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ABSTRACT
MASTER THESIS

COMPUTER AIDED EXCAVATION AND PRODUCTION PLANNING OF
AFSIN-ELBISTAN LIGNITE KISLAKOY OPEN CAST MINE

Amin GHAREHOGHLANI

CUKUROVA UNIVERSITY
INSTITUTE OF NATURAL AND APPLIED SCIENCES
DEPARTMENT OF MINING ENGINEERING

Supervisor: Assoc. Prof . Dr . A
Year: 2014, 8®ages
Jury : Prof. Dr. SuphURAL
Assoc. Prof . Dr. Ahmet

: Asgst. Prof. Dr.Mustafa AKYILDIZ

To make optimum mine plans first the solid and block model of the mine deposit
must be obtained at the right way. There are a lot of computer programs for mine planning.
One of these programs is the national resource and the new devetppdter program
Net pro/ Mine. Il n this study, t he Netpro/ Min
which belongs to the lignite basin Aff k Elmstan and is one of the most important lignite
reserves of ourounty.

This study is including the geraded the solid and block model with usingdiil
holedata and the Netpro/Mine and the detailed volume and mass calculations from the block
model.

Keywords: Net pro/ Mine, Solid Model, Bl ock Model
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1. INTRODUCTION Amin GHAREHC

1. INTRODUCTION

Energy is one of the most fundamental dmcbmotve requirements of a country's
economic and social developmeihe energy required for meeting the needs of the people
and maintaining the development in a healthy manner is used especially in sectors such as
industry, housing and transportation. Energy is regarded as -@dgste requirement in
meeting the basic eds of humanity, extending the average life span of the human and
increasing the living standards. On the other hand, with the increase in population in the
world, the increase in industrialization, the development of technology and the increasing
commercal opportunities as a result of globalization increase the need for energy every day.
On the other hand, the fact that a large part of this demand increase is obtained from fossil
sources in certain regions of the world makes energy an important keyirpdetermining
policies and strategies not only at national level but also internationally. Above all, we are
confronted with the realities that threaten the world, such as climate change and global
warming, as demand for energy increases and is met.

Electicity is produced by the combustion of fossil fuels such as coal, fuel oil or gas.
In water plants, the water circulating in the boiler section of the furnace turns into a very hot
steam, and this steam activates the turbines connected to the altepnadoisng electric
current. The first major oil crisis had been slowed down the construction of such thermal
power plants in industrialized Western countries. However, this type of power plants
continuedo take charge in meeting the energy demand in roangtries.

Al t h o u g h-Elbidtae Lighite Basin has a low calorific value, it is an important
energy source with the greatest potential among lignite deposits in our cdurgrpasin,
|l ocated north of the AfkinaangrBvbnsetanhdss
resource of 4.6 billion tonnes. According to the other lignite fieldginAEIbistan Lignite
Basin has the mine site characteristic that should be evaluated with priority in terms of
economical stripping ratio.

Two thermal powr plants, which started production in 1984 and 2004, were
established in Adn-Elbistan region for the purposé generating electrical energy, and low
calorie lignite coal in the region was introduced to the econolinis estimated that both
power plans contributed more than 16 billion TL (Turkish Liras) to the national economy.
For this reason, the efficient assessment of coal with high electricity generation potential in

the Afkin-Elbistan basin and its acquisition to the country's economy shoulohiedrda plan
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1. INTRODUCTION Amin GHAREHC

and program.

In the mining sector, various computer programs have been developed in order to
evaluate all the available resources, to obtain maximum benefit froopénaéd mines and
to fully determine the mineral reserves. One of tleesgouterprograms is the Turkey's first
domestic product in this area called Netptiole software Netpromine has been developed
i n cooperation bet ween Hacettepe Uni ver si
T, BKTAK and it al | owsnsfrom explarktien t@protductiore c hni c al

Netpro/Mine has been developed to perform production designs by producing
topographic terrain model, obtaining 3D orebody model usingldyi# dateand geological
surveys made, performing resource and reserve catmsatdetermining which method is
the most efficient, economical and environmentally friendly production method for ore
deposit using terrain and orebody model.

