis A¢ik Komiir
Ocagi Artik Materyallerinde Arazinin Islahi ve
Materyalin Stabilizasyonunda Aga¢ Kdoklerinin
Etkileri Uzerine Arastirmalar. Madencilik ve
Cevre Sempozyumu, TMMOB Maden
Miihendisleri Odas1 Merkez Subesi, (s:189-198),

Tokgoz, N. 2009. A Landslide Analysis for the Post
Coal Mining Sites Developed in the Course of the
Reclamation and Forestation, 271° International
Turkish Mining Congress and Exhibition, 5-8
May, Antalya/Turkey (pp:185-198).

Tokgéz, N., 2010. A Case Study of the Agach
Landslide - Gully Complex during Post Coal
Mining Reclamation, Environmental Earth
Science, Springer, Vol. 59, (pp:1559-1567).

Tokgdz, N., Kantarci, M.D., Kiigiikaslan, K., Kuz,
M. 2011. Kilyos - Karaburun Aras1 Kum Kil ve
Komiir Sahalarinin Geoteknik ve Cevre Etiidi,
istanbul 1.U. BAP Proje No0:9248, (Devam
ediyor).

Tung, A. 2002. Yol Miihendisliginde Geoteknik
Uygulamalari, Atlas Yayin, (912s).

163



164



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

In — Pit Crushing and Conveying (IPCC): An Option to Transport
on Mining That Is Coast Lowering and Sustainable

T. Santos, J. Miranda

Universidade Federal de Ouro Preto, Ouro Preto, Brazil

ABSTRACT Aiming to work sustainably, mining companies all around the world search for
ways to minimize the impacts of mining on the environment. Ore transportation by trucks is
becoming one of the major causes of environmental impacts, due to the fact that it creates a
considerable amount of waste, such as tires and excessive carbon emissions on the
atmosphere. Beyond the environmental issue, the truck transportation method presents high
operational and maintenance costs. Thus, as an alternative to this transport model, emerged
on the decade of 1940 the possibility of carrying ores by conveyor belts and on the decade of
1950 emerged the first mobile crusher, which form together a system called IPCC. This
proposition for transport is becoming a trend on the mining sector. That because the main
issue became a factor of economy and viability of new enterprises along with the principles

of sustainability.

1 INTRODUCTION

Mining emerged in Brazil in the XVIII
century, when Portuguese expeditions,
called entradas e bandeiras, entered the
interior of the country searching for precious
metals. At that time, mining was predatory.
Mining was executed without caring for
environment issues and the main goal was to
bring richness to the Portuguese Crown. Past
the colonial period, mining activities
continued to happen without any concern for
the damage caused to the environment.

The first time the damage mining could
cause to the environment was discussed in
1988 with the creation of the Constitution of
the Federative Republic of Brazil. According
to the Federal Constitution, in its article 225,
subsection IV and paragraph 2, are provided,
respectively, the requirement of previous
study of environmental impact for the
implementation of works or potentially
harmful activities, besides the miner’s

obligations of recovering the degraded
environment, according to the technical
solution required by the responsible public
agency (Constituicdo, 1988). With the
regulation of mining exploration, nowadays
the companies do not care only about the
production levels, but also about minimizing
the environmental degradation. In the course
of time, the mining sector’s vision has been
suffering  positive transformations, as
highlighted Farias, “mining is one of the
basic sectors of Brazil's economy. It
contributes decisively to the welfare and
quality of life improvement of present and
future generations. It is crucial to the
development of an equitable society,
provided it is operated with social
responsibility, and the principles of
sustainable development always present
"(Farias, 2002).

Mining operations consist generally of
dismantling, loading and transportation.
Among these operations, transportation of

165



T. Santos, J. Miranda

ore is a big environmental problem to some
mining companies. In conventional mining,
the transportation is discontinuous, that is,
done by trucks. This transportation method
has advantages such as high mobility.
However, the damage to the environment is
meaningful, such as the generation of oily
waste, tires and scrap, besides the generation
of carbon dioxide due to the burning of
fossil fuels and the need of vegetation
removal for road building. Figure 1 shows
the conventional extraction method cycle.

DISMANTLING el | o5 i

o TRANSPORTATION

RETURN BY TKUChS

Figure 1: Conventional extraction method
cycle.

Besides all these issues regarding the
environment, discontinuous transportation is
expensive, because the trucks operate empty
for 50% of the time. So, alternatively, the
continuous conveyors emerged. And these
proved to be far less injurious to the
environment.

In this article, the objective is discussing
an alternative transportation system to the
trucks. This transportation system consists of
belt conveyors and mobile crushers, which
together form a system called IPCC, also
known as continuous transportation.

2 METHODOLOGY

The following databases were consulted:
Portal de Periodicos Capes, Scientific
Electronic Library Online (Scielo), theses
from the Universidade Federal de QOuro
Preto. The following key words were used:
mining, conveyor belt, mobile crusher, in —
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pit crushing and conveying. Articles and
theses were selected, based on the theme.

3 DISCUSSIONS

In the beginning of the 1940s studies of
alternatives to ore transportation by trucks
were initiated because it was responsible for
more than half the costs of mining.
According to Trueman, 52% of the activities
cost in a mine that operates by the
conventional method belong to ore
transportation by trucks (Trueman, 2001).
This cost distribution is shown on Figure 2.

Figure 2: Cost of mining conventional
method

The alternative found to ore transportation
by trucks was the use of conveyors. The ore
is subjected to dismantling, loaded by
loaders and released on a conveyor belt that
carries the ore to the plant for crushing and
further processing. For better choosing the
type of conveyor belt, the distance that the
belt has to beat, the type of material and the
level difference between loading and
unloading are taken into account. In the
mineral production bulk commodities
transportation is the object of great attention
because of its influence on the operating and
maintenance costs and the concerns about
safety and the environment. The conveyor
belts are presented as a means of
transportation suitable for a wide variety of
applications, for its security, reliability and
low implementation and operation cost
(Calijome, 2011).
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According to Lopes, the biggest costs of
mining with conveyor belts are divided
between dismantling and loading. The costs
of loading are meaningful because they
encompass two operating activities: loading
and transportation of the material from the
mine to the belts both performed by the
loaders. The transport by conveyor belts
represents only 9% of the costs in this
mining method (Lopes, 2010).

Since the decade of 1960, some Brazilian
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 the
conventional mininﬁ method  with
transportation by trucks, low maintenance

cost, significant reduction of occupational
accidents and mainly reduction of carbon
dioxide, dust and noise emission. Figure 3
shows a conveyor belt from Germano Mine.
It belongs to a company called Samarco
Mineragdo.

Figure 3: Conveyor belt from Germano
Mine.

Around the decade of 1950, the mobile
crushing system emerged. This system is
characterized by the crushing taking place
inside a pit. According to Schrdder, in 1953
the Thyssenkrupp built the first mobile
crusher, which was used in lime extraction
on a mine in Germany (Schroder, 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 sent,
either to the processing plant, either to direct
dispatch to clients. This brought a further

decrease of operating costs. With the

increasing demand for higher productivity
and lower operating costs, a growing number
of companies recognize the benefits of
mobile crushing. A mobile crusher is shown
in Figure 4.

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 5: Self-propelled crushing system.

Lopes conducted a study in a mine called
Alegria to Samarco Mineragdo in the region
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of Mariana / Minas Gerais. This study
aimed to compare the operating costs, the
carbon dioxide emissions and the energy
consumption using three different types of
ore transport. The means of transportation
used in this comparison were: the traditional,
by trucks (Alternative 1), by the conveyer
system (Alternative 2) and the one with
mobile crushing (Alternative 3). In the
method that uses mobile crushing, once
fragmented, the ore goes to mobile
conveyors, configuring the in-pit, self-
propelled system. As a result of research,
Lopes concluded that the use of fossil fuel
for transported ore was 3.25 and 2.06 times
higher in the alternatives 1 and 2,
respectively, in relation to the third
alternative. Concerning electricity
consumption a reduction of 77% and 12% in
the alternatives 1 and 2 is presented in
relation to Alternative 3. Regarding costs,
alternative 1 and 2 show 59% and 36%
higher costs respectively, compared to
alternative 3. Still, according to this author,
this type of self-propelled mobile crushing
has enough mobility to accompany the
movements of loading equipments in the
resumption to the ore pile. This equipment,
at the time of dismantling, gets out of the ore
launching range quickly, keeping the system
interconnected, allowing the quick return to
operation  after  dismantling. = These
characteristics make this method more
efficient (Lopes, 2010).

A study presented by Schrdder, also
proved that the method of in- pit mobile
crushing using conveyors has lower
operating cost than the traditional method by
trucks. The types of transportation studied
were the conventional method by trucks and
the In-Pit Crushing and Conveying. The
costs using IPCC showed a reduction of 64%
compared to the transportation by trucks
(Schréder, 2003).

Exploitation of a small limestone mining
in Austria, was possible only through the use
of the IPCC with glory hole. This system
consists in using a mobile crusher, a tunnel
that leads to the conveyor and a vertical
shaft that allows the removal of the ore.
Beyond economic issues, it is interesting to
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highlight the recovery of energy generated
by the descending carrier. Thus the small
mining became self sufficient in energy
because that recovery is sufficient to keep
the whole system functioning. According to
Toshihiko Ohashi, despite being a small
operation, the project proved to be an
intelligent solution that could be applied in
large-scale in Brazilian mining, with good
results (Minérios e minerales, 2011).

Several companies around the world
invested and still invest in a system of in-pit
mobile crushing and subsequent transport by
belt (IPCC). Besides the reducing costs, the
use of this system has been highlighted for
being the method of transportation that less
degrades the environment.

Even though the mobile crushers and the
conveyor belts have been created some time
ago, only recently the IPCC has been used
more effectively. While reducing the
operational costs, its deployment requires
previous studies of mining exploitation and
its operation requires skilled manpower.
Vale, the largest Brazilian, and world's
second largest mining company is in the
process of licensing an iron ore mine located
in Serra Sul, Canaan dos Carajas - PA,
which promises to be the largest reserve of
hematite in the planet. The mine is planned
to produce up to 90 million tones of iron ore
per year. The project has been named S1/D
and promises to be a reference in
sustainability. Unprecedented in iron mining
history, the transportation method will be
100% IPCC with use of self propelled
mobile crushers and mobile conveyors.
According to Goes, if the S/1/D mine was
operated by off-road trucks, it would be
necessary 100 huge trucks that would
consume 65 million liters of diesel per year.
With the mobile conveyors, the diesel
consumption will be of 15 million liters per
year, a savings of 77%. Only the auxiliary
equipments will continue consuming fuel.
The main equipment will be powered by
electricity. There will be carbon dioxide
reduction in identical percentage of diesel
and 174 large tires that are changed every
year in trucks will be saved. Highlighting
that, there will not be road building for the
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trucks because the conveyor overcomes long
distances and allow the processing plant to
be located outside the forest, eliminating the
need to remove more than 1000 hectares of
vegetation of Carajds National Forest (Vale,
2012).

According to the studies reviewed for this
article it is finally possible to highlight the
advantages of IPCC and disadvantages of
the of the conventional transportation
method by trucks. The advantages and
disadvantages are shown in table 1.

Table 1: Advantages of the IPCC System
andkdisadvantages of the transportation by
trucks

The advantages of IPCC are listed below:

Reduced emissions of carbon dioxide, because
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:

High carbon dioxide emissions from the fossil
fuel used in the trucks.

Production of noises by the trucks that can
affect the environment of nearby urban centers
or wildlife in forests.

Generating a lot of garbage due to tire waste
and truck maintenance.

High operating cost because the trucks travel
empty half the time.

Need of forest removal for road construction.

4 CONCLUSION

Regarding transportation in mining, the
trend is to opt for the use of transportation
without the use of trucks, the IPCC system.
Mining companies, especially large ones,
have been evaluating the possibility of
replacing the conventional method because it
is costly and also degrades the environment
too much.

As shown by some studies, such as Lopes,
especially in large mines, as the transport
distance to the processing plant increases,
the transportation cost by the conventional
method also increases, so the IPCC system
becomes competitive.

Despite the tendency to offer ready
solutions in the market, there is no one ideal
system for all operations. The selection of
the most appropriate transportation system
for each operation must take into
consideration some issues like: economic,
social, environmental and technical issues.
Trying to apply an existing project without
taking 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
available.
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ABSTRACT The slope movements represent a large diversified family; these movements
correspond to a major constraint for the mining works. The starting factors of the mechanical
processes in the beginning of instabilities must obviously be studied with precision. Indeed
they are represented in the upstream charts of events with sometimes dramatic consequences.
The objective of this paper is the identification of causal relations who allows judicious and
early interventions from the point of view of risk management.

The case of the landslide of Kef Essenoun, Who occurred in the phosphate’s open pit mine
of Djebel Onk (Algeria), presents the typical example of the negligence of geotechnical
studies which could prevent these risks. With this intention, traditional and numerical
methods will be applied for the determination of the probable causes of the landslide.

1 INTRODUCTION
The right design of open pit slope is an 2 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 of located on the southern side of the
determining the most economic pit limit and ~ Cretaceous anticline of Djebel Onk “Bir El
the most economical mining program for a  Ater, 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 toa et
landslide. The study of the releases factors of = F=mmd S === i e |
this slip it is proven valuable for the ==& i TR A |
comprehension of this phenomenon and the  Figure 1. Simplified geological map of
prevention of this kind of catastrophe in the  Djebel Onk

future.

i e
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The tectonic activity involved an abrupt
change of the phosphate layer’s dip (which
was 15°) as it is presented in figure 2.

Note that, with the progress of the mining
works (excavation of slope toe) the abutment
of the superimposed layers decreases and

their dips increases; what influences

negatively the stability.
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Figure 2. Geologic cross-section of Kef
Essenoun before the landslide.

3 LANDSLIDE OF THE KEF-
ESSENOUN

On September 8th, 2007, occurred the
landslide of the north-eastern side of the pit
(Figure 3). An important mass of rocks was
detached from the rock mass filling the
entire pit (the volume of the sliding mass is
estlmated at 6 000.000 m”*).

T T

Flgure 3. The landshde of Kef Essenoun‘
open pit.
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3.1 Nature of the Landslide

The landslide appears, at first sight, like a
rotational slump (curved slip surface) but
according to the geological cross-section
(stratified formations) and the position of the
surface of failure (the bedding plane
between 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 4. The failure surface of the Kef
Essenoun landslide.

3.2 Geotechnical Characteristics

The rock formations Kef Essenoun are
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).
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Table 1. Geotechnical characteristics of
different rock formations.

Properties Quaternary  Limestone = Phosphate  Marl

Uniaxial
Compressive
strength
(MPa)
Angle of
internal 25 40 37 15
friction (°)

Rock

cohesion 1.96 8.24 7.35 1
(MPa)

Specific

gravity 18 255
(KPa)
Young's
modulus
(MPa)
Poisson's
ratio

19.17 58.84 22.55 21

22.55 20

27000 24000

0.32 0.25 0.28 0.40

3.3 Effect of Topography

For the case of the landslide of Kef
Essenoun, the sliding mass presents wrinkles
resulting from the side spreading out. The
effect of the topography on the mobility of
the sliding mass is weak in this case. The
effects of the seismicity and pluviometry are
weak because this zone is arid and
characterized by a weak seismic activity
(Figure 5).

Figure 5. Topographc costraint 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 m (Figure
6).

U Rt B gt bedior Bu Madiide
RaiD

Figure 6. Kef Essenoun open pit before the
landslide

The bench represented in red squares has a
rather good stability and the safety factor is
around 1.3, for a slope angle equalizes with
75°, for a critical condition of slope angle
which exceeds the 80° the safety factor is
around 1.0 (Figure 7). It is worth noted that
the overall slope of the open pit is in a
critical condition. But if the height and the
angle of the bench are taken equal to 15 m
and 55° successively with a bench width
equal to 15 m there will be an overall slope
of the pit characterized by 70 m height and
an overall slope angle of 30° from where the
safety factor will be higher than 2.

Factor af salery 8 Bench
[P ] i Chmrall

I ‘{“““

b in 0 o] J ulb  RE
slopie angle ()

Figure 7. The safety factor according to the
height and the angle of slope.
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3.5 SMR classification (Slope Mass
Rating)

The Slope Mass Rating (SMR) was
presented as a new geomechanical
classification for slopes in rock (Romana,
1985). The classification is obtained from
the RMR-system (Bieniawski, 1989), by
using an adjustment factor depending on the
relation between the slope and joints and
also a factor depending on excavation
method (Edelbro, 2003).

SMR = RMRyggic + (Fy. Fa. F3) + Fy

Where
F1 depends on parallelism between joints
and the strike of the slope face as:
F1 =(1-sin A)2,
Where A is the angle between the strike of
the slope face and strike of the joint.
F2 depends on the joint dip angle in the
planar modes of failure.
F3 refers to the relationship between the
slope face and joint dips (Bieniawski, 1976).
F4 is the adjustment factor depending on
excavation method of the slope.

The results of classification of rock mass

formations of Kef Essenoun is showing in
the following table:

Table 3. Classification of the rock
formations of Kef Essenoun (RMR system)

Properties Quaternary  Limestone  Phosphate ~ Marl
Compressive 5 7 4 2

strength

Rock quality

designation 13 13 13 13
(RQD)

Spacing of 20 20 20 20
discontinuities

Condition of 10 10 10 10
discontinuities

Ground water 15 15 15 15
condition

RMR i 60 65 62 60
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Table 4. Classification of the rock
formations of Kef Essenoun (SMR system)

Properties Quaternary ~ Limestone Phosphate ~ Marl
F1 0.70 0.70 0.70 0.70
F2 0.15 0.15 0.15 0.15
F3 =25 -25 -25 =25
F4 -8 -8 -8 -8

(F1.F2.F3)+ Fy -10.62 -10.62 -10.62 -10.62
SMR 49.37 5437 51.37 49.37

SMR classes Description: Class I1I; Normal

(Romana, Stability: Partially stable

1993) Failures: Planar failure in some joints and many

wedge failures
Support: Systematic

The results of SMR classification prove
that the mine was partially unstable and that
a plane failure will occur on the level of
some joints from where in this case the
failure occurred on the level of the bedding
plane separating the phosphate layer from
the marl layer.

Common for both soil and rock slopes is
the fact that the failure surface cannot
develop at the same instant throughout the
slope. There must be a progressive
mechanism  of  failure  development
eventually leading to the full collapse of the
slope (Sjoberg, 1996).

3.6 Numerical Simulation

The Modeling is carried out by using the
finite element code for soil and rock
analyses PLAXIS. Calculations are carried
out in plane deformation, by using a model
of 300 m out of 500 m. The Mohr-Coulomb
elastoplastic constitutive law is selected.
This law offers the advantage of a low
number of parameters. The finite- element
model is illustrated in Figure 8.

a B F
i it
it} =
& -
- B
[ T T |

mrmee [ i

Figure 8. The model geometry
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3.7 Results and Discussion

The volumetric strains are higher than 107
which is the field of the great deformations
what confirms than the open pit mine course
a risk of instability (Figure 9).

[*10-3%]
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Figure 9. Volumetric strains.

Failures appear more on the level of the
marl’s layer which proves that this layer
can’t support the weight of the overlying

strata. The maximum values are concentrated
especially on the level of the toe of slope.

-

Figure 11. Shear strains

' A

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
quantitatively. 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

valuable for the insurance of the results. The
geotechnical study and the intervention of
the geotechnician are necessary and even
obligatory for the risk prevention in the
mining field.
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ABSTRACT In recent years, remote sensing technology has provided valuable information in
the field of mineral exploration. Satellite data have been used widely in geology and
exploration and to determine the location of mineral deposits. The remote sensing techniques,
has been used significantly in the updating of geological maps, improved quality, and
thematic mapping such as alteration zones maps, rock units, lineaments and fracture patterns,
and has saved time and cost of in mineral potential mapping.

This project was conducted in the Darehashki Gold deposit with 2.45km” that is located in
extreme NW of Isfahan province and north of Muteh village. The deposit is one of the
ninefold gold deposits formed in Muteh Complex which occurred in central of Sanandaj—
Sirjan structural-metamorphic zone.

Lithological investigations show that the geological units in this area include: Precambrian
metamorphic (green schist facies with different mineralogy) hornfelse, silicified and
mineralized veins and granitic intrusions. This series have been deformed in effect of tectonic
alternating phases.

Gold mineralization has occurred in relation to hydrothermal alterations in metamorphic
units (schists and quartz veins in schist-granite contacts).Gold-containing minerals include
pyrite and chalcopyrite.

In this project, ASTER satellite images were used in different band combinations for
extraction alteration zones associated with gold deposits, fractures and faults systems,
intrusive units according to their possible role in the mineralization area and relationship
between alteration zones and fracture systems and faults were investigated.

According to the results of field survey and the availability of gold alteration zone-as an
indicator- in the area, were provided an opportunity for assessing the accuracy, control and
compare the results of remote sensing studies with field studies. Finally, remote sensing
studies for in this district can be used as a model for exploration of similar areas.
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1 INTRUDUCTION

The study area is located in the central
part of sanandaj- sirjan metamorphic zone
This zone has a great potential of
hydrothermal deposits such as Agdarreh
(gold), Zarshouran (gold) and Angouran
(mixed sulphide—nonsulphide zinc) (Figure
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
zones). Supergene alteration results in the
formation of extensive iron oxide minerals,
giving characteristic yellowish or reddish
color to the altered rocks. These alteration
minerals can be detected by remote sensing
techniques (Abrams et al., 1984; Elvidge &
Lyon, 1984; Amos & Greenbaum, 1989;
Drury & Hunt, 1989).

ASTER data has been used to locate areas
of iron oxides and/or hydrous minerals which
might be associated with hydrothermal
alteration zones. The host rocks that contain
ore deposits of hydrothermal origin always
show the result of interaction with the
hydrothermal fluids that change the mineral
and chemical composition of the rock and
cause the deposition of the ore and related
hydrothermal minerals (Rutz-Armenta &
Prol-Ledesma, 1998).

Aster Image dataset (Terra satellite) with
having suitable spatial and spectral
resolution, has a significant impact on
geological and exploration studies. This
dataset, with suitable spectral resolution in
infrared reflection range -that most minerals
are having absorption spectral charts in it -
provides the possibility of detachment
various alteration types. In addition, In
addition, this sensor having five spectral
bands in the thermal infrared range is
considered a Multi thermal sensor that can
separate Lithological units in this way.
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Aster images are classified in 14-band.
The features of sensor images include:
- Visible Near Infrared images (VNIR) with
a ground resolution of 15 meters (3 bands).
- Short Wave Infrared images (SWIR) with a
ground resolution of 30 meters (6 bands).
- Thermal Infrared images (TIR) with 90 m
ground resolution (5 bands) (Fig. 1).
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Figure 1. ASTER spectral bands and their
classifications.

In this project, we used the ASTER
images in various band combinations for
extracting geological structures (faults and
lineaments), rock unit types and alteration
associated with gold mineralization.

2 GEOLOGICAL SETTING OF
DARREHASHKI GOLD DEPOSITE

Darehashki gold deposit is located in 55
Km of eastern Golpayegan city, central Iran
(Fig 2). The deposit in one of gold deposits
of occurred in Muteh complex. The complex
were occurred in Sanandaj-Sirjan structural-
metamorphic zone which has 1500 Km long
and 150 to 200 Km. The Sanandaj-Sirjan
zone related to the creation of the Tethys
ocean and its subsequent destruction during
Cretaceous and Tertiary convergence and
continental collision between the Afro-
Arabian and the Eurasian plates (Mohajjel et
al., 2003; Agard et al., 2005; Ghasemi &
Talbot, 2006; Moritz et al., 2006; Daliran,
2008). The complexly deformed subzone of
the Sanandaj-Sirjan zone, which hosts the
Muteh gold deposits, is distinguished by
abundant greenschist and amphibolite facies
metamorphic rocks (Mohajjel et al., 2003).
Mesozoic and Tertiary sedimentary rocks
overlying Paleozoic sedimentary rocks
predominate in the Muteh complex and are
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largely covered by Quaternary rocks, as
shown in Figure 1 (Moritz et al., 2006).

The Muteh complex consists of 9 gold
deposits for gold mineralization that Chah
Khaton and Senjedeh are extracted since
1991, as depicted in Figure 2 (Moritz et al.,
2006). The rocks in the vicinity of the Muteh
deposit are predominantly schist and gneiss,
subsidiary amphibolite and quartzite, and
local marble and magnetite horizons (Thiele
et al., 1968; Paidar-Saravi, 1989).

Figure 2. Location of the Muteh complex and
the Iranian famous hydrothermal deposits at
the intersection of the Sanandaj—Sirjan
metamorphic zone with magmatic belt of
Urumieh—Dokhtar. Simplified tectonic map
of southwestern Iran, showing the
subdivisions of the Sanandaj-Sirjan tectonic
zone (Stocklin, 1968 and Daliran, 2008)

The schist contains mainly quartz, biotite,
chlorite, and muscovite. The granitic rocks
emplaced in the metamorphic complex in the
immediate vicinity of the Muteh gold mine

are mediumgrained biotite and two-mica
leucogranites, which locally can be
extremely rich in quartz and feldspar and
mica poor (Thiele et al., 1968). Hornfelsic
rocks result from contact with the granite
(Paidar-Saravi, 1989).

Paidar-Saravi (1989) also described a
range of different meta-volcanic rocks,
including rhyolitic, dacitic, and andesitic tuff
and lava, which were already described in
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
intense, pervasive bleaching of the host
rocks. In areas where alteration is less
intense, it can be seen that the bleaching
occurs along small fractures crosscutting the
sub-horizontal foliation of the host rocks
(Moritz et al., 2006). It consists of silicified
rock with microcrystalline to crystalline
quartz, fine-grained muscovite, pyrite,
dolomite-ankerite, and albite overprinting the
metamorphic minerals of the host rocks.

Lithological units in Dareh-Ashki deposit
concluded green schist, granite and
hornfelse. Some parts of the deposit covered
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by alluvium. Green schist and hornfelsic
units are situated in northern part of the
deposit. Granitic units occurred in central
and southern parts of the deposit. Alteration
zones in the deposit consist of silicification
and argilic types. There is silisic veins and
veinlets by aperture between 1 cm and 1 m
and rarely consist of pyrite, chalcopyrite,
malachite and Fe-oxides.

3 IMPLEMENTATION OF REMOTE
SENSING TECHNIQUES FOR DATA
EXTRACTION

3.1 Pre-Processing and Corrections

Before processing the satellite images, it is
necessary that some corrections should be
made on the images, which is called the pre-
processing stage. These corrections are
applied to the raw images, which includes
geometric correction, radiometric correction
(to correct the effects of the uncertainties of
climate, topography and sensitivity of the
sensor) and Layer Stacking (matching VNIR
and SWIR) and etc. In this project, VNIR
and SWIR bands of ASTER image with a
pixel size of 15 m for Layer Stacking (PS =
15m) was made and then a PIX file format
was developed to be used in the processing
stage. Satellite images often contain some
redundant data that calling them "noise" such
as false light and atmospheric -effects
(humidity and cloud). The present of this
data, will reduce the image resolution
(contrast).This  information should be
removed from image to be clearer.
Therefore, after applying the correction, the
appropriate enhancement and detection is
performed in PCI GeomaticaV9.1 software.

3.2 ASTER Image Processing

Satellite image processing provides the
possibility of extraction geological data:
-Altered distinguish zones according to the
type of geological units.

- Identification and mapping of fractures and
faults to evaluate the structural situation.
-Evaluation of alteration zones associated
with faults and fracture systems
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-Separating intrusive units according to their
possible role in mineralization in the area.

3.2.1 Lineaments, faults and structures
extracting

To distinguish structures in satellite
images, usually based on the status of the
plants, the drainages path deviation, an
abrupt change in lithology, differences in
images tone and texture and changing
Lithological unit's trend. Structures are
including major and minor faults, annular
structures that were divided in Image Work
section from PCI GeomaticaV9.1 software
with using different filters in the studied
area. Filter is applied to the better detections
of structures.Geological structures, faults and
ring structures in many  geological
environments have significant association
with mineralization. In other word, structures
control the mineralization processes. In fact,
the faults are considered as suitable place for
adoption minerals.

The first Structures that identified by
satellite images were ring Structures. These
structures can be associated with the
intrusive effects which have any outcrops at
the surface, but cause to alterations at
surface. Many alterations occurred at the
intersection of faults or ring structures. Thus,
identifying and mapping on satellite images
help to the exploration of mineral potential
and tectonic position in the study area.

For detection of ring structures in the
study area, ASTER images with different
band combinations were used. Initially, it
was used 1,2,3 band combination in RGB
with using Image Work section from PCI
GeomaticaV9.1 and Arc View 3.2 software
and structures were identified in these band
combination(Fig 3b,3c). Then, 1,3,4 band
combination was used to verify the extracted
data.  Concurrent, were used Edge
Sharpening filters (to detect faults border and
ring structures) and Laplacian Edge detector
filter (for separating mountain ridges of
faults).

In Figure 3a, the image of ETM, Landsat 7,
are shown general trend of the overall
structures of study area. As you can see in
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this figure, the lithology unit trends are the
NE -SW which is associated with a large ring
structure. This ring structure could increase

the possibility of mineralization in other
parts of the structure.

Figure 3a.Image of ETM Landsat with combining bands 2,4,7 in RGB and show the overall
structure of tectonic in studied area. In this figure, ring structure (turquoise line), major faults
with NE-SW trend (blue lines) and studied area (red rectangle) are shown. Figure 3b. ASTER
satellite image with band combination 1,3,4 in RGB and show ring structures ( turquoise line)
and studied area (green rectangle) . Figure 3c. ASTER satellite image with band combination
1,3,4 in RGB and show minor faults (yellow lines) and studied area (green rectangle)

Figure 3b, shows overview of ring
structures and Figure 3c, also shows the fault
lines in the study area (green rectangle). As
you can see in these figures, Major faults
(yellow lines) are the main trends in the
region with the NE — SW.

3.2.2 Identification and differentiation of
rock units

For identification of rock units in this area,
bands VNIR (wavelength range 0.52 to 0.86

pm) and SWIR (wavelength range 1/6to 2/34
um) were evaluated in different combination
band for the rock units.

Finally, the combination band (RGB =
631) with simultaneous application of
equalization and Linear filters were used for
better representing the spectral and spatial
variations of pixels and better visual acuity
and identification of the boundaries between
rock units. After separation of the geological
units, the unit's controlled and were named
with field operations.
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3.2.3 Separation of alteration zones
associated with gold mineralization

Separation and detection of hydrothermal
alterations is important Privileges of satellite
images. Provided, the effects of them be seen
in the surface of the earth. Hydrothermal
alterations are complex process involving
changes in mineralogy, texture and chemical
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 to
confirm the presence or absence of
mineralization.

The purpose of ASTER image processing,
in this part is identified different alteration
zones such as argillic or clay and iron oxide
alterations. For this aim, will be an
unsupervised classification to inform of
spectral classes images (find End member).

It is done in Envi4.2 software with
SMACC algorithm (Sequential maximum
Angle Convex Cone). Likewise determining
end of member, the frequency of each
spectral class in the image is determined.
These classes can be associated with one of
the alteration that these are compared as
visually in image or through the spectral
library. Spectrum associated with alteration
minerals that we are following them is stored
from USGS spectral library separately (Fig
4).

Then, extracted End member from the
image be correlated with mineral spectra in
the library. With identification each
mineral s absorption and reflection point, can
use different methods in ENVI software for
spectral data analysis.

One of these methods is MATCH
FILTERING. In this way, the reflecting
digital value of each pixel is compared with
reference values of minerals. In other
methods-SAM (Spectral Angle Mapping) -
the nearest spectral angle of the minerals, as
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standard, with the nearest spectral angle of
pixels of the image are compared.

Figure 4. Overview of the spectral library in
ENVI software

Finally, the probability distribution of
alteration is obtained. Then with the help of
remote sensing interpretation and geological
maps, are correct and finalized.Extracting
information from satellite images in this
section include: Extraction and detection of
Kaolinitic — Alunite alteration, Illite —
Sericitic ~ alteration, advanced argillic
alteration (with using separation Pyrophillit
mineral), iron oxide, and silica alteration.
Multivariate analysis LS-Fit (Linear Band
Prediction) is another method that was
used.In processing the images in this way,
the bond that have objections with other
types of spectral bands are analyzed.The
results of this method as compared to the
mentioned methods, have a higher accuracy
And the noise is much less.

3.2.1.1 Extraction of iron oxide alterations

The main alterations observed in ASTER
image of studied area is iron oxide
alterations, which with band combination
1,2,3 (ie visible wavelengths) are clearly
separated.As seen in Figure 5, the main
alterations of iron oxide aligned with the NE
— SW tectonic trend .These alterations must
be investigated with field operations until to
be confirmed probable mineralization with
them.
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Figure 6. ASTER satellite image with band combination 1,3,4 in RGB and show a) the
distribution of the mineral kaolinite is representing argillic zone is shown (red) b) the
dispersion zone of advanced argillic alteration (Pirophyllite mineral) c)prophyllitic alteration
d) the dispersion zone of phyllic alteration (illite) is shown (yellow)

Figure 5. ASTER satellite image with band
combination 1,2,3 in RGB and show iron
oxide alteration(yellow) and studied area
(red rectangle).

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 Illite 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.
Advanced argillic alteration using the
ASTER data in center and western parts of
the study area has been divided. In Figure 6c¢,
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
(epidote - chlorite)

alterations  extraction

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 6¢. Propylitic zone
which have separated the blue color in this
picture (Fig 6c)

3.2.1.4 Extraction of silica alteration

Due to the close relation of gold
mineralization and altered silisic zones,
silisic alteration separation helps to identify
potential opportunities for significant gold
mineralization zone.The best reflection of
silica in ASTER images is the range of
infrared wavelength.

Because spatial resolution of these bands
(90 meters) shouldn't expect that recognized
veins of silica with less 90 meter in lithology
units, but it rocks strongly silicified, and
exposed silisic vein with ninety meter wide
or larger can be identified.

Based on satellite data, considerable and
broad siliceous alteration zone appears in
Lithological units. It should be noted that the
separation of silica minerals as well as were
used other algorithms such as LS-fit and
SMACC in ENVI software (Fig 7).

4 CONCLUSION

The use of satellite images during the
early stages of mineral exploration has been
very  successful in  pointing  the
hydrothermally altered rocks. ASTER data
has been usedy for enhancing the areas with
clay mineral alterations and iron oxide
minerals.

Principal component analysis was done on
the 14 bands and the relevant principal
components are chosen to obtain images that
show iron oxide and hydroxyl minerals (band
combinations technique).
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Figure 7. ASTER satellite image with band
combination 1,34 in RGB show the
distribution of the silisic zone

Information derived from satellite images
involves the extraction of important
structures such as major and minor faults,
ring structures and clay altrations (propylitic
and argillic) and iron oxide alteration.

The relationship between Exploration and
these phenomena is very close. Most of
alterations occurred along faults or related to
the tectonic structure of the region.
Regarding the relationship between structure
and alteration with mineralization of gold in
this type of deposits, extraction of alterations
and structures increasing possibility of
existence gold mineralization.

In this project was trying with overlapping
faults and alterations associated gold
mineralization in satellite images, the best
areas with potential gold mineralization
identified. Then, these areas controlled with
field operation. Figure 8, was created
overlapping all of extracted data from
ASTER satellite images.

According to this picture, it looks like the
best place for a detailed exploration of gold
at the intersection where the interface
between tectonic structures and the alteration
is extracted from satellite images. Finally, we
can conclude here that remote sensing
technique can be used as a very reliable
method for enhancing the areas with
hydrothermal alteration as a fast and cheap
tool for exploration of orogenic gold
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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 Geology, v. 101, p. 1497-1524.
Paidar-Saravi, H, 1989, Petrographisch-
\ lagerstéttenkundliche Untersuchungen an
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région de Muteh, zone de Sanandaj-Sirjan (Iran
méridional): Comptes rendus Geoscience, 334,
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Figure 8. ASTER satellite image with band
combination 1,3,4 in RGB show the
distribution of all of the alteration zones
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Gas Pollutants and Dust of Truck Transport on the Open Pit
»Grivice* RMU ,,Banovici*

S. Demirovié, S. Gutié
RMU ,, Banovici“, Banovici, BiH

J. Markovié
Faculty of Mining, Geology and Civil Engineering, Tuzla, BiH

ABSTRACT Surface coal mining has caused significant pollution and degradation of the land
area directly affecting the quality of the basic elements of the environment. Water, air and soil
are threatened by surface coal mines, all depending on the applied mining technology, hired
equipment and machinery, as well as the working environment.

Truck transport of overburden from the open pit to the landfill, as a part of the
technological process of coal surface mining, is a source of several ways of environmental
pollution that are associated with the emission of pollutants, dust and noise increase. This
problem is more enhanced if the trucks are currently located near populated areas.

Following modern trends, the RMU "Banovici" were to start research on the impact of coal
surface mining on environmental quality. The research includes tailings and truck transport to
the landfill as one of the greatest sources of environmental pollution. The study included
tracking and monitoring of emissions of pollutants and dust during road transport of
overburden and its negative impact on air quality, and proposes measures to reduce their
negative impact on human health and the environment.

1 TEST LOCALITY active during the last period in Banovi¢ coal
basin. Digging coal in this basin is made of
two surface pits "Grivice" and "Turija" and
one underground mine. All of them are
located near populated areas (Figure 1).

Coal mining in the area Banovi¢l coal basin
is characterized by the continuity of long-
term and significant intensity. There were
several open pits and unerground mines
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Figure 1. Surface mining "Grivice" RMU "Banovi¢i" (Google)

Surface mining "Grivice" is characteristic for
being the most developed in the vicinity of
settlement Mrdi¢i through which partly runs
a route transport to the overburden dump.
This open pit excavates brown coal, with a
thickness of 18 m and barren layers above it
thickness from 50 to 150 m. Open pit
"Grivice" is generally characterized by solid
supporting walls made of gray, dark
limestone and marl, occasionally with blue
and gray-green marly clay interbeds overlaid
and tan or green clay in the basement. Rock
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and coalis minied, and the excavators,
hydraulic and conventional (shovels and
dredges) load on trucks. Trucks are "Terex",
capacity 154 tons, "Lectra Haul", capacity
120 tons and "BELAZ", capacity 136 tons,
and the transport is carried out during the day
(24 h). The total coal reserves in PK
"Grivice" are estimated at over 20 million
tons of raw coal. Current capacity of the pit
to 1 000 000 tonnes per year. The landfill is
at 1 000 m from the crater pit (Figure 2).
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Figure 2. Truck transport through the village Mrdici

2 DEFINITION OF AIR QUALITY

Air quality is presented by concentration of of these values are different than in the EU

given pollutants in the air and is expressed in
micrograms of pollutants per cubic meter of
air, at a temperature of 293 Kelvin and the
pressure of 101.3 kPa. In Bosnia and
Herzegovina, it is defined by the regulations
where there are certain values of certain
pollutants that can be found in the air. Some

and therefore their periodic corrections are
made and they are increasingly closer to the
values that are defined by the EU.
Regulations of contents of pollutants in the
air that are in force in Bosnia and
Herzegovina in order to protect human
health, are given in Table 1.

Table 1. Air quality limit values

Polluting Sampling period  The allowed average The allowed high value
matter value (pg/m3) (pg/m3)
SO, 1 hour 90 500 (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)
CO 8 hours - 10.000
0; 8 hours - 150 (note 4)

note 1: not to be exceeded more than 24 times in a calendar year

note 2: not to be exceeded more than 7 times in a calendar year (98-i percentil)
note 3: not to be exceeded more than 18 times in a calendar year

note 4: not to be exceeded more than 21 times in a calendar year (98-i percentil)
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Table 2. Air quality limit values for dust sediment

Polluting Sampling period  The allowed average  The allowed high
matter value (mg/m’day) value (mg/m’day)
Sedimentary dust - total one month 200 350 (note 1)
Pb in sedimentary dust one month 0,1 -
Cd in sedimentary dust one month 0,002 -
Zn in sedimentary dust one month 0,4 -
Tl in sedimentary dust one month 0,002 -

note 1: refers to the month of the year with the highest values of sediment

In addition to these wvalues, the afore
mentioned regulations, the content of
pollutants in the air is given in order to
protect the ecosystem, also the target values
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 km® 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

the transport route. The aim of this kind of
selection of measurement points is to get a
real impact on the transport system
distribution, and change of air quality at the
site  around the transport system.
Measurements were carried out for the
sediment dust, airborne dust (total-ULC and
less than 10 pum LC-10) as gaseous
pollutants (CO2, CO, SO2, NOx,
formaldehyde and acrolein), in dry and wet
periods (when transport works and does not
work ).

3.2 The 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 pollutants

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/m’day)

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 1414,17 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 (ug/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 pollutants, measuring point 7 (20 m from the alignment
sdimentne and suspended particles (those of transport) are in Tables 3 and 5, and
below 10 microns, and total suspended) was  because of space, the results of this
performed on 12 measurement points. As the = measurement with the measuring point.
largest measured values obtained at the
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4 DISCUSSION

The results of measurements and comparison
with the air quality limit values for average
annual value, but also for the high value
notes that all of the measured values of
emissions of harmful pollutants are below
the prescribed limits. The reason for this is
the dynamic of removing overburden from
the mine waste and tailings from mining. The
frequency of vehicles on the roads is at a
frequency of 1 dig vehicle is moving toward
the landfill every 13 minutes, until it returns
with another vehicle disposal on land.
Crossing takes place in the middle the route,
or the part of the route that passes through
the village Mrdi¢i. Such traffic frequency is
not characterized by driving transport
vehicles in the row, and the emissions of
exhaust gases, regardless of the amount and
concentration, are not high enough to
significantly influence the general change in
the air quality in the investigated area.
However, no matter the measured values of
gaseous pollutants are below the limit, it is
indicative that the laboratory analysis
showed the appearance of harmful pollutants
that are not found in the natural setting of the
village, but that they are the result of the
effects of mining operations located in the
village environment Mrdi¢i. Traces of
extremely harmful pollutants, formaldehyde
and acrolein in the atmosphere of the village,
which is emitted from the exhaust gases of
diesel pick-up trucks, warn that some
measures to reduce emissions of these
pollutants have to be made.

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/m°day). Concentration
of precipitated powder-dust sediment, the
other measuring points are also above the
normative value of 200 mg/m’day, ie from
350 mg/m*day.

- Imission deposited dust decreased
significantly with increasing distance from
the pathway. For the measurement of 100 m

away from the route of transport emissions
of dust deposited in the winter go below
normative values. These results indicate that
the effect of truck transport decreases with
distance from the pathway.

- At tests were being conducted during
two periods, winter and spring, it can be seen
that the spring feature has higher emissions,
dust settling on the measuring cells
immediately around the route, which is
logical, because the emitted dust is mostly
deposited directly at the source of dust. The
winter has generally lower concentrations of
dust settling on the section of the route
compared to the spring, although the values
are still above the concentration limits.

- The maximum value of particulate
matter less than 10 micrometers (LC-10) was
measured in terms of: Dry, truck freight
works at the measuring point 7, and 20 m
from the transport route.

- The exceeding of the airborne dust
concentration was measured in all cases
except when it's wet, then transport does not
work.

- Total suspended particles present
floating dust sizes up to 40 micrometers.
According to the measurements of the largest
ULC dust emissions were measured in the
dry period when there is truck transport.

- Decline the airborne dust with
increasing distance of transport routes is not
as enhanced as in the sedymentary dust.
Emissions, dust suspended above the
allowable values for measurement points that
are further away from transport routes.
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5 CONCLUSION

Based on the obtained results, it was found
that the concentrations of gaseous pollutants
originating from the truck traffic do not
exceed the normative values.