To make an effective production planninfiystly it is necessary to determine the
gualitativeand quantitative charaaistics of the lignite deposiQualitative properties are the
properties that are result of geological and geophysical surveys; quantitative properties are
defined as the properties that occur depending on the sensitivity ofatialesl such as
guality and quantity. Usually, the first step is to complete researckxaidrationdrillings
and field surveys. The second step is the creation of a geolsgicdimodel showing the
properties of the lignite deposit such as geometiyeralization and its continuity, lignite
guality and quantity by using the information obtained as a result of these surveys. The block
model of an ore body is obtained by dividing the ore body into discrete small blocks. A
single block in any block modebn be defined by thedmensional index notation system
@, j, k). While determining the dimensions of these blocks; factors such as quality changes,
geological continuity, machine capacities, rock mechanics properties and data cztheity

computershould be considered.
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2. PREVIOUS STUDIES

2.1.Studies Related tdNetpro/Mine Software

IntheM.Sc.t hesi s (Arée°z, 2011) semedomMmEgfal uhbt
Elbistan lignite field by using Netpro/Mineg215 drill hole data taken from the area are used.
The geostatistical evaluations, 3D orebody modelling studies, block modelling studies,
thematic maps studies and detailed reserve calcadat s ar e perfor med |
Netpro/Mine. The results of the study have been compared with the results of previous

studies and the difference has been found to be acceptable.

2.2.Studies Related toA f kElbrstan Lignite Basin

The first sHbistdanilignde basimverdnfiadei on the coal investigation
and coal reserve. Then, the feasibility, geophysical and geotechnical studies of the lignite
coal field were conducted. Major studiesarried out on this basin in the past® given
below in chrowlogical order.

The first studies in the regiowere conducted by Onen (1936He examined the
|l ignite deposits in the wvicinity of Sivas,
that coal formation exists in four different places around Kahramarapgovince,but they
do not have economic value.

Otto-Gold (1969), as a Consultan&ngineering company, conducted detailed studies
about t he pr-Elbdsam kgeite within thef framemwork of German technical
assistance and then conducted sotherdeasibility studies. For this purpose, the feasibility
st udi e s-Elwstan Igritewera carried out to find the lignite potential, formation,
extent potential reserve and properties by conducting surveys, drillings, analysis and some
otherstudies between 1966 and 1969.

In the production planning and reserve
prepared by Rheinbraun Consulting (1976)wits stated that 1.576 x $0n® burden and
interburden and 577,9 x 4@nnes lignite exist in tharea.

As a result of the hydr ogeoliEbigtancalblar st u d i
lignite sector, Ozbek and Gicluer (1977) found that the limestones in the foundation
formations areaquifer andstated that there can be an effective amount aemthat can

3
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come from these levels to the operation area.
Aydojan (1978) s t aretaken irt theafeasibitg Studiesrof thel i n g
lignite deposit which is previously discovered in the Elbigfatiolar sector and according
to these drill d&a, it was stated that the coal thickness is decreased from east towards west
and towards the northwest.
Gursoy et al. (1981) found a 466 milliwannes lignite reserve in the survey of the
area between the Collolar, Hurman and Sinekli villaggem thesamples taken from the
lignite seam, the age of ligniteasdetermined as Pliocene, and accordinghesOstraods
found in thegytiaunit, the age of the sedimentasdetermined as PlioPliostesen.

Peringek and Kozlu (1984) studied the stratigraphshefunits in the area between

Af ki n, El bi stan and Dojankehir and their re
dat a, the researchers found that t here are
Af Ki n.

YO r ¢ k(@991) earried out a study on geoleigydrogeology, planning criteria,
coal production amount and machinery and eq
The informati on alblostan lignitdwascolbeatedibynGoknfen e f K i n
al. (1993).Accordingto the collection; they reported that fileogene rocks forms the basis
of lignite-bearing units and Neogeiaged sediments evolve in linorfacies.
Kirkcl, Ersoy and Ersun (1993) aimed teer&d a mi n e -Elbsan Glfolari(B)
sector, whichwasdetemined by previous studies, by using geostatistical method. As a result
of the studies, itwas understood that there is no big difference between the amount of
reserves obtained with the Contduand Reserv&Coal programs using the Taylor approach
and theamount of reserves obtained from the 'GEBS' program using the kriging method.
The reason for this is that the coal deposits have a sedimentary structure. In other words, it
can be attributed to the fact that it is different from the structuring ofllnetanes, which
have more application area with geostatistical methiodthis study, itwas concluded that
geostatistical method can be applied because it allows statistical examinations in order to
minimize the error rate.
Oztiirk (1994) revealed that there is hard rock problem intliekElbistan opercast
mine and shown the degree to which it affects the operdtisrasrevealed the role of hard
rocks in the causes of excavator stoppingaddition, hard rock volumesere determined
according to the benches by drillings conducted by TKI and Rheinbraun Consulting.

Working techniques of excavatorgere investigated depending on the position of the hard

4
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rock layer in the bench. As a result, methods that can be applied to rdmegaocksvere
introduced.Machine parkwas selectecccordingly and specifications of the investments
wasmade.In addition, the production of loadable material for rotary excavators by drilling
and blastingvasinvestigated. Cost and efficienayereinvestigated among the methods.