On the basis of the results set sedimentary
dust emissions, it has been found that the
highest concentrations of dust deposited in
both periods of investigation are at
measuring stations located close to the route
of the road that runs through the village
Mrdiéi. Concentrations of dust settling on the
measuring stations positioned at the left and
right side of the motorway, close to the
households, decreasing with distance from
the dwellings of the pathway. Concentration
of precipitated powder exceed normative
values at the monitoring stations covering the
pathway. Emissions of dust deposited in
some places is 20 times higher than allowed.
Critical area in terms of measuring dust
presents route times and distances up to 100
m from the source of dust emission. At
greater distances than 100 m from the source
of dust emissions, is reduced as well. Dust
emissions due to truck transport are reduced
by up to three times in the wet period.

Emissions, airborne dust in some places
are up to 70 times higher than prescribed.
Airborne dust problem is more enhanced
since the high concentration of dust is found
in places that are far away from the route of
transporting more than 100 m.

As the surveys indicated that reducing the
concentration of airborne dust is in direct
dependence on the moisture of transport
routes, and it is followed by the basic
measures of protection from excessive dust
emissions into the environment. Maintaining
airborne dust levels below the limit values
can be achieved with intensive sprinkling of
the pathway in the dry period, in all seasons.
Water sprinkling is advisable to add some of
the absorption of funds for longer retention
of moisture. The mine, however, is
conducting the pouring of transport routes as
a measure of protection from excessive dust
emissions, but only in a very dry summer.
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ABSTRACT In Romania, in time but the most in XX century, were exploited 82 mineral and
power substances, in over 3,478 of identified quarries and open pits. 98.5 % (3427 quarries
and open pits) from the total surface exploitations extracted non-power mineral substances
and 1.5 % (51) power substances.

Very much exploited (78) were non-power substances (or mining commodities). Some from
these (bauxite, iron ore, manganese ore, copper ore, gold-silver ore, and complex ore) were
metallic ores. But the most non-power substances (73) were non-metallic mineral substances.
Only 4 were power substances: lignite, coal pit, bituminous schist, and bituminous sand. The
quarries and open pits were identified in all 41 counties from Romania and in Bucharest. The
distribution of quarry in these counties is non-homogenous, in correspondence with the
different geological structure and economical development.

Key words: mining statistics, surface mining, Romanian mining statistics, Romanian

surface mining, Romanian quarries

1 INTRODUCTION

Romanian territory is investigated in detail
from geological point of view and is well
known. While Romania is not a big country,
because of the very complex geological
structure, it has, identified and quantified in
resources and reserves, 110 mineral and
power substances (Marinescu, 2003).

Usually, being at the ground surface or
near (at little depth), the most numerous (82)
from these mineral and power substances
was exploited at the ground surface. The
information about the surface mining comes
continuous, yet from very old times.

In this paper it is analyzed the surface
mining situation on the bases of the present
knowledge data about all times. It is evident
that, about old and very old times, many data
are now too slightly and this first
presentation must to be improved, especially
with new archaeological data.

Of course, the most development of the
surface mining is registered in modern times.

2 SURFACES MINING ON HISTORIAN
EPOCHS

The surface exploitation was beginning
timid from the Pre-historical times, it was
strong pursued in Antiquity, it manifested a
more little development in Middle Ages and
had presented bigger extending to ours
times. The identified quarries and open pits
were upwards of 91 and the number of
mineral substances had exceeded 16.

2.1 Mining Surface in the Primitive

Commune

The slightly archaeological data about this
Pre-historical time speak about some mineral
substances surface exploitations: 6.
Certainly, surface mining (in primitive
manner) was practiced in more numerous,
but unknown today sites. The firestone was
much exploited but the archaeologists
indicate sure exploitations at Bercea Mare,
Lesnic and Roscani. In Cernat Hill, near
Roscani village, together with firestone, was
exploited the quartzite [Boroneant, 2000].
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The limestone was extracted at Gura Vaii,
in Neolithic times. Sand and gravel
exploitation was at Ghioroc.

Certainly, surface mining (in primitive
manner) was practiced in more numerous,
but unknown today sites [Marinescu et
Bogatu, 2005], especially firestone and
quartzite, on Darjovului Valley, Oltului
Valley, Dambovnicului Valley, Lupului
Valley, Prutului Valley.

2.2 Mining Surface in the Antiquity

In the Antique times, on present Romanian
Territory was existed two state entities:
Dacian Kingdom and Roman Empire.

2.2.1 Surface Mining in Dacian period

Although the Dacian state was very large
and well developed, it is known a very small
number of certain surface exploitation: 7.

The andesite was exploited at Uroi Hill
(Simeria city) and Pietroasa Hill (Deva).
With andesite from Pietroasa Hill was
constructed the well known sanctuaries from
the Sarmizegetusa Regia (Gradistea Muncel
today) chapital [Boroneant, 2000].

The limestone surface mining is known in
Magura Hill (on Streiului Valley), near
Calan city and Ardeu (past quarry, near a
Dacian stronghold partially destroyed of a
modern quarry. The sand was extracted at
Ghenetea. From river sands, in indeterminate
points was extracted gold of very good
quality [Marinescu et Bogatu, 2005].

At Bajan Hill (Deva) and Gradistea point
(Santa Maria de Piatra, near Calan) the
archaeologists had indicated two
indeterminate rocks quarries from Dacian
period but exploited and in Roman period
[Boroneant, 2000]. Many Dacian surface
mining had disappeared because the
exploitation had continued in Roman times.

2.2.2 Surface mining in Roman period

The culmination (surface exploitation
number and exploited mineral substances
number) of surface mining in old times was
realised in Roman period. The number of
identified quarries and open pits is 53.
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The limestone was exploited in 17
quarries: Magura Hill (Calan), Carpinis,
Geoagiu, Pesteana, Strei (Calan), Valea
Sangiorgiului (Calan), Ampoita, Ighiu,
Albesti, Iablanita, Ruschita, Rusca Montana,
Bahna, Gura Vaii I, Gura Vaii II,
Varciorova, Dinogetia (Garvan).

The marble big quantities was extracted at
Paraului Vally (Cristur), Ruschita and Rusca
Montana (possible and Bucova). Three
andesite quarries are known at Petris-Uroi
(Simeria city), Pietroasa Hill and Pietroasa 2
(the both near Deva city).

The andesite from Petris-Uroi was used
for builds and Ulpia Traiana Sarmizegetusa,
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
course, the sand and gravel was extracted in
many places but is known only Ghioroc open
pit. The Romans had exploited iron ore in
many Dacian mines. The places of surface
mining (was and underground exploitations)
are unknown today, except Teliucu Inferior.

The gold was extracted in some quarries:
Rosia Montand, Magura Tebei, Vulcoi —
Corabia, Botes. The Romans had obtaining
gold, more pure and with more small costs,
from alluviums in non-identified places on
the rivers (and their affluents): Aries, Mures,
Crisul Alb, Jiu, Olt, Caras, Nera [Marinescu
et Bogatu, 2005]. From this period, the
archaeologists indicated many indeterminate
rocks quarries.

2.3 Mining Surface in the Middle Ages

After the intense mineral substances
exploitation in Roman period, in the first
part of Medium Ages (migratory peoples
period) was not existed a strog state and
identified surface mining was at very low
level. In the second part, the exploitation
intensity will grow. In many Roman quarries
the mineral substances exploitation had
remained.

The limestone was exploited in the
quarries Ardeu, Ruschita, Rusca Montana,
Malu Rosu, Jucu de Sus, Podeni, Sandulesti
Nord, Gura Vaii, Ogradena Veche,
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Dinogetia (Garvan). The chalk was extracted
at Murtfatlar, marble at Ruschita and Rusca
Montana, sandstone at Luncavita, Mechadica,
Rusca Montana and Verendin.

The calcareous tuff surface exploitations
were cited at Toplet, Ilisova, Maceris,
Svinita, Pescari and argillaceous schist at
Rapa  (Baile Herculane). Iron ore
exploitation had remained at Teliucu
Inferior. The identified quarries and open
pits was upwards of 25.

2.4 Mining Surface in the Modern Age

3,386 of quarries and open pits, identified up
to now, had extracted approximately 82 of
mineral substances. Extracted metallic ores
are: bauxite (101 quarries), iron ore (7),
manganese ore (4), copper ore (4), gold-
silver ore (2), and complex ore (2).
Non-metallic mineral substance surface
exploitation were very numerous (Marinescu
et al., 2001, Marinescu et al., 2002;
Marinescu, 2003): sand and gravel (787
open pits and quarries), limestone (555),
andesite (232), sandstone (206), sand (171),
gravel (127), marble (93), dacite tuff (60),
granite (58), dacite (46), dolomite and
dolomite-limestone  (46), lignite (45),
gypsum (44), basalt (41), infusible clay (39),
sandstone and conglomerate (32), bentone
and bentone tuff (26), marl (24), quartzite
(24), green schist (23), granodiorite (21),
rhyolite (20), travertine (20), diorite (18),
conglomerate (17), gneiss (17), loess and
loess clay (15), decorative limestone (14),
colored earth (14), kaolin clay (13), mica-
schist (12), serpentine (12), perlite (11),
diatomite (11), chalk (11), amphibolite (10),
diabase (10), kaolin (8), pegmatite feldspar
(8), barite (6), pegmatite mica (6), andesitic
tuff (5), basaltic tuff (4), kaolin sand (4),
slate (4), quartz (4), andesitic agglomerate
(4), talc (4), gabbro (3), decorative andesite
(3), calcareous tuff (3), syenite (2), firestone
(2), basaltic scoria (2), alabaster (2),
decorative granite (2), aragonite (2), dolerite
(2), graphite (2), bentone clay (1), asbestos
(1), calcite (1), celestite (1), decorative
granodiorite (1), decorative sandstone (1),

guano (1), marl-limestone (1), peridotite (1),
magnesite rock (1), sulphur (1) trachyte (1).
The extracted power substances were coal
(48 quarries) and bituminous rocks (3).
Today, the economic crisis had reduced
drastic both surface exploitation number and
exploited mineral substances number.

3 SURFACE MINING ON SUBSTANCES
TYPES

3.1 Mining Surface Regarding Power
Substances Obtaining

In function of the possibility to generate
energy, the surface exploited substances are
divided in power and non-power.

Only 4 power substances was exploited at
the surface of the ground, in 51 quarries:
lignite (45 quarries), pit coal (3), bituminous
schist (2) and bituminous sand (1). The most
substances (78) were non-power and for its
extraction were used a very large number of
identified open pits and quarries: 3,427.

3.2 Mining Surface Regarding Metallic
Mineral Substances Obtaining

These mineral substances can be distribute
in metallic and non-metallic. Only 6 metallic
mineral substances, misname metallic ores,
was exploited: ferrous ores (9 quarries),
manganese ores (4), copper ores (4), bauxite
(101), gold-silver ores (6), complex (lead,
zinc, copper) ores (2). The total metallic
ores quarries were 126. The most exploited
substances (77) were non-metallic and for its
extraction were used an very large number of
identified surface exploitations: 3,378.

3.3 Mining Surface Regarding Renewable
Mineral Substances Obtaining

On this criterion, two types of exploited
substances exist:  renewable and non-
renewable. The renewable type was
exploited in 1,088 open pits (fig.1).
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Figure 1. Renewable (1) and non-renewable
(2) substances quarries, in percents.

Was extracted 4 mineral substances,
supposed renewable (fig. 2): sand (172 open
pits), gravel (127), sand and gravel (789) and
ballast (sand + gravel + boulder; 8).

SLOIr3me

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
quarries and open pits presents more many
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exploited power and mineral substances. The
exception from the economic development
and exploitation condition come.

ROMAN A
M COuNTINg

Lo B
[T,

Figure 3. The counties of the Romania.
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Table 1. The surface mining on counties

No | County Quarries Exploited
and open | substances
pits number
number

1. | Hunedoara 294 38

2. | Bihor 220 19

3. | Tulcea 216 25

4. | Constanta 180 15

5. | Clyj 173 27

6. | Maramures 162 21

7. | Arad 148 27

8. | Suceava 133 14

9. | Covasna 132 14

10. | Brasov 124 16

11. | Caras-Severin | 113 29

12. | Harghita 105 19

13. | Gorj 101 10

14. | Salaj 96 18

15. | Alba 94 19

16. | Prahova 85 12

17. | lasi 84 6

18. | Mehedinti 81 22

19. | Arges 78 11

20. | Buzau 78 7

21. | Dambovita 74 8

22. | Satu Mare 73 14

23. | Sibiu 67 13

24. | Bistrita Nasaud | 57 10

25. | Valcea 56 13

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

37. | Teleorman 16 3

38. | lalomita 14 3

39. | Vaslui 14 6

40. | Calarasi 11 2

41. | Bucharest 8 4

42. | Braila 4 2

The Iasi county (number 17 in table 1)
have only 6 mineral substances but the big
economic necessities had obligated at more
exploitation intensity (85 quarries and open
pits) to Mehedinti county (number 18 in
table 1), where an same approximate number
of quarries and open pits (80) had exploited
21 mineral substances.

Another observation: usually, the counties
containing mountain (Hunedoara, Bihor,
Cluj, Maramures, Arad, Covasna, Suceava,
Brasov, Caras Severin, Harghita, Gorj, Salaj,
Alba, Prahova, Mehedinti, Arges, Buzau,
Dambovita, Sibiu, Satu Mare, Bistrita
Nasaud, Valcea, Timis) and plateau areas
(Tulcea, Constanta, lasi) have the most
quarries and exploited mineral substances.

The counties containing only field areas
(Giurgiu, Dolj, Olt, Galati, IlIfov, Teleorman
Ialomita, Calarasi, Braila) had exploited few
mineral substances. Some counties can to
have satisfactory open pits becose they
exploit sand and gravel along the rivers.

4 SURFACE MINING ON SUBSTANCE

It exists a very big inequality of the
quarries and open pits on (solid) substances.
Five substances (sand and gravel, common
limestone, common clay, andesite and
sandstone) were extracted with very much
quarries and open pits number: 2072 (see the
figures 4).

Figure 4. Surface exploitations percents on
the first five exploited substances and
remainder substances (1=sand and gravel;

2=common limestone; 3=common clay;
4=andesite;  5=sandstone; 6=other 77
substances).
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Table 2. Surface exploitations number on
each substance.

No. | Surface Exploited substances
exploitations

1. | 789 Sand and gravel

2. | 585 Limestone

3. 252 Common clay

4. 1233 Andesite

5. [213 Sandstone

6. [ 172 Sand

7. 127 Gravel

8. 101 Bauxite

9. 198 Marble

10. | 60 Dacitic tuff

11. | 58 Granite

12. | 47 Dacite

13. | 46 Dolomite

14. | 45 Lignite

15. | 44 Gypsum

16. | 41 Basalt

17. |39 Refractory clay

18. | 32 Sandstone and conglome-
rate

19. |26 Bentone and bentone tuff

20. | 24 Marl

21. [ 24 Quartzite

22. 123 Green schist

23. |21 Granodiorite, travertine

24. 120 Ryolite

25. | 18 Diorite

26. | 17 Conglomerate, gneiss

27. |15 Loess and loessoid clay

28. | 14 Ornamental limestone,
colored earth

29. |13 Kaolin clay

30. |12 Mica-schist, serpentine

31. |11 Diatomite, perlite

32. [ 10 Amphybolite, diabase

33. |9 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, basaltic
tuff, kaolin sand, slate,
quartz, copper ore, talc,
andesitic agglomerate

38. 3 Gabbro, pit coal, decora
tive andesite

39. 12 Syenite, basaltic scoria,
alabaster, complex ore,
bituminous schist, graphite,
decorative granite, dolerite,
aragonite.

40. |1 bentone clay, clay schist,
asbestos, calcite, celestite,
decorative granodiorite and
sandstone, marl-limestone,
peridotite, magnesite rock,
sulphur,trachyte, guano,
bituminous sand.
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Every substances, 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
quarries).

In the north of the country (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, [za
Mara, Lapus, Viseu, Bistrita, Moldova,
Suceava, Siret, Jijia, Prut.

In the center of Romania (Bistrita 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
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pits along the Crisu Negru, Crisu Pietros,
Crisul Repede, Mures, Strei, Dunare, Cerna
and Nera rivers.

In the east side of the country (lasi,
Neamt, Vaslui, Bacau, Vrancea, Galati,
Tulcea, Constanta) were registred the 136
open pits in the channel of the following
rivers: Moldova, Siret, Trotus, Ozana,
Milcov, Dunare. In the south of the country
(Mehedinti, Gorj, Dolj, Valcea, Olt, Arges,
Dambovita, Teleorman, Prahova, Ilfov,
Giurgiu, Buzau, Braila, lalomita, Calarasi
counties and Bucharest) where existed 322
open pits and one quarry (Schela Cladovei).
The open pits are localized along the
Dunare, Topolnita, Gilort, Motru, Sohodol,
Amaradia, Olt, Topolog, Valsan, Arges,
Raul Doamnei, Ialomita, Cricovul Dulce,
Prahova, Teleajan, Dambovnic, Ciorogarla,
Buzau, Ramnicul Sarat, Siret and lalomita
rivers.

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
quarries.Common limestone were exploited
in 585 quarries, from 27 counties with
mountain or plateau areas. In the mountain
arcas were registred the most common
limestone quarries. They are present in
following 22 counties: Alba, Arad, Arges,
Bacau, Bihor, Brasov, Buzau, Caras
Severin, Cluj, Covasna, Dambovita, Neamt,
Sibiu, Valcea, Maramures, Harghita, Gorj,
Mehedinti, Salaj, Prahova, Hunedoara and
Suceava. The biggest quarries number (61)
are known in the Hunedoara county.

In the plateau areas were registred 202
quarries only in 5 counties: Vaslui, Botosani,
Iasi, Tulcea and Constanta. There are very
much quarries in Constanta and Tulcea
counties: 88 and respectively 85.

14 limestone quarries, with the output
used in ornamental purpose, are in: Arges

(Mateias— Valea Mare, Valea Buda, Albesti),
Bihor (Ponoarele, Valea Tarcaita), Bistrita
Nasaud (Parva, Valea Cormaia, Gusetel),
Cluj (Podeni), Maramures (Cufoaia) and
Tulcea (Dealul Vararia, Codru, Dealul Eaila,
Trei Fantani) counties.

5.1.3 Clays exploitation

From old times to present, over 252 of
identified common clay quarries had existed
in 38 counties and Bucharest. In the counties
from the north of the country (see 4.1.1.
paragraph) it is know an 22 quarries number,
86 in the center, 43 in the vest, 29 in the est
and 72 in the south. Only in three counties
(Calarasi, Giurgiu, Tulcea) of the country
were not extracted common clay in quarry.
At a smallest scale (fig. 6), in Romania were
exploited other clay varieties: infusible clay,
kaolin clay, bentonite clay and colored clay.

sBEBEEZ2E

Figure 6. The distribution of the quarries on
clay tips (1=common clay quarries; 2=other
fout clay varieties quarries.

The infusible clay were extracted with 39
quarries in 11 counties: Arad, Bihor, Bistrita
Nasaud, Brasov, Caras Severin, Cluj,
Covasna, Gorj, Maramures, Salaj, Timis.
Kaolin clay were extracted with 13 quarries
in 4 counties: Arad (Agris), Constanta (Cuza
Voda, Defcea, Gherghina, Docuzol, Tibrinu,
Tortomanu, Cuza Voda, Tugui), Maramures
(Cavnic), Tulcea (Gherghina, Cheia,
Vitelaru). Bentonite clay was exploited only
in one quary, in the Botosani town and
county. Colored clay (14 quarries) has iron
and manganese oxides in its composition. It
was extracted in the following counties:
Arad, Arges, Brasov, Caras Severin,
Covasna, Harghita, Satu Mare, Tulcea).
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5.1.4 Sandstone exploitation

Common sandstone in 213 quarries from
31 counties were extracted. In the north of
the country (Satu Mare, Maramures,
Suceava, Botosani counties) 23, in center
(Bistrita Nasaud, Salaj, Cluj, Harghita,
Covasna, Brasov, Sibiu and Alba) 72, in
vest (Bihor, Arad, Hunedoara, Caras
Severin) 22, in ecast (Iasi, Neamt, Vaslui,
Bacau, Vrancea, Tulcea, Constanta) 68 and
south (Mehedinti, Valcea, Prahova, Arges,
Dambovita, Buzau) 27 quarries where
registred.

Ornamental sandstone only at Baschioi, in
Tulcea county, was exploited.

5.1.5 Sand exploitation

172 open pits and quarries in 33 counties
and Bucharest, had exploited sand. The
distribution of the sand surface exploitation
on quarries and open pits can be observed in
Figure 7.

Figure 7. Allocation of sand surface
exploitations on quarries and open pits
(1=quarries; 2=open pits).

Approximate 2/3 from sand surface
exploitation was open 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, Ialomita, Teleajan, Buzau,
Dambovita and Danube rivers and their
tributaries.
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Remaining 1/3 from sand surface
exploitation was quarries and they had
extracted the output from sandy geological
formations. In the north of the country (Satu
Mare, Maramures, Botosani counties) 9, in
center (Salaj, Cluj, Covasna, Sibiu and Alba)
19, in vest (Hunedoara, Caras Severin,
Timis) 10, in east (only Tulcea and
Constanta) 17 and south (Mehedinti, Gorj,
Dolj, Valcea) 5 quarries where registred.

5.1.6 Gravel exploitation

127 gravel open pits (fig. 8) and quarries
was registered in 25 counties: Alba, Arad,
Bihor, Brasov, Buzau, Caras Severin, Cluj,
Constanta, Covasna, Dambovita, Harghita,
Hunedoara, Iasi, Maramures, Mehedinti,
Mures, Neamt, Prahova, Salaj, Satu Mare,
Sibiu, Suceava, Timis, Valcea and Vaslui.

109 open pits had extracted gravel along
the following many rivers: Mures, Teius,
Ampoi, Crisul Alb, Crisul Negru, Crisul
Repede, Beretau, Teuz, Tarlung, Ghimbav,
Olt, Buzau, Rammic, 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 18 quarries had extracted the gravel
in Alba (Aiud, Mihacea quarries), Constanta
(Aliman, Gherghina, Medgidia, Mircea

8 e

Figure 8. Allocation of gravel surface
exploitations on quarries and open pits
(1=quarries; 2=open pits).
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Voda, Nisipari, Rasova, Silistea,
Tortoman, Tepes Voda), Covasna (Olteni),
Mehedinti (Mraconia), Mures (Sarateni,
Sangiorgiu de Mures), Salaj (Jurca,
Poptelec) and Sibiu (La Securea) counties.

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 gypsum quarries was identified in 9
counties: Arges (Stanesti, Boteni, Dracesti
and Dealul Cretisoara quarries), Bacau
(Bogdanesti), Botosani (Crasnaleuca,
Vararia, Ivancauti), Cluj (Dabagau, Cheile
Turzii, Valea Fanului, Valea Foidasului,
Aghiresu, Cheia, Leghia, Birtz, Moghioros,

Dumbrava), Hunedoara (Romos, Vaidei,
Rasca, Calanu Mic, Dealul Varului),
Maramures (Dumbravita, Ocna Sugatag,

Costeni), Prahova (Breaza, Cerasu, Batrani,
Schiulesti, Piatra Verde, Valea Lespezi,
Maneciu Ungureni), Dambovita (Pucioasa)
and Salaj (Bocsa, Jebuc, Ciocmani, Coseiu,
Galaseni, Petrindu, Piatra Alba, Treznea,
Aghires, Ortelec).

5.1.8 Dolomite and dolomite-limestone
exploitation

These rocks, more dolomite-limestone and
more slightly dolomite, were extracted in 46
identified quarries, from 11 counties: Arad,
Caras Severin, Cluj, Constanta, Harghita,
Hunedoara, Maramures, Sibiu, Suceava,
Tulcea, Vrancea.

They are present in the
geostructural  units  (fig. 9): Eastern
Carpathians (Magureni [-III, Dascaleni,
Pecistea I-II, Paraul Rau, Tarnita, Paraul
Cailor, Boambele, Afinet, Frunzii, Batca
Sarului, Poiana Cailor, Muncelu, Paraul
Hamliul, Paraul Limpede, Carta, Lunca de
Sus, Voslobeni, Delnita, Paraul Rece),
Southern  Carpathians  (Pietrele  Albe,
Cumpana, Poiana Neamtului, Hunedoara,
Teliucu Mic, Teliuc I-III, Craciuneasa,
Zlasti, Bania, Tulea, Valea Cernei,

following

Caprioara), Apuseni Mountains (Galsa and
Surduc quarry), North-Dobrogean
Structogen (Caeracul Mare Est, Imalac,
Dealul Hartop, Uzum Bair, Tausan Tepe,
Tackir Bair) and Central Dobrogean Massif
(Ovidiu, Alvanesti).
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Figure 9. Allocation of dolomite and
dolomite limestone quarries on geostructural
units (1=Apuseni Mountains; 2=Eastern
Carpathians; 3=Southern Carpathians;
4=North-Dobrogean Structogen; 5=Central
Dobrogean Massif).

5.1.9 Sandstone and conglomerate
exploitation
32 quarries had expoloited, together,

sandstone and conglomerate in 11 counties:
Alba, Arad, Bihor, Constanta, Harghita,
Hunedoara, Cluj, Salaj, Suceava, Tulcea,
Maramures. Theirs  distribution  on
geostructural units (fig. 10) is following:
Eastern Carpathians (Razoare, Magura,
Muncelu, Pojorata, Lueta,), Apuseni
Mountains (Sard, Milova, Odvos, Butan,
Vintire, Coasta Morii, Huta, La Solomon,
Magoaja, Osoiu, Reca Cristur, Ileanda,
Zalau, Calacea, Ciumarna, Boiu, Bozes,
Stanija, Bobalna, Poiana Aiudului), North-
Dobrogean Structogen (Carmazui, Telita,
Bucur, Denis, Nalbant) Central Dobrogean
Massif (Hamangia) and South Dobrogean
Platform (Pestera).
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Figure 10. Allocation of sandstone and
conglomerate quarries on geostructural units
(1=Apuseni Mountains; 2=Eastern
Carpathians; 3= North-Dobrogean
Structogen; 4=Central Dobrogean Massif; 5
= South-Dobrogean Platform).

5.1.10 Marl exploitation

The marl was extracted in 24 quarries from
12 counties: Bihor (Alesd, Hotar, Fisca
quarries), Botosani (Stefanesti), Brasov
(Tarlungeni), Cluj (Sandulesti), Dambovita
(Crevedia, Malu Rosu, Scaiosi, Muchea
Alba), Maramures (Poiana Botizei, Botiza),
Harghita (Bradesti, Lueta), Hunedoara
(Hotar, Prisloape), Mehedinti (Carabasita,
Gura Vaii, Varciorova), Neamt (Cisirig,
Ciritei, Tepeseni), Prahova (Gura Beliei),
Sibiu (Dealul Daii).

5.1.11 Conglomerate exploitation

17 conglomerate quarries were registred in
Arad (Siria, Padurea Neagra, Mezeriu
quarries), Bistrita Nasaud (Ciceu), Brasov
(Vlades, Dealul Alb, Talineu), Caras Severin
(Iablanita), Constanta (Sibioara), Prahova
(Predeal), Salaj (Fundu Luncii, Zalau),
Suceava (Magura I-II, Muncelu) and Tulcea
(Baia, Blasova) counties.

5.1.12 Chalk exploitation

From the Roman period to present, the chalk
was extracted only in Constanta county. Was
identified 12 quarries (Murfatlar I-V, Cainac
I-1I, Basarabi, Valea Seaca, Cuciuc, Cuciuc
Murvat, Calea Omurcea) but dubtlessly their
number is bigger.

204

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
quarries), Constanta (Cobadin, Mamaia Sat,
Siminoc, Medgidia I-II), Ialomita (Fierbinti,
Slobozia, Tandarei, Urziceni I-II), Ilfov
(Buftea), Teleorman (Alexandria) and
Bucharest.

5.1.14 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
occurrences are located in Hunedoara county
(Banpotoc, Carpinis, Geoagiu, Rapolt

deposits) and Harghita county (Boresec
deposit) (Marinescu et al., 2005 b).

They had been extracted in 21 quarries
from Mehedinti (Breznita Roman quarry),
Harghita  (Borsec  I-IlI),  Hunedoara
(Banpotoc I-III, Banpotoc — Carpinis I-IX,
Geoagiu [-II, Rapoltu Mic, Carpinis I-1I)
countries.

5.1.15 Other sedimentary rocks exploitation

The most important diatomite deposits from
Romania are in Arad, Buzau, Constanta and
Covasna counties (Brana et al., 1986).
Identified diatomite quarries there are in
Arad, Buzau, Constanta and Covasna
counties.

From Roman period to present, calcareous
tuff quarries are known in Bihor, Caras
Severin and Hunedoara counties. The slate
was extracted in Arad, Mehedinti and Tulcea
counties. The marl-limestone was exploited
in Mehedinti and the clay schist in Caras
Severin counties (Parvu et al., 1977).
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5.2 Magmatic rocks exploitation
5.2.1 Andesite exploitation

The common andesite exists in the Apuseni
Mountains, Eastern Carpathians (Oas, Gutai,
Tibles, Rodna, Bargau, Calimani, Gurghiu,
Harghita mountains) and in  South
Carpathians (Parvu et al., 1977). The
distribution of the andesite quarries on
geostructural units is shown in figure 11.

Figure 11. Andesite quarries allocate on
geostructural units (1=Eastern Carpathians;
2=Apuseni Mountains; 3=Southern
Carpathians).

This rock was exploited in 233 quarries
from 14 counties: Alba, Arad, Bihor, Bistrita
Nasaud, Brasov, Caras Severin, Cluj,
Covasna, Harghita, Hunedoara, Maramures,
Mures, Satu Mare, Suceava.

Ornamental andesite quarries exists in
many locations but the demand was not very
high on time and the surface exploitations
were existing only in Cluj (Bologa) and
Hunedoara (Dealul Magura, Pietroasa)
counties.

5.2.2 Tuff exploitation

In Romania exist many magmatic tuff levels
and sorts. Some of they (dacite tuff, andesite
tuff, basalt tuff) were extracted (see fig. 12).
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Figure 12. Tuff sorts exploited in quarries
(1=dacitic tuff; 2 = andesite tuff; 3= basalt
tuff).

60 Dacite tuff quarries are known in Alba,
Arad, Arges, Brasov, Cluj, Maramures,
Prahova, Salaj, Satu Mare and Valcea
counties. Other exploited tuffs are andesite
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

Granite deposits are very numerous in
Romania. They exist in the Apuseni
Mountains, South Carpathians and North-
Dobrogean Structogen (Parvu et al., 1977).

58 Common granite quarries Wwere
registered in Arad, Caras Severin, Cluj, Gorj,
Hunedoara, Mehedinti, Satu Mare and
Tulcea counties. Were identified only two
ornamental granite quaries, in Tulcea
counties: Dealul Serparu and Greci.

5.2.4 Dacite exploitation

The dacite was described for the first time as
a volcanic rock type in Romania at Poient,
which is the “locus tipicus”. It widespread in
the territory of the Romanian Carpathians
but for economic purposes there are only
three main zones: Vladeasa Massif (Apuseni
Mountains), Rodna Mountains (Eastern
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

In Romania, basalt deposits exist in Apuseni
Mountains, Eastern Carpathian and Southern
Carpathians geostructural units (Marinescu
et al., 2001). 41 quarries exploited this rock
in Alba, Arad, Brasov, Cluj, Covasna,
Harghita, Hunedoara and Timis counties.
The old varieties, numed diabase, were
extracted in 10 quarries from the counties
Alba, Arad, Cluj, Hunedoara and Tulcea.

5.2.6 Granodiorite exploitation

Granodiorite deposits are known in Apuseni
Mountains, Southern Carpathian and North-
Dobrogean  Structogen. 21  common
granodiorite quarries are known in Arad
(Soimus quarry), Bihor (Pietroasa), Caras
Severin (Dognecea, Maidan I-III, Ohaba,
Oravita, Bradisoru, Surduc, Valea Lungii,
Bradisoru de Jos), Cluj (Valea Lungii,
Poieni), Gorj (Feregea, Meri), Timis
(Jidioara, Nadrag), Tulcea (Greci, Macin Vii,
Coltii Babei) counties.

A part of exploited rock at the Piatra
Imbulzita quarry, near Greci locality (Tulcea
counties), was used that ornamental stone.

5.2.7 Rhiolite exploitation

The rhiolite deposits exist in the following
geostructural units: Apuseni Mountains
(Vladeasa Masift), Eastern Carpathian and
North-Dobrogean  Structogen. It was
extracted in 20 identified quarries, in the
following counties: Caras Severin (Selski,
Zavoi quarries), Maramures (Baia Sprie),
Mehedinti (Svinita), Satu Mare (Orasu Nou),
Tulcea (Isaccea, Dealul Iglicioara, Tas Bair,
Altan Tepe, Dealul lui Manole, Carjelari,
Rachelu, Casla, Eschibalac, Mihai Bravu,
Topolog, Movila Goala).

5.2.8 Diorite exploitation

The diorite deposits were detected in
Apuseni Mountains (Zarand, Banatului,
Meses, Poiana Rusca, Bihor mountains),
Southern Carpathians (Vulcan Mountains)
Northern Carpathians (Oas Mountains), and
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North-Dobrogean Structogen geostructural
units. 18 quarries had extracted in the
following  counties:  Arad  (Barzava,
Jivulescu, La Stramtori, Galsa, Agrisu Mare,
Dosu Garii, Cuvin, Lunga quarries), Caras
Severin (Valiug, Valea Iepii, Calnic), Gorj
(Similoi, Feregea), Hunedoara (Birtin), Salaj
(Moigrad), Satu Mare (Calinesti), Timis
(Drinova) and Tulcea counties (Horea).

5.2.9 Gabro exploitation

Gabro deposits exist only in Southern
Carpathians and North-Dobrogean
Structogen geostructural units. It was
exploited in Mehedinti (Tuti quarry), Sibiu
(Ghihan) and Tulcea (Cerna) counties.

5.2.10 Perlite exploitation

At the occidental part of the Gutai
Mountains (Estern Carpathians geostructural
unit), near Orasul Nou city, in Satu Mare
county, was existed an very big perlite
deposit. Many quarries (Orasu Nou, Coca,
Dealul Negru, Dealul Ciap, Dealul Patrat,
Medies I-1I, Valea Adanca, Nadas, Medies—
Vii I-II) had depleted perlite content (today
exists a small reserve quantity).

5.2.11 Other magmatic rocks exploitation

Andesitic agglometare deposits are known in
many area of the country but it was extracted
only in the Harghita, and Mures counties.
Sienite in Harghita, peridotite in Caras
Severin, trachite in Salaj and dolerite in
Hunedoara counties were exploited.

5.3 Metamorphism Rocks Exploitation

5.3.1 Marble and crystalline limestone
exploitation

In Romania, marble and crystalline
limestone exist in metamorphism formations

of the Apuseni Mountains, Eastern
Carpathians (Lapus, Maramures, Bistritei,
Rodna,  Gurghiu  mountains),  South
Carpathians  (Fagarasi, Poiana Rusca,
Lotrului, Capatanei, Almaj and Cindrel
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mountains) and north Dobrogea Plateau
(Tulcea Hill).

It exist 98 quarries who had extracted
marble and crystalline limestone in 17
counties: Alba, Arad, Arges, Bihor, Bistrita
Nasaud, Caras Severin, Cluj, Harghita,
Hunedoara, Maramures, Mures, Mehedinti,
Sibiu, Suceava, Timis, Tulcea, Valcea. The
distribution of the marble and crystalline
limestone quarries on geostructural units is
shown in Figure 13.

Figure 13. Marble and crystalline limestone
quarries allocate on geostructural units
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(1=Southern Carpathians; 2=Apuseni
Mountains; 3=Eastern Carpathians;
4=North-Dobrogean Structogen).

5.3.2 Quartzite exploitation

Quartzite lens and seams exist in very much
areas from crystalline formations of the
Eastern Carpathians, Southern Carpathians,
Apuseni Mountains. In the geological
formations of the Triasic or Devonian
periods can be met also.

24 quarries had exploited quartzite in 7

counties: Arad (Agris), Bihor (Soimi,
Teaca), Caras Severin (Cracu, Globu
Craiovei), Hunedoara (Gambrinus, Sasa,
Livezeni, Gruneti), Mehedinti (Tarovat),

Timis (Nadrag), Tulcea (Buceag, Luncavita,
Orliga, Piatra Raioasa, Varful Priopcea,
Somova, Dealul Raioasa, Gorgani, Dealul
Cernei, Piatra Raioasa, Priopcea, Movila
Mare, Vitelar).

5.3.3 Green schists exploitation

The green schists are specific for North-
Dobrogean  Structogen and  Central
Dobrogean Massif geostructural —units.
Accordingly, they were extracted in surface
exploitation only in the two counties from
the specified units: Tulcea (Casimcea,
Topolog, Dealul lui Glim, Peceneaga, Petris)
and Constanta (Sibioara I-III, Nistoresti,
Casimcea, Cogealac, Targusor, Mihai
Viteazu, Cheia, Cotu lui Cergau, Navodari I-
11, Dealul Morii, Capul Derele, Ramnicul de
Sus, Ramnic Bair, Ramnicul de Jos).

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, Lotru

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,
Sadu, Strambu, Rod, Tilisca, Valea
Muntelui) and Valcea (Cozia) counties.

5.3.5  Other
exploitation

metamorphism recks

The mica-schist have not very good
physical-mechanical properties because it
can easy to Open up in fragments along of
the foliation but it was extracted in 12
quarries from 5 counties: Alba, Bihor, Salaj
Sibiu, Valcea. Serpentine deposits exist in
the crystalline formations from Eastern and
Southern  Carpathians. This rock are
exploited in Caras Severin, Covasna,
Mehedinti, Sibiu counties. Amphibolite can
be met in crystalline formations of intense
metamorphism from Eastern, Southern
Carpathians and Apuseni Mountains. The
quarries exist in following counties: Alba,
Arad, Salaj, Satu Mare, Sibiu.
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6 ORES AND INDUSTRIAL MINERALS
EXPLOITATION

6.1 Metallic ore exploitations

Metallic ores exploited in quarries (see fig.
14) was iron ore, gold-silver ore, copper ore,
bauxite, complex ore and manganese ore. In
time, iron ore (siderite) was extracted in
many unidentified old quarries fromPoiana
Rusca Mountains (Hunedoara county).
Teliuc I-V, Teliucu inferior, Ghelari, Vadu
Dobrei there are some identified quarries.At
Capus deposits (Cluj county), oolite iron ore
was extracted with an unknown quarries
number. Some remaining iron ore reserves
can be exploited in future. Identified gold-
silver ore quarries had existed in Alba
(Magura Tebei, Botes), Hunedoara (Certej,
Rosia  Montana, Vulcoi-Corabia) and
Maramures (Suior and possible Baia Sprie)
counties. Copper ore was extracted in Alba
(Rosia Poieni quarry), Caras Severin
(Moldova Noua) and Hunedoara (Deva,
Valea Morii) counties.

W12 UM as

Figure 14. Metallic ore quarries on ore sorts
(1=bauxite quarries; l=iron ore; 3=gold-
silver ore; 4=copper ore; S5=manganese ore;
6=complex ore).

The bauxite exist and was exploited (101
quarries) only in Bihor and Hunedoara
counties. In Bihor county, were identified
hundreds of bauxite lens in Padurea Craiului
Mountains (Apuseni Mountain geostructural
unit), extracted in quarries or in
underground. Bauxite surface mining is
represented by approximate 100 quarries. In
Hunedoara county only one quarry (Ohaba —
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Ponor) had exited. It had exploited siliceous
bauxite. Complex ore only in Hunedoara
(Coranda-Hondol, Valea Morii quarries) and
manganese ore only in Suceava (Arsita,
Capraria, Dadu, Oita) counties were
exploited.

6.2 Non-metallic Ores and Industrial
Minerals Exploitation

Identified common kaolin quarries are
known in Arad (Rapa Malului), Bistrita
(Parva), Harghita (Harghita, Puturosu,
Sansimion) and Tulcea (Epaminonda, Cheia,
Vitelaru) counties. Kaolin sand was
extracted in Arad (Agris quarry), Constanta
(Cuza Voda, Defcea, Gherghina, Docuzol,
Tortomanu, Cuza Voda, Tibrinu, Tugui),
Maramures (Cavnic) and Tulcea (Gherghina)
counties.

Pegmatite feldspar deposits appear in
units with significant participation of mezo-
metamorphic rocks: Southern Carpathians
and Apuseni Mountains (Popescu et al.,
2003). The quarries were existed in Caras
Severin ~ (Armenis, Teregova, Globul
Craiovei), Cluj (Bedeci, Muntele Rece) and
Valcea (Vasilatu, Voineasa) counties.

Pegmatite mica quarries were identified in
Caras Severin (Boutari, Bucova, Crijma,
Talva quarries), Maramures (Razoare) and
Valcea (Voineasa, Bautari). The quartz 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.
Firestone in Maramures (Ilba, Tautii
Magherausi) and Hunedoara (Lesnic,
Roscani, Bercea Mare) counties and talc in
Caras Severin (Marga, Parvova) and
Hunedoara (Cerisor, Lelese I-II) were
exploited in quarries.

Aragonite quarries are only two: Suncuius
(Bihor county) and Harghita (Corund).
Similar for grafit (Baia de Fier and
Polovragi quarries in Gorj county), alabaster
(Stana and Petrindu in Salaj).

With a single quarry were extracted the
following mineral substances: calcite (Valea
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Ponor quarry), sulphur (Negoiul Romanesc),
celestite (Copaceni), magnesite (Tisovita),
asbest (Eibenthal) and guano (Cioclovina).

7 POWER SUBSTANCES
EXPLOITATION

The power substances who were exploited
in quaries (fig. 15) are only four: lignite,
coal pit, bituminous schist and bituminous
sand. The coal extracted in quarries assures
the most quantity from the Romanian power
necessary.
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Figure 15. Power substances quarries on
substances sorts (1=lignite quarries; 2=pit
coal; 3=bituminous schist; 4=bituminous
sand).

The lignite quarries are presented in Arges
(Pescareasa), Bihor (Voievozi), Covasna
(Varghis, Racos, Sfantu Gheorghe), Gorj
(Tismana I-II, Pesteana Sud, Jilt Nord, Jilt

Sud, Vulcan, Moi, Pinoasa, Runcurel,
Matasari, Meris 2, Balta Unchiasului,
Cicani, Garla, Beterega I-II, Poiana,

Lupoaia, Pesteana Nord, Rosia de Jiu,
Horezu, Aninoasa, Bustuchin, Farcasesti,
Plostina Nord, Plostina Sud, Rovinari Est,
Rosiuta, Ruget, Tehomir, Timiseni-Pinoasa,
Valea cu Apa, Urdari), Mehedinti
(Husnicioara, Husnicioara Est, Husnicioara
Vest), Prahova (Malu Rosu, Filipesti),
Valcea (Alunu, Berbesti, Oltet) counties.

Coal pit was extracted in Hunedoara
(Uricani, Campul lui Neag I-II quarries),
bituminous schist in Caras Severin (Anina,
Doman) and bituminous sand in Prahova
(Matita) counties.

8 CONCLUSIONS

Romania is not a big country but, because of
the very complex geological structure, it has,
identified and quantified in resources and
reserves, 110 mineral and power substances.
In time, the most numerous (82) from these
was exploited at the ground surface, in over
3,492 of identified quarries and open pits.

98.5 % (3441 quarries and open pits) from
the total surface exploitations extracted non-
power mineral substances and only 1.5 %
(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
quarries 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
the surface mining activities, at country
level, it is necessary a mineral policy.
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OZET A¢ik maden isletmelerinde basarili ve giivenli bir madencilik islemi igin sev stabilitesi
hayati derecede 6nemlidir. Genis bir zamana yayilmis yer degistirme gozlemleriyle yapilan
gelencksel yontemler uzun zaman alan ve asirt ¢aba gerektiren aletli yer Olgmeleri
gerektirmektedir. InNSAR (Yapay agiklikli radar interferometrisi) gibi modern ydntemler
kullanilarak yer ylizeyinde olusan yer degistirmeler uzaktan algilama yontemleri ile
goriintiilenebilir. Zonguldak’taki illegal madencilik faaliyetleri bazi arastirmacilar tarafindan
bu gibi yontemler kullanilarak halihazirda tespit edilmistir. ITU Arastirma Fonu destegiyle
yapilan bu g¢alismada ise bahsi gegen konuda InSAR 6n sonuglarint agiklayan bir yontem
sunulmaktadir. Oncelikle yerinde bazi arazi ¢alismalar gergeklestirilmistir. Bu kapsamda,
merkezlendirme yapmak i¢in dort piramit reflektor insa edilmis ve maden sahasi ¢evresinde
koordinatlar1 belli noktalara yerlestirilmistir. Daha sonra modern 6l¢gme cihazlariyla uydu
goriintiileri elde edilmistir. Uydular belirlenen noktalardan her gegisinde (yaklasik 11 giin) bu
noktalardaki yer degistirmeler hakkinda bilgi toplarlar. Bu ¢alismada sunulan 6n sonuglar
caligmay1 silirdiiren aragtirmacilara cesaret vermektedir. Oyle ki sevlerdeki yer degistirme
araliklar1 herhangi bir yenilmeye -dolayisiyla hayati bir kazaya ya da ekonomik kayiplara-
neden olmadan dnce yeterince hizli bir sekilde tahmin edilebilir.

ABSTRACT Slope stability is vital for successful and safe operations in open cast mines. In
the conventional techniques, long term monitoring for slopes need the instrumental ground
survey that takes very long time and requires extra efforts. By using modern methods such as
InSAR (Interferometric synthetic aperture radar), ground deformation may be screened by
remote sensing techniques. Illegal mining activities using this kind of techniques have
already detected in Zonguldak by some researchers until now. In this study, based on a
research project supported by [.T.U. Research Found, a methodology is presented for
explaining InSAR preliminary results. Some site investigation is first performed on Orhaneli
Open Pit Mine covering the installation of four pyramidal reflectors properly settled on
ground in order to centralize specific points on mine sight around. Then satellite images are
identified by modern survey tools. Satellites collect information about displacements in every
pass (approximately 11 days). Preliminary results here shared, encourage the researchers of
current project for predicting deformation levels in slopes fast enough without a failure which
may cause fatal accidents and economical losses due to interruptions in mine productions.
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1 INTRODUCTION

Slope stability is an important expertise for
engineers in open pit mines since all
activities performed on mine site such as
overburden excavation, transportation, coal
extraction, tailing management etc... are
connected to safe bench face environment of
mine site. It is essential that the bench
geometry of slopes precisely be formed
depending upon geo-mechanical properties
of country rock and coal. After shaping them
up, conventional surveying techniques with
instrumental measurements may be used for
monitoring displacements in and around
mine sites. Indeed, these methods provide
effective results but exhaustive and take long
time to obtain.

Nowadays, some contemporary techniques
like InSAR (Interferometric ~ Synthetic
Aperture Radar) may be used for screening
vertical displacements on a mine field since
the number of proper satellites has increased
and modern link tools were invented like the
geodetic GPS receivers. For example a group
of researchers used InSAR in order to find
out illegal mining activities in Zonguldak
because some subsidence was experienced
over prohibited areas (Ake¢in et al 2009,
Kutoglu et al 2009). Jarosz and Wanke 2004
validated the InNSAR for monitoring mining
induced surface deformation. Ge et al.(2003)
screened mining subsidence by InSAR. Slow
motion monitoring of open pit mines was
also considered by Raucoules et al. (2003),
Li et al. (2008), and Perski et al. (2009).

In current study, an InSAR application in
order to see deformation level around
Orhaneli open pit mine is carried out. After
giving information about the mine and
InSAR technique, site investigation were
presented. Pre-findings are illustrated and
discussed. A methodology flow sheet is also
proposed.

2 ORHANELI OPEN PIT MINE

Orhaneli open pit mine (OOPM) is one of
the branches of Bursa Lignite Plant (BLI) on
the management of Turkish Coal Enterprises
(TKQ). The distance between Orhaneli
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County and OOPM is 21 km. The altitude of
mine is +500 m from the sea level. OOPM is
in an area next to Giimiigler, Sagirlar and
Civili Villages in a space with 1 km, 28km
and 30 km respectively (Figure 1). Average
seam thickness of coal is 7 m in Giimiigpinar
sector (6-10°), 3.35m in Civili (6-10°) and
Sagirlar (7-15°) sectors. Reserves of them

are 23 million, 10.5 million and 6 million
tons respectively. However, Giimiispinar
sector is only on service now. A large
amount of coal, 1.2 million tons, are planned
to be extracted per year. 75% of it are sent to
thermoelectric power plant to burn and
produce electricity.

Figure 1. Geographical map of mine

Geology of mine has a complex structure.
Stratigraphic time scale of Pre Neogene
structures consist of metamorphic schists,
recrystallized limestone, and serpentinits.
Neogene formation scales covers from
clastic rocks in the lowest level. Clastic
rocks contains conglomerates, sandstones,
gravels and clays at the bottom side and
marn and tuffs consisting of lignite seams at
the top side which are coal reserves of
OOPM. Volcano sedimentary and volcanic
rocks are settled on them.

2.1 Excavation Method

A dragline with a capacity of 25m’ (33yd’)
(Figure 2) is used for excavating overburden
rock in Orhaneli Giimiigpinar sector. Since
overburden depth (~90m) is so high, 4
excavators (7.5m’ (10yd’)) and 2 excavators
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(11.5m’* (15 yd*)) and 40 trucks (77t) (Figure
3) assist dragline system.

Figure 3. Excavator - truck method

3 INSAR TECHNIQUE

3.1 Information

Interferometric Synthetic Aperture Radar
(InSAR) is a form of point detection
technique based on relative motion between
a satellite and target region. Satellite images
are collected from a specific area in which
their coordinates are very well known and
then displacements on points preliminary
defined on that area are evaluated by satellite

images providing information about two
phenomena; signal amplitude and phase.

3.2 InSAR Application in Mine Site

Temporal and geometric decorrelation are
known as the dominant limiting factor in
InSAR technique. The key for generating a
successful/high quality interferogram using
independent InSAR data sets collected in
different time epochs is the good coherence
that is achieved between image pairs.
Concisely, the better the coherence, the
lower the noise level of the interferogram is
achieved which is directly related to the
precision of the displacements to be
observed. In low coherence areas, such as
vegetated areas, wetlands etc., even the
advanced InSAR algoritms such as
permanent scatter (PS) technique may fail
where the density of stable radar targets is
not adequate.

In order to overcome this limitation, the
use of artificial reflectors is recommended.
An artificial reflector can be defined as an
object that exhibits high radar cross sections
(RCS) or at least a high signal-to-noise ratio
(SNR) which is stable in time (Ferreti et al.,
2007). Such artificial reflectors, in addition,
have been used to assess the accuracy of the
InSAR measurements itself either in one or
three dimension (Prati et al., 1992; Timmen
et al, 1996). It has been proven that
displacement vectors with subcentimeter
accuracy can be achieved successfully by
InSAR technique using artificial reflectors.
On the other hand, artificial reflectors with
known precise coordinates may help precise
geocoding of the generated interferograms at
low coherence areas.

Considering the above facts, four
pyramidal reflectors of size ImXIlmxlm
were constructed and installed at four
ground points distributed almost
homogenously around the mine field where
no displacements were expected. Figure 4
shows the so-called pyramidal reflectors
constructed for the study.
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Figure 4. Reflectors settled on the mine site

Four pyramidal reflectors were
monumented at the ground points and
precisely oriented so as to provide good
reflectance to the descending passes of the
TerraSAR-X radar interferometry mission
which has a repeat cycle of about 11 days. In
order to compute the accurate position of the
reflectors in an earth centered earth fixed
(ECEF) frame static GPS measurements
using Leica System 500 geodetic GPS
receivers were carried out. At each station,
GPS data is collected for about 3,5 hours
with an epoch interval of 5 seconds. Besides
the GPS satellites, data from the satellites of
Russian navigation system (GLONASS)
were also collected in order to guarantee the
good  satellite  constellation  during
observation times.

The collected GPS observations were
processed using Leica Geo Office software
based on the double difference carrier phase
measurements.  The  iono-free  linear
combination method has been adopted in the
process for ambiguity fixing. Both the
geographical (latitude, longitude, height) and
projection (northing, easting, up) coordinates
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of the four points have been estimated in
WGS-84 and ITRF2005 terrestrial reference
frame, respectively by using two IGS
permanent stations namely, ISTA and TUBI,
which are approximately 100 km away from
the study area. As a result, the estimated
coordinates have an uncertainty of ~1 cm for
the horizontal components and ~2 cm for the
height components which are quite sufficient
for this study.

3.3 Processing of SAR Images

The scenario with SAR systems has changed
in a very significant way in the last decade,
since very high resolution (VHR)
spaceborne SAR sensors in X band have
been operated. Starting from 2007, the
launch of TerraSAR-X and of the first
satellite of the Cosmo-SkyMed constellation
resulted in the possibility to acquire SAR
images with metric resolution. Currently, the
availability of the full constellation of
Cosmo-SkyMed (4 satellites) makes it
possible to acquire images with a revisit time
of few hours, opening the application to
many civil protection and surveillance
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applications. TanDEM-X and Radarsat-2 are
other examples of the large set of satellites
that currently can acquire data with SAR
systems.

The complex signals in the SAR images
are used for the generation of the
interferograms by creating a pixel-wise
complex conjugate multiple of each signal at
the same coordinates. In the differential
interferograms, the phase (®) results from
the following components seen in Equation

(s

D= q)DEMerror +(Ddis +q)atm +q)n (1)
where

DOpemeror = the phase due to an error

component of the Digital Elevation Model
(DEM) used for removing the topographic
phase.

®dis = the phase contribution of ground
displacement occurring between the two
SAR images acquisition dates.

D, = it is related to the atmospheric state
change,

@, = it represents the phase resulting from
the residual noise effect such as a speckle
and system noise.

Since the phases measured in the
interferogram are wrapped in modulo of 2,
the ground displacement can be retrieved by
phase unwrapping of the interferogram
(Goldstein et al., 1988). Consequently, it is
possible to calculate the deformation extent
from the differential interferograms. The
phase information used in interferometry
gives a millimeter-centimeter level of
vertical precision (Burgmann et al., 2000;
Massonnet and Feigl, 1998). The ground
displacement causing a phase change of 2n
(i.e., one fringe) in an interferogram
corresponds to A/2 for LOS direction, which
is about 1.5 cm for the TerraSAR-X radar
interferometry.

In order to define displacement map of the
open pit mine, SAR image pairs have been

processed for different time periods.
Interferometric process of pairs from
baseline estimation to geocoded

displacement map has revealed vertical
changes occurred on the surface of the open
pit mine between acquiring dates of the
datasets. Table 1 presents data (Single Look

Slant Range Complex — SSC) used in this
study. Results of process steps will be
explained in details here for two TerraSAR-
X HH SAR images acquired on February 7,
2012 and March 11, 2012.

Table 1. The data obtained by TerraSAR-X

No IM P ST PD TA

I SM HH 2012-01-16 D 21993
2 SM HH 2012-01-27 D 21993
3 SM HH 2012-02-07 D 21993
4 SM HH 2012-02-18 D 21993
5 SM HH 2012-03-11 D 21993

IM: Imaging Mode, P: Polarisation, ST:Start Time, PD:Path
Direction, IA:Incidence Angle (min), SM:StripMap, HH:
horizontal transmit and horizontal receive, D: Descending

The first step in the process is to check
whether the baseline between two datasets is
appropriate to determine phase differences.
The baseline of the datasets is 120.372m,
while the critical baseline is 3472.155m. The
comparison between the baseline and critical
baseline indicate that the dataset are
appropriate to determine phase difference.
Where A is the wavelength, R is range, 0 is
incidence angle and R, is range resolution,
The critical baseline B, is calculated by

Equation (2).
B, - AR tan(6) ©)
’ 2R

r

After this validation, generation of the
interferogram has been done with using
DEM of the mining area. SRTM3 data set
has been used as DEM. Interferometric

phase O is defined by Equation (3):

p-% 3)

By using DEM, flattened and filtered
interferogram has been obtained before
phase unwrapping as seen in Figure 5.

Interferogram has been unwrapped in
order to resolve 2m ambiguity with using
region growing algorithm. Later on,
differential SAR (DInSAR) combining
interferogram with DEM have revealed
geocoded displacement map of mining area
(Figure 6).
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The displacement map shows a wider area
than open pit mining. The significant
topographic changes which are occurred at
the open pit mining can also be seen on

Google Earth image (Figure 7). Polygons in
red colored areas point to considerable
subsidence. The places having subsidence

will also be analyzed on mining site later.

Figure 7. Deformation areas in red color
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3.4 Methodology Used For This Study

The methodology derived from current study
may be shown by a flow sheet given in the
Figure 8. First of all, a site investigation
activity is performed. During the mine visit,
information about mine and instrumental
surveying measurements were obtained from
responsible engineers. Then a quick tour
around mine is done for determining 4 stable
points. By using Leica System 500, GPS
measurements are carried out an hour and
half time along in order to link a connection
between satellite and individual point. Same
procedures are followed for the other three
points. Afterward, 4 reflectors are designed
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and built on the mine repair and maintenance
office. These reflectors were stabilized by
concrete and fixed on the 4 points in which
their coordinates were linked by satellite
before. After all these site activity, secondly
satellite images according to predefined
points were captured and digitized by it. At
the end, the obtained data is processed and
interpreted. Consequently, company
engineers should be alerted if any excessive
deformation is experienced.

INSAR Mine
Measurements

| Site Invelstigation |

Point
designation

Image capture

Image proccessing

Interpretation

Point- satellite

Reflector
assemblage
Reflector
fixing

Figure 8. The flow sheet of method

4 CONCLUSIONS

The following conclusions can be drawn
from the current study:

The InSAR remote sensing technique may
be alternatively used for open pit mines for
deformation control since vertical
displacements can be screened by.

A set of site investigation is performed for
data collection in the Orhaneli mine site. A
part of data collected from satellite images
were processed and interpreted.

In the above contents, it is shown that the
DInSAR technique is feasible to monitor the
coal mining induced land deformation, the
position of DInSAR land deformation is
coincide with the position of underground
excavation. On the other hand, in order to

see whether the DInSAR technique can
monitor all mining deformation, further
analysis needs to be performed.

Spaceborne interferometric SAR data can
be used to derive the valid land subsidence
map in coal mines, which is useful
information in monitoring the underground
coal mining activities from space as well.
However  high  coherence  of the
interferometric pair is necessary in such
application, a small spatial baseline and a
small temporal baseline in the same season
are required especially in the rural area.
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Egimli ve Killi Taban Sartlarinda Ag¢ik Isletme Madenciligi ile
Komiir Uretimi: Kisrakdere Ornegi

Open Pit Mine Production at Sloped and Under Clayed Layering
Conditions, Kisrakdere Case Studies

M.V.Ozdogan,D.Karakus,A.H.Onur

Dokuz Eyliil Universitesi, Maden Miihendisligi Boliimii, Lzmir
C.Kincal, Y.Koca

Dokuz Eyliil Universitesi, Jeoloji Miihendisligi Boliimii, Izmir
N.C.Ok, E.Demir

TKI Ege Linyitleri Isletmesi Miiessese Miidiirliigii, Soma

OZET: Giiniimiizde acik isletme iiretim teknigi ile madencilik faaliyetleri ekonomik ve
verimli bir sekilde yaygin olarak yapilmaktadir. Agik igletme iiretim teknolojisinin alternatifi
olan yeralt1 iiretim yontemine gdre bir takim avantajlar1 olmasma ragmen genis ocak
acikliklarinda ve artan kazi derinliklerinde emniyetli {iretim sartlarinin saglanmasi karsilasilan
onemli problemlerden birisidir. Bu c¢alismada egimli ve killi tabakalanma sartlarinda acik
isletme iiretim yontemi degerlendirilmistir. Bu tip yataklanma o6zelligi gosteren Kisrakdere
kuzey panolarindan birisi olan G- Panosu komiir iiretim faaliyetleri irdelenmistir. Buna gore
biiyiik olgiide dekapaj kazisi gerceklestirilmis G-Panosunda kazi seviyesinin mevcut durumu
ve daha derinlere inilmesi kosulunda olusacak sevlerin stabilite analizleri yapilmistir. Yapilan
analizler sonucunda G-Panosunun bir kisminda emniyet topugu birakilmasi sart1 ile emniyetli
kaz1 sartlarinin olusturulabilecegi sonucuna ulagilmustir.

ABSTRACT Ore production with open-pit mining method is an economical and productive
mining method and widely used at mining industry. Although the several advantages of open
pit operations against underground operations, the ever expanding pit areas and the deeper
excavations cause safety problems. In this study the open pit mining method was evaluated at
slopped and over clayed layering conditions. As a case study G — coal production panel at
Kisrakdere North mining section was studied. The stability analysis of current situation and
deeper level situations were discussed at study area. As a result of the analysis safety pillar
have to be left at G — production panel for safer production.

1 GIRIS

Acik isletme madenciligi genel anlamiyla bir
maden yatagma ulagsmak amaciyla mevcut
topografyanin i3 makineleri yardimiyla
kazilarak iretilecek cevher, komiir ya da

endiistriyel hammaddeye ulagsmak vasitasiyla

iretim  yapilmasidir.  Diinya  maden
iretiminin  yaklasitk %70'1 acik isletme
madenciligi ile yapilmaktadir. Metalik

cevherlerin yarisi, komiiriin 1/3'Q ve metal
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dis1 yapt malzemelerinin tamami agik ocak
isletme yontemi ile iretilmektedir(Given
1973, Eskikaya vd, 2008). Acik isletme
madenciligi i¢in verilen bu oranlar kullanilan

i makinelerinin kapasiteleri ile dogru
orantil olarak iiretim miktarlarini
yansitmaktadir. Ekonomik deger olarak

degerlendirildiginde o6zellikle katma degeri
yiikksek metalik cevherlerin yeralti iiretim
oranlari giderek fazlalasmistir. Diger taraftan
artan kazi  derinligine  bagli  olarak
baslangigta stabil ve kii¢iik alanlar1 kaplayan
ocak faaliyetleri artik derinlesmis ve kazi
sinirlari geniglemistir. Bunun sonucunda agik
isletmelerde kapasite ve tiretim verimliliginin
yaninda sev emniyetinin saglanmasi 6nemli
bir miihendislik hizmeti olarak giindeme
gelmistir. Ozellikle genis ocak agikliklarinda
bolgesel sev hareketlerinin siirekli olarak
takip edilmesi ve es zamanli olarak kazi
faaliyetlerine paralel stabilite analizlerinin
giincellenmesi ekstra yatirimlar ve ¢6ziim
arayislart gerektirmektedir.

Agik isletme madenciligi, igletme sekline
gore alansal madencilik, yama¢ madenciligi
ve ¢ukur madenciligi olarak siniflandirilabilir
ve isletme seklini ekonomik degeri olan

cevherlesmenin geometrik olusumu
belirlemektedir (Kose ve ark., 2006).
Ormnegin yatay ve/veya yataya yakin

tektonizma gecirmemis neojen havzalarda
olugsmus linyit yataklanmalari igin alansal
acik isletme madenciligi ekonomik olarak
uygulanmaktadir. Buna karsin hidrotermal
stiregler sonucu olusmus ¢ogunlukla egimli
metalik yataklanma tiplerinde ekonomik
derinlige kadar cukur seklinde acik isletme
faaliyetleri gergeklestirilmekte devaminda

ise yeralti madencilik faaliyetleri
yiiriitiilmektedir.

Sedimenter olusum siire¢leri  sonucu
olusmus tabakali yataklanmalarda tabaka
egimlerinin  fazla  olmast  rastlanan
durumlardan  birisidir.  Ag¢ik  isletme
madenciligi agisindan  degerlendirildigine

erken jeolojik donemde ¢okelmis ve kismen
zay1f 1¢sel ozellikli killi, silltli yapiya sahip
bu tip egimli yataklanmalarda isletme
geometrisinde, kendine has diizenlemeler
gerekebilir. Ozellikle egimli ve tabakali
yapilarda makine ekipmanin ¢alismasi igin
diiz alan tavan tabakasinda
gerceklestirilmekte, cevherli iretim
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aynasmim {Ust kismin1 ise taban tabakasi
olusturmaktadir (Sekil 1). Sekil 1'de
goriildiigli gibi tiretim aynasimin st kismi
olan taban tabakasi sevleri kazi derinligine
bagli, zorunlu olarak olusturulacaktir. Bu
durumda  yatay ve  yataya  yakin
tabakalanmalarda hi¢ bir kaz1 faaliyeti
gerceklestirilmeyecek olan taban tabakasi
icsel parametreleri ve olusacak sevlerin
stabilitesi agik ocak emniyeti agisindan g6z
onlinde bulundurulmasi gereken 6nemli bir
parametre haline gelmektedir.

\/‘ Taban Tabakasi 77T Te- e ...
agik isletme sevleri

N2 Uretim Aynasi
X alis

Sekil 1. Egimli tabakalanma yapisina sahip
yataklanmalarda genellestirilmis agik isletme
geometrisi

Yukarida tanimlanan kosullara benzer bir
durum Kisrakdere Bolgesi acik ocaklarinda
goriilmektedir. Bolgede 25-30°  egimli
yataklanan komiir damari ve buna bagh
dekapaj  kazist  ekskavatér  +kamyon
yontemiyle yapilmaktadir. Ancak artan kazi
derinligine bagli olarak komiirlii seviyenin
tabaninda yer alan killi seviyede ytksek
sevler olusmaktadir. Bu ¢alismada da komiir
iretimi devam eden Kuzey Panolarindan G-
Panosunda kazi derinliginin  arttirilmasi
sonucu olusacak taban kili sevlerinin stabilite
analizleri irdelenmis ve kazi emniyeti
belirlenmistir.

1.2 Sev Stabilitesi Temel Mekanigi

Yeryiiziindeki her kati ve sivi malzeme
yer¢ekiminin etkisi altindadir. Herhangi bir
kiitlenin konumu yatayla ag¢1 yapmaya
basladigi anda yercekiminin etkisiyle bu
kiitle hareket etme egilimine girer. Yatayla 3
acis1 yapan bir egik diizlemde W agirliginda
bir blok diistiniildiigiinde. Bloga etki eden
tek kuvvet yercekimi kuvvetidir. Blogun
ylizey tlizerinde kaymasini saglayacak W
kuvvetinin diizlem boyunca etki eden
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bileseni W sinf3 egik diizleme dik olarak etki
eden bileseni ise W cosf’dir (Sekil 2)

s oo
,f"'fﬁfﬁafwi =
,.-"’- -a.\"'-"',:‘.'-\_,-":-'ﬁ-
- a ‘_.%# 7
l:_‘ ....__.- _1 ‘ {:-:B‘“\
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Seklil 2. Sev stabilitesinin temel mekanigi

Sekil 2'de kiitlenin i¢i su dolu olan bir
gerilim c¢atlagimi iki parcadan oldugunu
diisiiniirsek blogun arka yiiziine etki eden su
basmci bir V kuvveti olusturur. Su basinci
ayni sekilde kayma diizlemine dik sekilde
etki eden ve bu yiizeye etki eden normal
kuvveti azaltan bir U kuvvetini olusturur.
Kiitlenin kendi agirligint ve su kuvvetlerinin
etkidigi bu durumu disiiniirsek bu halde
denge durumu

WsinB+V=CcA+HWCosB-U)Tand (1)
seklinde olur.(Hoek 1973)

Burada W sin B + V kaydiric1 kuvvetler,
cA +(W Cos B -U) Tan @ ise kaymayi
engelleyici kuvvetler olarak adlandirilir.
Kaymay:1 engelleyici kuvvetlerin kaydirici
kuvvetlere orani ise sev emniyet katsayisi (F)
olarak adlandirilir ve bu degerin 1 olmasi
denge kosulunu ifade eder. F degeri 1’den ne
kadar bilytikse sevin duraylihigi o kadar
yliksek demektir. Sev stabilite analizlerinde
iki boyutlu limit denge problemi ¢oziimil
olarak bilinen bu analiz incelenen bolgeden
alian kesitler tizerinde gergeklestirilir.

2 INCELEME ALANININ KONUMU VE
GENEL JEOLOJISI

Inceleme alan1 Manisa ili Soma Ilgesi
Kisrakdere bolgesindedir. Bolgedeki komiir
iretim faaliyetleri Ege Linyitleri Isletmeleri
Miiessese Midiirliigi (E.L.I)  tarafindan
yiiriitiilmektedir. Bolge komiir havzast olup
komiir  dretimi  1913'lii  yillara  kadar
uzanmaktadir. Yaklagik 1 asirdir iiretim
yapilan bolge iilkemizin sanayi, termik ve
isitma  amach  komiir  gereksinimini
saglamaktadir. Havzada alt 1si1l degeri
2080-3150 Kcal/kg arasi olan 610 milyon ton

linyit rezervi bulunmaktadir. 24,4 bin
hektarlik alana yayilan bu rezervin %71°1 yer
altt madenciligi ile {iretilebilecek durumdadir
(TKI,2011).Incelenen komiir iiretim panosu
Kisrakdere  bolgesinin  kuzeyinde  yer
almaktadir. G-Panosu olarak isimlendirilen
pano smirlarnin bati ve dogusunda daha
once iiretim faaliyetleri gergeklestirilmis ve
komiir iretilmistir. Panonun konumu Sekil
3'te verilmektedir.

4 ,1,": 4 o
Sekil 3. Kisrakdere Bolgesi G-Panosu

konumu

Inceleme alanmin genel jeoloji ¢alismasi
yapumistir. Bu c¢aligma D-B  yoniinde
1500 m, K-G yoniinde 1050 metre olmak

iizere yaklasitk 1,4 km”lik bir alam
kapsamaktadir. Sev stabilitesi acisindan
degerlendirilmesi  yapilan G-Panosu bu

sahanin iginde kalmaktadir. Kisrakdere, D-B
yonlii uzanimi ile inceleme alanini ikiye
ayirir - G-Panosu  panosu  (KM2  kdmiir
damarimin  yer aldigi . pano) derenin
kuzeyinde kalmaktadir. Inceleme alaninda
Miyosen ve Pliyosen yaslh tortul kayalarin
yani sira, Kuvaterner yagli yama¢ molozlari
ve hareket etmis heyelan malzemeleri yer
alir. Sekil 4'de inceleme alaninda yer alan
birimlerin stratigrafik iliskileri, Sekil 5’de,
inceleme alani genellestirilmis jeoloji haritasi
gosterilmektedir. Ayrica, bdlgedeki jeolojik
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birimlerin kolaylikla izlenebilmesi i¢in, KM2
komiir damarin1 ve inceleme alaninda yer
alan tim birimleri kesecek sekilde, K-G |
yonlii alinmis jeolojik kesit sunulmugtur PSoe
(Sekil 6). Bu kesit iizerinde, KM2 komiir
damarin1 kesen F2-fayi, kdmiir damarinda
meydana gelen 76 metrelik net atim ve '
KM2-koémiir damarinin altinda (taban killeri)
ve lizerinde yer alan marnlarin (M2)
konumlar1 da gostermektedir.
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Sekil 6. Calisma alanmna ait jeolojik kesit ( Y-Y' kesiti)
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3 LABORATUAR CALISMALARI

Kuzey Kisrakdere G- Panosundan alinan
numuneler iizerinde yapilan laboratuar
deneyleri, malzeme oOzellikleri belirleyici
olmak {lizere zemin ve kaya mekanigi
deneyleri olarak gruplandirilmigtir. Komiir
altindan alman taban killerine zemin
mekanigi deneyleri, kdmiir tizerindeki marn
birimlerine ise kaya mekanigi deneyleri
yapilmistir.  Incelenen  bélgeden alinan
numunelerin harita iizerindeki konumlar1 ise
Sekil 7°de verilmektedir.
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Sekil 7. Alinan Numunelerin Harita Uzerinde
Gosterimi

Incelenen  bolgede  komiirii  almmug
kisimlarda yiiksek sevler olusturacak olan
taban kilinin karakterize edilmesi énem arz
etmektedir. Killi malzemenin kohezyon (c)
ve igsel siirtiinme agist (¢) degerleri direkt
kesme deneyi ile tayin edilebilmektedir.
Farkli diisey yiik sartlarinda malzemeyi bir
diizlem boyunca kesmeye zorlanmasi
prensibi ile calisan direkt kesme deneyi
cihazlarinda tekrarli deneyler yapilarak
normal gerilme-kayma gerilemesi gerilmesi

iligki bulunur. Biinyesinde bulunan su
icerigiyle (w) mekanik oOzellikleri asir1
degiskenlik  gosteren  killi ve  siltli

malzemelerde gercekei sonuglar farkli su
iceriklerinde de deneyin tekrarlanmasi ile

bulunabilir. Sekil 8'de 2 no.lu bolgeden
alman taban kili numunesi kesme kutusu
sonuglart normal gerilme-kayma gerilmesi
iligkisi verilmistir.

Kayma Direnci Parametreleri

w
Q
(=]

B
=]
S

w
Q
(=]

T=04793g+2.1117

KaymaGerilmesi 1 (kg/cm?)
%]
=)
=]

1.00 R?2=0.9676
0.00 T T !
0.00 2.00 4.00 6.00
Normal Gerileme o(kg/am?)
Kohezyon (C) igsel Siirtiinme
Numune Adi 2
(kg/em’) Agst (9) ()
2 2,11 25,6

Sekil 8. Inceleme alan1 2 no.lu bélgeden
alman taban kili numunesi normal gerilme-
kayma gerilmesi iligkisi

Taban killerine yapilan bu deneylerin
yaninda ayrica komiirlii tabakalanmanin {ist
seviyesi olan ve dekapaj kazis1 yapilan
marnlarin  (M2) birim hacim agirlik (y),
kohezyon (c) ve igsel siirtiinme agist (@)
degerleri tek eksenli basing, endirekt ¢ekme
ve li¢ eksenli basing deneyleri sonucu Mohr
zarft analiziyle belirlenmistir. Sekil 8'de
Marn numunesi ile tanimli bdlgeden alan
marnlt seviye numunelerine uygulanan
testler sonucu elde edilen Mohr zarfi analizi
ve normal gerilme-kayma gerilmesi iliskisi

Sekil 9'da, panodan alman numuneler
iizerinde yapilan deney sonuglari
Cizelge 1’de verilmektedir.

e
5

Sekil 9. Incelenen .b_i')ig-e Marnlar1 i¢in Mohr
Zarfi
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Cizelge 1. Sahadan alinan numuneler iizerinde yapilan deney sonuglart

Birim icsel .
Birim Numune Su icerigi Hacim Kohezy(;n Siirtiinme Te:;il:s:nh D(zi;:::;l
No. (%) Agirhk (kgf/em”) Agist
3 0 Dayanimi (MPa)
(gr/em) ) (MPa)
1 23,13 2,01 0,27 3,50 -
Ml 2 14,42 2,30 2,11 25,60
3 21,75 2,13 2,02 25,03
4 21,28 1,99 1,92 29,6 - -
M2 1 1,63 2,49 53,00 54,1 44,49 4,48

4 SEV STABILITESI ANALIZLERI

Acik  ocak  isletmeciliginde  kazinin
gerceklestirilebilmesi  amaciyla  mutlaka
iizerinde ¢aligilan bir platforma gereksinim
bulunmaktadir. Basamak olarak adlandirilan
bu platformlarin nihai ocak derinligine kadar
olusturulmalar1 gereklidir. Ancak incelenen
Kisrakdere  kuzey  panolarinda  25-30
derecelik komiir egimi nedeni ile egim yoni
boyunca yukaridan asagi dogru bir komiir
tretimi s6z konusudur. Panonun goriintiisii
Sekil 10'da  verilmektedir. Sekil 10'da
goriildiigii gibi iist kotlarda komiiri alinmis
bolgelere  yeniden  ¢ikis  gereksinimi

olmamasi, koémiir ve dekapaj nakliyelerinin
alt kotlardan saglanabilme olasiliklar1 nedeni
ile basamak seklinde kaziya gereksinim
duyulmamaktadir. Bu yontem, gerekli sev

giivenliginin saglanmasi sartiyla uygundur.
Acik  kalacak ocagmn nihai  seklinde
rehabilitasyon ~ uygulamalarinin  tatbiki
acisindan sorun yaratacak bir yontemdir.
Ancak, i¢ dokiim sahasi olarak kullanilacak
boyle bir alanin tamamen doldurulacak
olmasi, rehabilitasyon ile ilgili bu sorunu
ortadan kaldirmaktadir. Komiirii alinarak
bosaltilan sahanin tamamen doldurulmasi
durumunda, nihai ocak sev giivenligi
acisindan i¢ dokiim sonrasinda hig¢bir sorun
olusmayacaktir. Bu nedenle, komiir iiretimi
gerceklestirilirken komiirii alinan ve galisma
bolgesinin iizerinde olusan egimli taban
killerinin ¢alisma siiresi boyunca kaymaya
kars1 giivenli olup olmadigmin belirlenmesi,
ig glivenligi acisindan birinci derece 6neme
sahiptir.

Sekil 10. G-Panosu goriintiisii (

224

srakdere Kuzey Panolar

.

-
o N



23" International Mining Congress & Exhibition of Turkey « 16-19 April 2013 ANTALYA

Killerin su ile temas1 neticesinde dayanim
ozelliklerinin tamamen degistigi
(yumusamaya bagli olarak kohezyon (c) ve
igsel siirtlinme() acisinda  azalma),
dayanimlarinin azaldig1 laboratuvar
deneyleri ile ortaya konulmustur. Buna gore
%23,13 su igerigine karsilik olarak igsel
stirtiinme agis1 3,5°, kohezyon 26,7 kPa iken
%14,42 su igeriginde olan 2 numaral
malzemenin igsel siirtinme acgis1  25,6°
kohezyonu 200,70  kPa  degerlerine
¢ikmaktadir. 1 nolu numune, kismi kayma
meydana gelen bir bdlgeden alinmustir.
Taban killerinin su iceriklerinin bu degerlere
ulagtif1 bolgelerde taban kili hareketi soz
konusu  olacaktir. Taban  killerinde
olusturulacak basamaklar suyun yiizeyde
kalma siiresini uzatacak ve su ile temas
yiizey alanmi artiracagi igin ¢ok tercih
edilmemektedir. Bu killerde olusturulacak

basamaklarin  yatay  yiizeylerinde kis
aylarinda  birikecek veya akis hiz1
yavaslayacak  ylizey  sulari,  killerin
dayanimlarim1  azaltacak en  Onemli

faktorlerden birisidir. Sabit egimli bir yapida
ylizey sularinin oyalanmalart daha zor
olacaktir. Bunun yaninda, gergeklestirilen
sev stabilitesi analizleri sonucunda mekanik
ozellikleri belirlenen bolgenin taban killeri
yiiksek nem igeriklerinde 40°-45° derece gibi
bir acida kaymaktadir. Basamak
olusturulmasi durumunda, basamaklarin sev
acilart bu degerin iizerinde olamaz, olsa da
orijinal durumlarina geri donerler. Diger bir
degisle, basamak olusturulsa dahi ki
mevsimindeki  yagis sonucunda  biitlin
basamaklar bozulup eski haline gelmeleri
beklenmelidir. Bu kapsamda caligmada sev
stabilite analizleri iki sekilde ele alinmuistir.
Oncelikle panoda saha gdzlemleri sonucu
stabil olan panoda geri analiz yapabilmek ve
laboratuar sonuglarmin dogrulugunu teyit
edebilmek amaciyla dogrultular1 Sekil 11'de
verilen hat boyunca dort adet kesitte sev
stabilite analizleri gerceklestirilmistir.
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Sekil 11. Stabilite analizleri kesit hatlar
konumu

Ikinci asamada ise panoda komiiriin acik
isletme smirma kadar kazildigi durum goz
oniinde  bulundurularak sev  stabilitesi
analizleri yapilmistir. Analizler Limit-Denge
yontemini kullanan “Rocscience Slide V6”
yaziliminda yapilmistir.

Cizelge 2. Sev stabilite analizlerinde
kullanilan malzeme parametreleri
Birim icsel
Zemin hacim Kohezyon | siirtiinme
tipi agirhk (kPa) Agist
(KN/m®) (derece)
Taban kili 20.99 125.00 26.74
Komiir 15.00 150.00 32.00
Marn 25.00 1250.00 40.00
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41 Kazm Oncesi
Degerlendirilmesi

Sev  Stabilitesinin

Kisrakdere kuzey panolarinda G Panosunun
kazi Oncesi olarak degerlendirilen bu
bolimde panonun c¢alismanin  yapildigi
tarihteki mevcut durumu belirtilmektedir.
Buna gore acik komiir aynasi 390-405 m
kotlarinda, taban kilinin sev istii kotu ise
630-635 m kotlarindadir. Bu durumda
yaklasik 235 m yiiksekliginde ve ortalama
30° egimli bir sev yapis1 bulunmaktadir. Kazi
Oncesi ve kazi sonrasi stabilite analizleri

kesitlerinde jeolojik formasyonlar
genellestirilmis ve faylarin etkisi
gozetilmemistir. Faylarin etkisinin
gozetilmemesi stabilite analizlerinin

sonuglarini tartisilabilir hale getirebilecegi
diisliniilse de kazi caligmalarinin yapilacag:
bolgede herhangi bir fay isaretlenmemis
olmast analiz ¢aligmalarmin sonuglarmin
gercekei olacagl degerlendirmesi yapilmistir.
Bu konuyla ilgili bir diger 6nemli husus ise
kaz1 dncesi fay etkisi gozetilmeksizin yapilan

gozlemleri ile uyusmasidir.  Dort farkl
kesitte gerceklestirilen kazinin devam etmesi
oncesi durum ile ilgili sev stabilitesi
analizleri sonucunda, sev emniyet katsayilart
elde edilmistir. Dort kesite ait yapilan analiz
sonuglar Sekil 12.a-12.d’de ve toplu olarak
Cizelge 3'de verilmistir. Sekil 12.a’da verilen
1-1' ve 2-2' kesitindeki sev stabilite analizleri
sonucunda elde edilen katsayilar sevin
durayli ve giivenli oldugunu gostermektedir.
Sev emniyet katsayilar1 artan taban kili egimi
ile azalmistir. Sekil 12.c’de goriildiigii gibi,
daha derin ve biyik Olgekli kayma
dairelerinde elde edilen gsev emniyet
katsayilar1 daha fazladir. Bu durum, biiyiik
Olgekli kayma olasiligmnmn  azaldigim
gostermektedir. Bu analizler 2 boyutlu olarak
gerceklestirilmistir. Birbirine bitisik
kesitlerdeki yakin bolgelerin yiiksek emniyet
katsayilar birbirlerini olumlu etkilemektedir.
Su igeriginin arttigi lokal bolgelerde
kohezyonun diismesi neticesinde, bdlgesel
biiyiik 6l¢ekli olmayan yiizeysel akmalarin

stabilite  analizleri  sonuglarmin  saha Meydana gelmesi beklenir.
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Sekil 12. Kaz1 dncesi sev stabilite analizleri
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4.2 Komiir Kazis1 Gergceklestikten Sonra
Sev Stabilitesini Degerlendirilmesi

Komiir kazis1 gergeklestirildikten —sonra
olusacak topografik durumun stabilitesi ayn
4 kesit lizerinden degerlendirilmistir. Bu
degerlendirmenin yapilabilmesi amaciyla,
calisma sahasi igerisindeki sondaj verileri
kullanilarak komiir taban ve tavan izohipsleri
modellenmistir. Komiir damari, {izeri agik
bulunan bolgede konumlanmis 2 adet fay(F2
ve F7) ile gliney ve dogu yoniinde asagiya
diigmiistiir. Komiir iretiminin
gerceklestirilecegi bolge diisen kisimda yer
almaktadir. Bu durum komiiriin takip
edilmesi esnasinda yiiksek taban kili
egimlerinde ¢aligilmasin1 gerektirmektedir.
Ozellikle suyun etkili oldugu yagisli zaman
dilimi igerisinde kilin mekanik degerlerinde
meydana gelebilecek diisiisler bu sevlerde
kismi kaymalara neden olabilecektir. Olasi

risklerin belirlenebilmesi amaciyla, komiir
kazist  sonrasinda  gerceklestirilen  sev
stabilite analizleri Sekil 13.a-13.d’de, analiz
sonuglar1 toplu olarak Cizelge 3' de
verilmistir.

Komiir iiretimi sonrasinda olusturulan
taban kili egimi 2 ve 3 no.lu kesitlerde
yiilksek olmast nedeniyle sev emniyet
katsayilar1 durayli olmasina ragmen olusan
bosluklarin giivenli olmayacagini
gostermektedir. Bu bolge, faylar ile atilmis
yiksek  egimli  komiiriin  bulundugu
boliimdiir. Sev yiiksekliklerinin ve egimin
cok arttigt bu bolim kazi esnasinda ve
sonrasinda kayma riski tagimaktadir. Sekil
13.a-13.d’de verilen sev stabilite analizleri,
tim komiir kazildiktan sonra elde edilen
degerlerdir. Yani, c¢aliyma esnasinda bu
egimlerin daha diisiik olmasi nedeni ile
giivenlik katsayilart biraz daha artacaktir.

i

a Kazi1 Sonrasi 1-1° Kesitine ait analiz

b Kazi Sonrasi 2-2°Kesitine ait analiz

e e e

¢ Kaz1 Sonrasi 3-3’Kesitine ait analiz

I

T

L0 - 1 g
d Kaz1 Sonrasi4-4’Kesitine ait analiz

Sekil 13. Komiir kazis1 sonrasi sev stabilite analizleri
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4.3 Sev Stabilite Analizlerinin
Degerlendirilmesi  ve Sev  Izleme
Calhismalan

Kazi  Oncesi  panonun  stabilitesinin

degerlendirilmesi sirasinda yapilan stabilite
analizleri ile modellenen komiir damarinin
pano sinirlart igerisinde agik isletme proje
derinligine kadar {retildigi durum goz
oniinde bulundurularak yapilan sev stabilite
analizleri sonuglar toplu olarak Cizelge 3'de
verilmektedir.

Cizelge 3. Sev stabilite analizleri toplu
sonuglari

Kazt On(;(?si Sev Kazi1 Sonrasi
Stabilite i
. s Sev Stabilite
Kesit No Analizleri . .
Emniyet Analizi Emniyet
Katsayilar Katsayilari
1-1' 1.56 1.34
2-2 1.39 1.10
3-3 1.36 1.10
4-4' 1.30 1.12

Cizelge 3'de gorildigi gibi komiir iretimi
gerceklestirildikten sonra olusacak ocak
geometrisine gore yapilan sev stabilite
analizlerinde G- Panosu bat1 bolgesinde 2 ve
3 no.lu kesiti kapsayan kisimda sev emniyet
katsayilarinin artan komiir egimi nedeniyle
sev kayma riski yiiksek olarak belirlenmistir.
Buna gore yapilan degerlendirmede biiyiik
Olciide dekapaj kazis1 gerceklestirilmis

panoda komiir iiretim faaliyetlerinin giivenli
olarak devam edebilmesi i¢in panonun bati
kisminda  topuk birakilmasi  gerekliligi
sonucuna ulastlmistir. Yapilan
degerlendirmeye gore panoda baslayan ve 14
aylik siirecte devam eden kazi faaliyetleri bu
dogrultuda  gerceklestirilerek  emniyetli
calisma sartlart saglanmistir. Panonun sev
stabilite analizleri yapildigi dénemdeki
durumu ve analizlerin degerlendirilmesi ile
yonlendirilen kazi faaliyetleri son durumu
Sekil 14'de verilmektedir. Sekilde goriildiigii
gibi +390-400 m seviyesinde bulunan komiir
basamagr 14 ay sonra +300-310 m
seviyesine kadar diigmiistiir. Panonun bati
kisminda ise birakilan emniyet topugu iist
kotu +370-375 m seviyesindedir. Panoda
projelendirilen agik isletme derinligi +220 m
seviyesidir ve devam edecek kaz
faaliyetlerinde komiir egimi diisecektir.
Diger taraftan panonun kritik kisimlarinda
konumlandirilan kaziklarin hassas olglimler
ile yer degistirme miktarlari ve marnh

seviyeler lzerinde agilan inklinometre
kuyular1 ile devamli olarak sev izleme
calismalar1  yapilmaktadir. Sev izleme

calismalarinda kazi Oncesi gerceklestirilen
sev stabilitesi analizleri sonuglarinda tespit
edilen ylizeysel akmalar kazi faaliyetleri
sirasinda  Ozellikle mevsimsel yagislardan
kaynaklanan yiizey suyuna bagl olarak
gozlenmistir.

Topuk Olayék
Birakilan/Kisii

5 SONUCLAR

Kisrakdere bolgesi kuzey panolarinda kdmiir
iretim faaliyetleri TKI Ege Linyitleri

228

Miiessese Miidiirliigii tarafindan agik isletme
madenciligi  yontemi  yiiriitiilmektedir.
Bolgede acik isletme derinlikleri ortii-kazi
oranlarma  gdre belirlenen  seviyelere
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yaklagmig, artan ocak derinliginde agik
isletme sevlerinin stabilitelerinin
degerlendirilmesi, izlenmesi  giindeme

gelmistir. Diger taraftan Kisrakdere bolgesi
komiir damart 25-30° sahip egimleri agik
isletme Uretimi sirasinda komiir tretim
aynalarinin iist kisminda taban kili sevlerinin

olusturulmasini gerektirmektedir. Bu
calismada  Kisrakdere Kuzey  bdlgesi
panolarindan  birisi  olan  G-Panosunda
dekapaj ve komiir {iretim faaliyetleri
+390-400 m seviyesinde iken +220 m
seviyesine  kadar  {retim  yapilmasi
durumunda kazi emniyetinin

degerlendirmesi, sev stabilite analizleriyle
yapilmistir. Buna gore;

1. Panoyu kapsayacak sekilde bolgenin
mithendislik jeolojisi c¢aligmasi sonucunda
bolgedeki Dogu-Bati  uzanimh faylarin
Kisrakdere (F2) fay1 tarafindan kesildigi,
tektonizmaya bagli olarak olusan komiir
damart egimlerinin F1 fayma yaklastikca
arttigt  sonucuna ulasilmistir.  G-Panosu
komiir tirerimi agisindan degerlendirildiginde
ise kaz1 yapilacak sinirlar igerisinde 310-390
m seviyesi arasinda tektonizmaya bagl egim

artiglarmin gbzlenecegi sonucuna
ulasilmusgtir.

2. Panodan alinan taban kili ve marnh
seviye numenlerinin igsel parametreleri

yapilan deneylerle karakterize edilmistir.
Buna gore ozellikle sev emniyeti agisindan
degerlendirilen taban kilinin suyun etkisiyle
i¢csel siirtinme ve kohezyon degerlerinin
degiskenlik gosterdigi, ancak bu kilin su
gecirimliliginin diisiik olmast nedeni ile hizl
bir sekilde doygunluga ulagmasi miimkiin
olmayacagi tespit edilmistir.

3. Panoda sev emniyetinin irdelendigi
mevcut durum ile amaglanan {retim
faaliyetinin tamamlanacagt durum igin
belirlenen dort kesit hattinda sev stabilite
analizleri yapilmigtir. Buna goére panoda
mevcut +390-400 m seviyesinden itibaren
+220 m seviyesine kadar kazi yapilmasi
durumda batt kisminda kazi emniyeti
acisindan riskli durumlar olusacagi sonucuna

ulagilmistir. Biiyiik Olglide dekapaj kazisi
yapilmis olan panoda kazi faaliyetlerinin
emniyetli bir sekilde devam edilebilmesi igin
panonun bat1 kisminda (2 no.lu kesit bolgesi)
topuk birakilarak c¢alisilmas1  gerekliligi
ortaya konulmus ve bu dogrultuda tiretim
faaliyetleri yonlendirilmistir.

4. Yapilan analizlere goére yonlendirilen
komiir iretim faaliyetleri 14 aylik siirecte
takip edilmistir. Buna gore panonun bat1
kisminda sev istii +370-375 m seviyesi
olmak tizere topuk birakilmis ve kazi
+300-310 m seviyesine kadar
tamamlanmistir. Devam eden siirecte komiir
egimlerinin diisecegi +220 m kotuna kadar

kazinin emniyetli olarak siirdiirebilecegi
ongoriilmektedir.
5. +390 -400 m kotu seviyesi ile

+300-310 m kotu seviyesine kadar yapilan
iretim faaliyetleri sirasinda panonun sev
izleme takibi kazik Ol¢iimleri ve komiirlii
seviye lizerinde yer alan marnh seviyelerde
tesis edilen inklinometre kuyular: ile devam
etmektedir. Bu sev izleme caligsmalarindan
ozellikle kazik Olglimlerinde sev stabilite
analizlerinde tespit edilen yiizeysel akma
karakteristigi mevsimsel yagislara bagh
olarak gozlenmektedir.
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Elektrikli Yerkazi Araclarinda Uretkenligi ve Kazi-Yiikleme
Maliyetini Degistiren Etkileyiciler

Parameters Changing Productivity and Digging and Loading
Cost of Electrical Earthmoving Equipment

Metin Ozdogan
Ideal Makine Danismanhik Ltd. Sti., Ankara

OZET: Bu bildiride elektrikli maden yerkazarlarimin iiretkenligini ve kazi-yiikleme maliyetini
etkileyen degistirgenler incelenmistir. Bunlar: Yerkazi aracinin kayag oOzellikleri, ocak
biiyiikliigii ve omrii ile uyumlu olmasi ilgili olanlar. Yerkazi aracinin teknik ozellikleri ve
boyutlarina ve tasima araglarina uyumlu olmasina iliskin olanlar. Yerkazi araglarina
uygulanan bakim-onarim programlari ve yedek parga saglama ve stoklama politikalarina
iliskin etkileyiciler. Segilen bu yerkazi ve tasima araclarin kullanan, bakan, onaran, isleten
insan giiciiniin niteligi, deneyimi ve egitimine ve egitim teknolojilerine iligskin olanlar. Yerkazi
araglarin1 ve maden isletmesini yoneten kisilerin niteligi ve basarisina iligkin olanlar diye
dizelenmis, incelenmis ve tartisilmstir.

ABSTRACT : In this paper, parameters effecting productivity, digging and loading costs of
electrical mining shovels are studied under following headings: The effect of equipment's
being in conformity with the rock properties, size and life of the pit. The effect of technical
properties, operating dimensions of the equipment and matching with the size of the haul
trucks. The parameters that are related to maintenance and repair programs, and spare parts
provisioning and parts stocking and supply policies. The parameters pertaining to the quality,
experience and training of operators, maintenance and repair teams, and training programs
and technologies used. The parameters concerning administration and management of the
mining operation ie performance and success of  the personnel.

1 GIRIS

Yerkazi makinesi cins ve kapasitesinin
kazilip yiiklenecek ortii katmani ve
cevherin Ozelliklerine, maden planina ve
iretim  kapasitesine  uygun  secilip
secilmedigi 6nem tasir. Yerkazi aracinin
iiretkenligini etkileyen oteki degistirgenler

ana hatlaniyla makinaya 06zgii ozellikler,
kayatasitina 6zgii 6zellikler, bakim-onarim
programlarina  0zgii ~ Ozellikler, kaya
ozellikleri, kaya parcalamis ozellikleri,
basamak ve ocak planlamasina Ozgii
ozellikler ve yerkazi makinasi kullanicisi ve
ocak yonetimine iligkin Ozellikler olarak
dizelenebilir. Yerkazi aracinda aranan
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ozellik dengeli, saglam, kendini maden
isletmelerinde ~ kanmitlamig  sik  ariza
yapmayan, bakim ve onarimi Kkolay,
kullanict agisindan rahat araclar olmasidir.
Yerkaz1 araci kayatasgiti uyumu olaganiistii
onemlidir. Yerkazi araci kayatasitini ideal
olarak (3) ii¢ kepcede doldurmalidir. Kepce
say1s1 arttikga makinenin yiikledigi kamyon
sefer sayis1 diiser (Paterson ve Ozdogan,
2001). Bu da kazi-ylikleme giderlerinin
artis1 anlamina gelir.

Delme ve patlatma islemleri yerkazi
makinasinin  kepge hacmi ile uyumlu
olmalidir, basamak aynalarinda
gevsememis topuk kalmamahdir. Kazi
basamak yiiksekligi kullanilan yerkazarin
biiyiikliigli ile uyumlu olmalidir, genel
kural bum ucu makaras: yiliksekligini
gecmemesi yoniindedir. Basamak
yiiksekligi yerkazarin iretkenligini
etkilemektedir (Kose ve ark.,, 2005).
Ayrica, kepcenin basamakta kazma dilim
kalinlig1 da iiretkenligi ve erke tiiketimini
etkilemektedir (Ceylanoglu et al., 1992,
Hindistan et al 2001).

Operatoriin -~ becerisi,  deneyimi,
egitimli olusu, bakim-onarim
programlarmin etkinligi, orijinal bilesen,
yedek parca ve nitelikli gereg tiiketilmesi,
ocak planlamasi, yonetimi, etkinligi gibi
noktalar da iretkenligi dolayisiyla kazi-
yiikleme giderlerini 6nemli 6l¢iide etkiler.

Yerinde (basamakta) ve kabarmig
kayag birim agirligi, kabaris ¢arpani, kepge
dolus carpani, kepce bicimi, kayag
asmdiriciligl, anma ve tepe agdirma yiikii,
aginma plakalari, kepce tutamagi kaldirig
kuvveti, kaya tasit1 iriligi, basamak
yiiksekligi, basamak patlatmasi ve kayag
pargalanisi  gibi  etmenlerin  kepgenin
kazdig1 kaya¢ miktarint bir diger deyisle
kazi-yiikleme maliyetini etkiledigi
bilinmektedir (Ozdogan, 2009)
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2 YERKAZI ARACININ KAYAC
OZELLIKLERI VE OCAK
BUYUKLUGU VE OMRU IiLE

UYUMLU OLMASININ ETKIiSi

Kazilacak orti ya da cevherin cins ve
ozelliklerine  gore  secilmis  yerkazi
makinesi, basari sirlarinin basta gelenidir.
Ortii ve cevher katmaninin dzelligine gore
kiiregimsi yerkazar, ¢ekme-kepce yerkazar,
doner kepgeli yerkazar, maden yiikleyicisi
ya da hidrolik yerkazar, ya da tamburlu
yerkesici secilebilir. Sozgelimi ¢ekme
kepgeli yerkazar secilebilmesi i¢in cevher
katmanmin katmanli tortul kaya¢ olmasi
gerekir, komiir ve linyit iceren Ortii
kayaglari, kire¢ tast olusuklari, fosfat
kayaglari, kolemanit, boraks yataklart ve
bunlarin 6rtii katmanlari gibi. Ortii katmani
kazilabilir topragimsi olusuklardan
olusmussa bu kez de siyirici-tagiyicilar,
doner kepgeli yerkazarlar, ya da genis
paletli  elektrikli  yerkazarlar, maden
yiikleyicileri segilmelidir. Ornegin, déner
kepceli yerkazar uygulanan ortii katmanlar
sert kiregtast vb katman bolgeleri igeriyorsa
bu yerkazi makinelerinin kesintisiz kazi
ustiinliikleri yitirilmis olur.

Ortii katman1 ve cevher ya da komiir
damarmin tirii ve Ozelliklerine bir diger
ornek de, se¢meli kazi yapilmasimm
gerektiren maden yataklaridir. Bu tiir
yataklar i¢in, cabuk yer degistirebilen
devingen ve gezegen yerkazi araglan
yeglenir. Bunlar, maden yiikleyicileri,
hidrolik yerkazarlar gibi araglardir. Ortii ve
cevher tabaninin ara¢ tasima dayanimi zay1f
ise, buna gore, birim alana diisen basinci
daha diisiik yerkazi araglar segilmeli ya da
daha genis paletli ara¢ secenekleri gbz
Oniine alinmalidir. Linyit ve komiir
katmanlar1 arakesmeli ise ve Tretilen
komiiriin boyutu 6nemli degilse 6nden ya
da alttan kesici tamburlu ve bantl yiikleme
diizenek yerkesici araclar kullanilabilir. Bu
yerkazi araglari, kestikleri ylizeyin diizgiin
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ve engebesiz olmasi nedeniyle tasima
araclarma diizgiin yollar da saglamg
olurlar. Bu agik ocak yerkesicileri 6zellikle
lagimlamaya izin verilmeyen kent iginde
binalara yakin yerlerde yapilan kazi
islemleri ve segmeli madencilik yapilacak
yerler i¢in ¢ok uygun makinelerdir (Aykul
ve ark, 2007). Ancak, kesilecek kayag ya da
cevherin dayanim ozellikleri belirlenmeli,
kesme deneyleri yerkesici seciminden once
yapilmalidir (Yazict ve ark, 1996).
Kazilacak katmanin ve yerin 6zelliklerine
gore yerkazi araci secilmesi kazi-yiikleme
giderlerinde ekonomi saglar.

Kayanin  ve  cevherin cinsi,
yogunlugu, kazilganlhigi, asindiriciligy,
Ozgiil kazi enerjisi, ¢cekme ve basma
dayanimi da secilecek yerkazi makinasinin
agirligini, motor giiglerini, kepge biiyiikliik
ve tasarimini, yapiminda kullanilacak
malzeme cinsini ve diger makine
Ozelliklerini  etkiler. Kaya gevsetme,
par¢alama uygulamalart segilen makine
cinsine ve kepge biiylikliigiine uygun olarak
tasarlanmalidir. Bu durum kabarma carpant,
dolma carpani, kepge disi kaya¢ girisim
ozellikleri, parca boyutu ve dagilimi, yararli
yik agirhgm etkiler. Segilen yerkazi
makinesi ocagin kaya ve jeolojik 6zellikleri
ile uyumlu degilse, aracin basaris1 ve
iiretkenligi olumsuz yonde etkilenecektir.

Elektrikli maden yerkazari ireticilerinin
Onerisi, kazi basamagi yiiksekliginin,
kullanilacak yerkazarin bum ucu makarasi
yiiksekligini ge¢cmemesi yoOniindedir. Bu
deneyimle elde edilmis pratik bir kural olup
hem is giivenligi hem de iiretim igin en
uygun durumu gosteren bir kuraldir. Kazi
basamak yiiksekliginin bu  optimum
yiikseklikten daha diisiik ya da yiiksek
olmast kepce doluluk oranmi, makinanin
daha sik yer ve basamak degistirmesini
gerektirecegi  ve calisma  giivenligini
etkileyecegi icin Onerilmez. Kdse ve ark.
(2005), ve Swanepoel (2003) basamak

yiiksekliginin yerkazi makinesi
tiretkenligine etkisini incelemislerdir. Kazi-
yiikkleme giderlerinde ekonomi saglamak
icin yerkazi aract en uygun basamak
yiiksekliginde ¢alistirtlmalidir.

Kayacin dayanimi ve sertligi, mineral
bilesimi, mineral parcacik boyutu ve
sertligi kayacin agindiriciligimi etkileyen
degistirgenler arasinda bulunur. Bunlarin
disinda kayactaki kuvars ve diger asindirici
minerallerin miktar1 ve bunlarin ortalama
pargacik boyutu ve kayacin ¢imentolanma
derecesi de 6nemli olmaktadir (Ozdogan,
2009). Kayag¢ asindiriciligmin etkisi daha
sik kepee disi degistirme ve daha sik kepge
bakim-onarimi yapmak demek olup daha
¢ok plansiz durus ve gider demektir.

3 YERKAZI ARACININ TEKNIiK
OZELLIiKLERi VE BOYUTUNUN VE
TASIMA ARACLARI iLE UYUMLU
OLMASININ ETKISi

Maden makinelerinin yaklagik ekonomik
Omiirleri bilinmektedir. Elektrikli yerkazi
makinelerinde 120.000-150.000  saat,
hidrolik yerkazarlar ve yikleyicilerde ve
kamyonlarda 50.000-60.000 saat
yoresindedir (Wood, 2012). Madenin émrii
ve yillik iiretim kapasitesine gore giinliik ve
aylik yapilacak is miktar1 bellidir. Bu is
miktar1  bir bakima secilecek kazi
makinelerinin kapasitelerini belirler. Genel
kural, madenin {iretim programina gore,
olabilecek en biiylik kapasiteli makineyi
secerek ton basmna maliyeti en disik
diizeyde tutmaya calismaktir.  Bazi
durumlarda secgilecek tek bir yerkazar
kazilacak kaya¢ ya da cevheri kazip atma
yeteneginde olsa bile bir alt kapasite segilip
iki adet makine yeglenebilmektedir.
Gerekgesi ise herhangi bir aksaklik,

bozukluk  durumunda  kurulu  kazi
kapasitesinin  en  azmndan  yarisim
kullanabilmektir.
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Ancak, son yillarda maden makinesi
dreticileri, asagida belirtilen satis sonu
destek programlar1 ile makinenin ayakta
kalma yiizdesini garanti eden, odil ve
cezaya dayali sozlesmeler yoluyla, bu tiir
iretim kayiplarma kars1 misteriyi giivence
altina almaktadir. Bunlar; Yasam Boyu
Destek (Life Cycle Management) ve
Bakim-Onarim Anlagmalar1 (Repair and
Maintenance Agreements), Yedek Parca
Anlagmalar1 (Spare  Parts Supply
Agreements) ve makine yapimcisinin
madende konsinye yedek parca stogu
bulundurmasi (Spare Parts Consignment
Stocks) gibi sozlesmelerdir (Barkhuizen,
2002, Paterson, 2003).

Gorece biiyiik kapasiteli makine daha
az saylda operatdr, siirlici, bakim-onarim
personeli, daha az yakit, daha az yag, daha
az tiiketim gereci ve yedek parca tiiketimi
demektir. Burada, madenin 6mrii ve kazi,
yiikkleme ve tasima araglarinin ekonomik
omrii, ilk yatinm tutarlari, makinelerin
madenin 6mrii tiikkendiginde kalinti degeri
gibi hususlar géz Oniine alinip en uygun
secenekte karar kilinir.

Madenin kapasitesi ile uyumlu
olmayan kiiglik makineler segilmis ise
is¢ilik, yakit, bakim-onarim, yedek parca
gibi  giderler  nedeniyle  maliyetler
yiikselecek, ya da elde edilen kazang
miktar1 diisecektir. Bu durumda, kaya tagiti
sayisi olaganiistii artacak, ara¢ trafigi
kalabaliklasip gerek is giivenligi zayifligi
olusacak ve gerekse Ongoriilen aylik kazi
miktarlarma  ulasmak  getinlesecektir.
Yiikleme birimi kepgesi ile kaya tasiti
teknesi kapasiteleri arasinda uyumsuzluk
varsa bu durum araglarm tretkenligini
diistiriip, tretilen ton madenin ton basina
maliyetini  ylikseltecek, ocaktaki is
giivenligini olumsuz etkileyecektir, (Sekil
1). Bu uygulamada yerkazi araci operatdri,
kamyon teknesine ve siiriicliye zarar
vermemek icin olaganiistii dikkatli yiikleme
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yapmak durumunda kaldigindan hem dongii
stiresinin uzamig oldugunu, hem de birim
elektrik enerjisi tiikketiminin, kepge yiiklii
durumda uzun siire askida tutuldugu igin,
olagan dis1 arttig1 isletme yetkililerince
belirtilmistir.

Ocak  biiylikligine ve planina
(basamak, yol, dokii yeri vb tasarimi)
iliskin etkileyicilerin, yerkazi ve tasima
birimlerinin iretkenligini ve maliyetini
etkiledigi bilinmektedir. Ornegin, basamak
yiiksekliklerinin yerkazi araglari ile uyumlu
olmasi, yol tasarimi, yol egimleri,
kaplamalari1  ve  kullanilan  tagima
birimlerinin biyiikliigline uygun olmasi,
dokii yerlerinin en uygun yerlerde ve
uzakliklarda segilmesi gibi ogeler kazi-
yiikleme maliyetleri olumlu yonde etkiler.

Yiikleme geometrisi ve uygulamasi,
¢ift yanli, tek yanl yiikleme, doniis agisi,
kazi derinligi, kepce disi tiirii, keskinligi,
basamak tabanini olusturan kayacin killi
olup olmamasi, yagista kayganlasma
durumu gibi  Ozellikleri de araglarin
iretkenlik ve verimliligini etkilemektedir.
Tasima birimleri yliiklenirken, teknedeki
yiikleme dengesine dikkat etmek hem can
ve mal giivenligi bakimindan Onem
tasimakta, hem de yol bakim- onarim
araliklarin1 ~ seyreklestirdigi i¢in  tagima
maliyetlerini diglirmektedir (Hui, 2012),
(Sekil 2).

Acik maden igletmeciliginin basarisi
daha ¢ok yerkazi ve kaya-tagitlarmin
basarisina baghdir. A¢ik maden isletme
yontemlerinin adlart  bile bu yerkaz
makinelerinin  adiyla anilir.  Elektrikli,
hidrolik  yerkazar-kayatasitt  yontemi,
yerkazar-kirici-tagiyict  bant  yontemi,
¢ekme-kepceli yerkazar madenciligi, doner-
kepgeli yerkazar-tastyict bant madenciligi
gibi. Basamak delme ve patlatma
asamasindan sonra kazi-yiikleme gibi iki
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cok Onemli asama gelir. Bu asamayi

et =
Sekil

ll. -\Eerkazar kepg

yerkazarlar, yiikleyiciler ve tastyici arag ve
gerecleridir (Taksuk ve Eraslan, 2000).

Yerkazi aracinin ¢alisma boyutlarinin
ocaga uygunlugu aracin basarisini etkiler.
Genellikle, bu boyutlarin u¢ degerleri
verilir. Bunlar, kesme yiiksekligi, kesme
yaricapl, kesme  derinligi, bosaltma
yiiksekligi, taban diizeyi yarigapi, operator
gbz seviyesi gibi oOzellikler olup aracin
calisma  araliklann  (boyutlar1)  olarak
adlandirtlir.

Bu ozelliklere, yerkazi makinasinin
saglamlik oran1 (SO) (Sturdiness Ratio), ve
Makine Kullamim  Katsayis1  (MUF)
(Machine Utilization Factor) katsayist da
eklenebilir. Saglamlik orani yerkazi

esi ve kamyon kapasitesi

gergeklestiren araglar ise

=3

AW
uyumsuzlugu zdogan 2006)

aracmin  calisgma  agirhgmin  kepge
kapasitesine orani olup birimi t/m* tiir. Bu
oranin yiksek olmasi yerkazi aracinin
calisma denge, saglamlik ve dayaniklilik
durumunun iyi oldugunu gdsterir. Bu degeri
yiiksek olanlarin secilmesi, kazi ve yiikleme
maliyetlerinin  diisiiriilmesine  yardimeci
olacaktir (Ozdogan 2002).
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Sekil 2. Yerkazida dengeli yiikleme ve parga biyilikligiinin 6nemi (Wood 2009)

MUF ise bir tork gostergesi olup yerkazi
aracinin  ¢alisma  yaricapt  ile  kepge
hacminin ¢arpimi olup birimi m x m’ tiir.
K-Gostergesi ise aracin ¢alisma yarigapi ile
kaldirilabilecek yiik sinir1 (agdirma yiikii)
agirhiginin ¢arpimi olup birimi m x t dur.
Indirgenmis MUF Gostergesi ise MUF
degerinin makinenin ¢alisma agirligina
boliimii ile elde edilir ve birimi m x m’ / t
dur. Tork gosterge degerleri yiiksek olan
ancak indirgenmis MUF degeri diisiik olan
yerkazi makinalar yeglenmelidir (Ozdogan
2002). Bu gostergeler, bu degerleri iyi olan
yerkazarlar kazi-ylikleme, kazi-bosaltma
islemlerinde daha etkin olacaklarindan ton
bagina iiretim maliyetini diiliriicii etkileri
olacaktir.

Yerkazi aracinin kazi-yiikleme maliyetini
etkileyen oOteki Ozellikleri asagidaki gibi
sayilabilir: Yazili (nominal) yararli yiik,
yazili kepge kapasitesi, kaldirabilen yiik
(KY) (rated suspended load), agdirma
yiikii (AY) (max allowable load), 6nerilen
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kaya tasit1 biiyiikliigli, yazili dongi siiresi,
en yiiksek yiirlime hizi, inip ¢ikilabilen
egim.

Kepgenin yararlt yiikii (YY) ve varilasi
yiikii (VY) ise yapimci tarafindan aracin
yiik kaldirma simirlarina, kepge hacmine ve
kazilip yiiklenen kayanin birim agirlik ve
par¢a dagilimina gore hesaplanip belirlenen
degerlerdir. Bu yilikten sapma % 5'
gecmemelidir. Aynm1  sey kaya tasiti
teknesindeki varilasi yiik i¢in de gegerlidir.
Yerkazi aracinin verimliligi, {retkenligi
yiiklenen kepge sayisi, kaya tasiti sefer
sayisindan ¢ok yiiklerin belirlenen varilasi
yiiklere ne derece yakin olduguna baghdir.
Varilas yiik degerine ne kadar yaklasilirsa,
kazi-yiikleme giderleri de o derecede diiser.

Yerkazi makinesinin saplanis ve koparis
kuvveti kepcenin dolus siiresini dolayisiyla
is dongiisiinii etkiler, bu yiizden kaz1
makinesinin  yapacagt i3 miktar1 da
etkilenir. Birim zamanda daha ¢ok kayanin
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kazilip yiiklenmesi giderlerin  diigsmesi
anlamma gelir. Yerkazarin giicli, ana
motorunun giici ya da diger devinim
motorlarmin toplam giicti ile Olgiilebilir.
Daha giiglii makine daha biiyiik kepge
kaldirabilir; bu da birim siirede daha ¢ok
iretim, daha diisik birim kazi-yiikleme
gideri demektir.

Kazi-yiikleme maliyetini  etkileyen
kepce ile ilgili degiskenler soyle
siralanabilir: Kepce dolma katsayisi, kaya
parcalanma boyutu, operatdér becerisi,
patlatma verimliligi, kayanin kepge icine
sikigsmasini etkileyen yerkazi araci motor
giicli, kayanin ozellikleri (Oslandoo and
Hekmat, 2004). Bu degiskenlere kepce
biiyiikliigti de eklenebilir. Kepge kapasitesi
biiyiidiikce iretkenligin arttig
bilinmektedir. Her kepce bilyiikliigiine
gbre, en uygun bir kaya parca boyutu
bulunur. En uygun par¢a iriligi
belirlendiginde, en iyi kepge dolma garpant,
dolayistyla en uygun yararh yiik elde edilir.
Taksuk ve Eraslan (2000), yaptiklari
calismada, en uygun parca biyikligiini
asan irilikteki kaya pargalarmi yiliklemenin
kepge dolum katsayisini hizla diigiirdiigiini
belirtmektedir. Kazi ve yiikleme maliyetini
etkileyen Oteki degistirgenler ise kepcenin
kendisine 06zgii katsayisi, kepge bigimi,
kepce istiinde bulunan kaya¢ saplanis
aygitlari, kepce dis agisi ve kazig agisi,
kepce kazis acisinin kayaca gore en uygun
bicimde ayarlanmis olup olmadigi, kepge
dolus siiresi, kepgenin yararli yiiki,
kepgenin  hedef yiikii, kepge kesme
yoriingesi ve kesme derinligidir.

Ekonomik Omriinii doldurmus
yerkazi araglarina gelince, bunlarin gerek
ayakta kalma oranlarinmm  distikligi,
gerekse bakim-onarim ve yedek parca
giderlerinin yiiksekligi yiiziinden ocagin
kazi ve yiikleme giderlerini arttiric1 etkileri
oldugu bilinmektedir. Bu tiir araglarin bir
diger eksik yani da teknolojilerinin de

eskimis oldugu gercegidir. Bu nedenle,
yerkazi araglarmin etkinligi (YE) ve toplam
etkinligi izlenmeli (TYE), etkinlik degerleri
belli bir diizeyin altina diisen makineler ya
biiyilk bakim ve teknolojik yenilenmeye
tabi  tutulmali, ya da yenisi ile
degistirilmelidir (Ozdogan 2012). Yerkazar
etkinligi (YE) kavrami Barkhuizen (2002)
tarafindan  Onerilmis olup yerkazarin
kuramsal is dongiisi degerinin  (Cy)
isletmede Olciilen gercek is dongiisii
degerine (C,) oraninn, yerkazi aracinin
ayakta kalma (A) yiizdesinin carpimi ile
elde edilen bir sayidir. Elevli ve Elevli
(2010), ise yerkazar etkinligi esitligini
kepce dolma katsayist (FF) ile c¢arparak
toplam yerkazar etkinligi (TYE) kavramini
onermektedir. TYE degerinin en az %77
olmas1 gerektigini belirtmektedirler. Bu
durumda is gérme hiz1 (C,/C,) en az % 90,
ayakta kalma (A) orani en az % 90 ve
kepce dolma c¢arpanmi (FF) en az % 95
olmak durumundadir. Burada kepge dolma
katsayis1 (FF) ocagin delme patlatma
uygulamalarina, kayacin yapisina,
operatoriin becerisine, kepgenin yapisi gibi
etkenlere bagli oldugundan yerkazi aracini
bu olgiite gore yargilamak c¢ok da dogru
olmaz kanisindayiz. Barkhuizen (2002),
tarafindan Onerilen YE kavramu makinenin
durumunu daha iyi temsil ediyor diye
diisiiniilmektedir. Onerimize gore yerkazar
is gorme hiz1 C/C,) ile aracin ayakta kalma
orani (A) carpimi degeri olan YE yerkazar
etkinligi degeri 0.81-0.90 arasinda ise
makine ¢ok iyi durumda, 0.64-0.72 arasinda
ise iyi durumda, 0.50-0.56 arasinda ise orta
durumda olarak degerlendirilmelidir. YE
degeri 0.50 sayisinin altinda ise yerkazi
aracinin  etkinligi, genel durumu zayif
demek olup degistirilme zamani gelmis
demektir.
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4 YERKAZI ARACLARINA
UYGULANAN BAKIM-ONARIM VE
YEDEK PARCA IKMAL
PROGRAMLARI VE
PLANLAMASININ ETKIiSi

Yerkazarm kendini arazide kanitlamisg
modellerden segilmis olmasmin ocakta
kazi-yiikleme maliyetlerine olumlu etkisi
olacaktir. Bunu anlamanm yolu da, bu
modelden bugiine degin kag¢ adet iiretilmis
oldugu ve Diinya madenlerinde kag
tanesinin  ¢alismakta  oldugudur. Bu
madenlerden ayakta kalma oranlari (A),
giivenilgenlik R, bakilganlik oranlart (M)
gibi degerleri Ogrenilmeye ¢aligilmalidir.
Yeni gelistirilmekte olan yerkazi araglarinin
ana iiretim araci olarak alinmasi 6nerilmez.
Bunlarin giivenilirligi diisiik olabilir.

Simgesi R, (MTBF) olan giivenilgenlik,
yerkazi aracinin gilinliik kazi-yiikleme
islerinin yogunluguna, agirhigma
dayanabilmesi, beklenmedik bir duraksama
yapmamas! ya da ¢ok az yapmasinin bir
olciitidiir.  Olcilisii  makinenin  arizalar
arasinda gegen ortalama siiredir. Arizalar
aras1 ortalama siire ne kadar uzun ise o
makinenin giivenilirligi o kadar yiiksektir.
Bunun bir diger 6lgiitii de makinenin ayakta
kalma  oraninin  (A)  yiksekligidir.
Bakilganlik kavrami ise bakim-onarim
kolaylik gostergesi olup Olglisii ortalama
ariza giderme siiresidir. Simgesi (M) ya da
(MTTR) dir. Bu siire ne kadar kisa ise o
makinenin bakim-onarim kolaylig1 o kadar
iyidir (Ozdogan, 2011). Daha az bozulan,
bozuklugu daha kisa siirede onarilabilen
yerkazi araglarinin kazi-yiikleme
maliyetlerini daha diisiik kilacagi agiktir.

Yerkazi araglart yapimer firmasinin
onerdigi bicimde bakim-onarim
programlart uygulandifinda, ikmal ve
nitelikli yedek par¢a planlamasi ve
uygulamasi yapildiginda yerkazi
makinelerinin ~ bakim-onarim  gdsterge
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degerleri yiikselmektedir. Ayakta Kalma
Orani (A), Bozukluklar Arasi Gegen Siire
(MTBF), Ortalama Ariza Giderme Siiresi
(MTTR), Birim Siireye Diigen Bozukluk
Sayis1 (n/saat) gibi degiskenler beklenen
degerlere ulagsmaktadir. Bu da daha ¢ok
tiretim, daha az maliyet demektir. Maden
isletmesi bu uygulamalari kendi yapabildigi
gibi isterse bazi yapime1 firmalara bu isleri
kazan/kazan ilkesine gore
yaptirabilmektedir. Bu isler yedek parca
saglama ve madende emanet yedek parca
deposu bulundurma sozlesmeleri, belirli bir
ayakta kalma ve serviste tutma garantisi ile
bakim-onarim s6zlesmeleri, ve daha baska
modellerle yiiriitiilebilmektedir (Paterson,
2003). Bedeli ise genellikle iiretilen ton
basmna para birimi olarak belirlenmektedir
Dogal olarak, maden isletmesi bu durumda
bakim-onarim  ve destek ekipleri
bulundurmaz ya da ¢ok az sayida personeli
denetleme amaci ile bulundurur. Bu tiir
anlasma ve sozlesmelerin gegerli oldugu
maden isletmelerinde, isletme ydnetimi,
sozlesme siiresince bakim-onarim, yedek
parga ve tiiketim malzemeleri kalemleri igin
ne harcayacagii Onceden bildigi igin
ocagin giderlerini daha iyi
yoOnetebilmektedir.

5 EGIiTiM PROGRAMLARI, EGITiM
TEKNOLOJILERININ VE
YONETIMIN ETKIiSi

Gerek ana yerkazi ve tagima makinelerinin
ve gerekse yardimci makinelerin (yiikleyici,
delik  makinesi, buldozer, greyder)
kullanicilarinin (operatdr, stirticii)
yetistirilmesi ve belirli araliklarla yineleme,
gelistirme programlarinin gergeklestirilmesi
¢ok oOnemlidir. Bu amagla benzetim
aygitlarinin (simiilator) kullanilmasi
olaganiistii onem tasir. Operatorlerin, ilk
yatirim tutarlari ¢ok yiiksek olan bu araglari
kullanmay1 gercek makineler iizerinde, kira
doke, sinama yanilma yoniiyle 6grenmeleri,
koti kullanim aligkanliklari edinmeleri, bu
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araglara bliyiik zararlar verebilir. Bu
zararlar, fiziki hasarlar olabilecegi gibi,
kuralina  gore  kullanma  aliskanlig1
edinilmediginden otiirii diisiik basar1 ve
diistik tiretkenlikten kaynaklanan iiretim
kayiplar1 da olabilir. Bu nedenle isletmeler,
operatér yetistirme benzetim aygitlarin
kesinlikle edinmelidir. Ayrica, operatorler
bilmeleri gerektigi oOlgiide aracin yapist,
giivenligi, calisma ilkeleri konusunda,
maden isletmeciligi, makine ve ocak
giivenligi konusunda da egitilmelidir. Bu
egitimler belirli araliklarla yinelenmelidir.
Bakim-onarim obekleri da yapimci firma
tarafindan  diizenlenen = kuramsal ve
uygulamali egitimden gegirilmelidir. Boyle
egitilmis operatdr ve siiriiciilerle isletilen ve
egitilmis bakim-onarim gruplarinca bakilan
yerkazi  araglari  ile igletilen acgik
isletmelerde, {iretkenligin  yiiksek, ton
bagina giderlerin gorece daha diisiik olacagi
aciktir.

Yukarida saydigimiz biitiin kosullar
uygun olsa bile, maden isletmesi iyi
yonetilip isletilmiyorsa makinelerin
iretkenligi ve {iiretilen madenin maliyeti
olumsuz yonde etkilenecektir. Konusunda
iyl yetismis, egitilmig teknik ve idari
calisanlarin, c¢agdas bilim ve teknigin
kilavuzlugunda yonettigi bir madenin hem
iretkenliginin yiiksek, hem de
maliyetlerinin ~ diisik olacagi bellidir.
Makinelerin kalitesi kadar, isletmenin insan
kalitesi de basarili bir agik isletme igin
gereklidir. Kastedilen yaratici, yenilikei,
cagdas yonetim olanaklar1 ve programlari
ile donatilmis, bilim ve akil kilavuzlugunda
¢Ozlim iireten bir ekiptir.

6 SONUCLAR

Kazi-yiikleme giderlerinin diisiiriilmesinde
en 6nemli etkenlerden biri ocagin Omiir ve
biiyiikliigiine uygun, birbiriyle uyumlu
ylikleme ve tagima birimlerinin
se¢ilmesidir.  Yerkazi aracinin  teknik

ozellikleri ve boyutlarinin ocak planina bir
diger deyisle basamak, yol, dokii yeri gibi
degiskenlerin tasarimina, kaya birimine
uygun secimi, kaya gevsetme ve
parcalaniginin, delik makinast secimi,
yerkazi ve kaya tasiti biiylikliigline gore
planlanip  gerceklestirilmesi  Ortiikazi,
cevher kazi, komiir kazi maliyetlerinin
diigmesini olumlu yonde etkiler. TKI
ortiikaz1 yiiklenicilerinde gozlenilen en
biiyilk eksiklik budur, yapilacak isin
biiyiikliigiine uygun yerkazi makinesi ve
kaya tagit1 kullamilmadig1 gercegidir.

Yerkazi  makinesine  uygulanan
bakim-onarim programlart ve yedek parga
saglama ve stoklama politikalar1 ortiikazi
ve tagima maliyetlerini 6nemli Olgiide
etkilerler. Diizenli, iyi bakim-onarim,
Ozgilin yedek parca ve tiiketim malzemesi
kullanmak, giinlinde tedarik  etmek
makinelerin  ayakta kalma oranlarim
yiikseltir, arizalar arasi siireyi uzatip ariza
sayilarin1  diislirerek makinelerin  daha
giivenilir olmasini, daha ¢ok iste kalmasi
saglar. Bu da kazi-yiikkleme giderlerinin
disiirtilmesi demektir.

Bakim-onarim basarisi, diizglin ve
diizenli  kayit  tutulmasi  kosuluyla
istatistiksel olarak belirlenebilir. Bakim-
onarim programi yonetimi ve uygulamasi
basarili ise plansiz durus sayisi azalir.
Ancak, kullanilan yedek parga ve birimler
ve tiiketim malzemeleri 6zgiin ve nitelikli
degilse gosterilen tiim caba ve harcanan
emekler bosa gidebilir, bakim-onarim
gostergelerinde bir iyilesme olmaz, arizalar
seyrelmez.

Yerkazi araglar1 yaslandik¢a verimlerinin
distiigli bir gercektir. Yash araclari ayakta
tutmak i¢in daha ¢ok yedek parca tiiketilir,
sikca bozulup devre dist kalmalar
yiizinden  kazi-yiikkleme  maliyetlerini
olumsuz etkiler.
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Segilen bu yerkazi ve tagima
araglarini1 kullanan, bakan, onaran, yedek ve
tilkketim gerecleri ikmalini yapan, isleten
insan giicli kaynaklariin niteligi, deneyimi
ve egitimi islerin diizgiin akisini saglar,
aksakliklar1 azaltir. Bu nedenle egitim,
yenileme egitimleri, ¢aligma toplantilar
personelin bilgi ve yeteneklerini giincel
tutar. Bu tiir egitimlerde giincel teknolojinin
sundugu teknik olanaklardan
yararlanmalidir.  Operatér ve  siiriicii
yetigtirme ve gelistirme benzetim aygitlar
kullanilmalidir. Gerek yeni operatdrlerin
yetistirilmesinde ve gerekse eski personelin
gozlenen eksik ve koti  kullanim
aligkanliklarint  gidermede bu  egitim
araclarindan kesinlikle yararlanilmalidir.
Bu sekilde personelin  hem basarisi
arttirilmali, hem de koti aliskanliklar
nedeniyle ara¢ ve ana bilesenlerine zarar

vermesi Onlenmelidir. Egitimin  kazi-
yikleme  giderlerini  diisiirdiigii  bir
gergektir.

Cekme kepgeli yerkazar kullanicilarinin
kepceyi bum ve diger aksamlara
carptirmalart olduk¢a yaygin goriilen bir
egitim eksikligidir.  Elektrikli  yerkazi
araglarinda ise bum kaykilma ve
silkelenmesi, kepgenin bum dibine ve
paletlere carptirillmasi, kepge ile kaya
siplirme gibi operatér hatalar1 yaygin
olarak goriilir. Bunlar1 6nlemek hem
duruglari, hem de yedek par¢a ve aksam
giderlerini azaltacaktir. Isletmede makine
operatdrii yetistirmek icin benzetim aygitt
yoksa, operatorler, en pahali ve araci en
hirpalayic1 yontem olan arag listiinde usta
cirak yontemi ile 6grenmek durumunda
kaliyorlar demektir.

Yasam Boyu Destek Programlar
(YBDP), Bakim Onarim Soézlesmeleri
(BOS) ve programlari, Yedek Parca
Saglama Sozlesmeleri (YPSS), ocakta
makine lreticisine ait emaneten (konsinye)
yedek ve malzeme stok bulundurma
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programlari ocak ydneticisinin giderleri
denetim altinda tutmasini saglar.

Teknolojiden yararlanma,  yararl
yiik izleme diizenekleri yiikleme niteligini
(kepge dolulugu) arttiracagi igin iiretim
miktarim arttirarak ton bagina iiretim yani
kazi-ylikleme maliyetlerini olumlu olarak
etkiler. Uretim izleme aygitlari, ariza
izleme ve belirleme diizenekleri de

giderlerin distiriilmesinde yararl
olmaktadir.
Yerkazi  araglarimt  ve  maden

isletmesini yoneten Kkisilerin niteligi ve
basaris1 da {iretim kayiplarim1 en aza
indireceginden = maliyetlerin  diismesini
saglar. Ne yazik ki, bu gergegin ¢ogu kez
farkinda bile olunmamaktadir.
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