The study on the effect of block size selection on coal reserve estimation by Saydam
(1995) was started with the creation of a database by transferring 305 drilling data including
coordinate values (X, y, z) and coal thickmesformation to computer environment.
Statistical analysis and variogram analysis of the coal thicknesses were made using this
databaseUsing the data obtained from the variogram analysis, the coal thickness estimates
of each block in the ore deposit mied into the theoretical blocks starting from 100 x 100 m
up to 1000 x 1000 m were made by the Kriging Method with keeping the kriging radius
constant. Then by keeping the block sizes constant, the effect of the kriging radius of 300
150 m, 6068300 m, 60400 m, 800400 m and 120600 m on thickness estimation were
investigated. In the constant kriging radius, it was determined that the block size had little
effect on the coal thickness estimation and that the thickness of the coal decreased when the
kriging radius increased.

Kelée- (1996) carried out the stability e
that the most important layer for the stability of the slopes in the field is the clay layer just
below the lignite, which has the lowest interfiétion angle and cohesion, and that this
layer is very critical whemnteractedwith water.In addition, it was stated that a few meters
of freshwater limestones on the coal layer had a negative effect on the working performance
of bucket wheel excavata Several aquifers (Quaterna@ytia, KarsticL i me st on e, Keé:
Aquifers) were found to be rich in underground and surface water and negatively affect
stability. It was stated in the benches where these aquifers are located that drainage of
groundwate should be ensured by means of drainage wells.

A tot al of 305 drilling data on the ¢°]
geostatistical methods and a block model of the sector was produeedinal limits of the
pit area were determined by afteare developed for computer aided production, and
production planning was made.

The reasons for the low performance of & kElbistan (A) Thermal Power Plant
by Ural (1999) were investigated and one of these reasons was determined as the
insufficierncy of the limiting parameters that determine the quality of lignite used as fuel. The

two most important limiting parameters that determine the quality of salable coal are the
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strength properties & f kHIbistan lignite and the ratio between the calonfalue and the
ash content. In order to determine the strengthigafte, a method called corrected impact
strength test was devel oped.-Elbistarelignite mgrya c t
between 9.8% and 56%. Salable lignite should have an avienpget strength of 45% and a
variance of 4%. Therefore, it was determined tiggite with different properties should be
blended.

Erguder et al. (2000) conducted studies to determine the dip and strike of the faults in
this region within the scope of gghysical survey inthe eastern final benches of the
Kekl ak®°y Op.dmy fQuadsthat tidiexisiéng faults continued in the direction of
the mining operation.

The C and E sectors in the west of the Hurman Streamlet in the Elbistan Lignite Basin
were re-evaluated by Kocak (2000) with existing data. It was stated that there was 796
million tons of exploitable lignite reserves in the two sectors and if the drilling was done in
the west of the basin, the reserve might increase.

The dynamic stability analysis related to thepit waste dumparea of the Af K i n
Elbistan LigniteK &€ k | @pefl Qast Minavasper f or med by Keéltaking and
into consideration the earthquake importance of the reghith the dynamic stability
calculation programs developed, analyzes were made by using Bishop, Carter, Winding
methods to analyze three different water conditions and earthquake eMedsresult of
these calculations, wasdetermined that themasnot anyfailure hazard in Bnches of the
dump area even in case of taking all probability and earthquake coefficient into account.

In their studies on the lignite reserve of the regkogak et al. (2003petermined
that theprovenreserve in the basin is 4.3 billion tons and tbenemially exploitable lignite
reserve is 3.8 billion tons.

Ural and Yuksel (2004) identified sorfectors affecting the stability their research
onstabilityi n K é k | &hst Mine Ohese factors arthatthe high level of groundwater
exists,thegytiaunitis weak zone, clay unit under lignite could cause potentdihglifailure
and he shear strength values of the units in the study area are represented by the residual
shear strength values.

In the Ph.D. thesis prepared by Mert (2010), prinhardatabasesvere preparedby
analyzing geological data ardtill hole d at a o f -Elbistan ligAife basim. Then,
numerical thematic maps used in mining activiieseformed and combined under GI&s

a result, fithe Production Tracking and Plannirigformation System software was

6
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developed with the ability to integrate both the graphical andgnaphical data and the
logical and topological relationships between these data and thus to pspftiatanalyzes.

With the help of this software, wasmade possible to watch them on the digital maps by
placing GPS receiver on excavatofs.was provided tomonitor quality data such as
production amount, calorific value, %humidity, and %asimultaneously with the
production of lignite, and to stostod records as databada.addition,it was revealed that

it is possible to prepare land use maps or to determine the regehty distributions in a

defined area from the screen, by means of these databases which are important in terms of
blending, andther processes and the information system developed.

In a master thesis of comparison of reserve modelling methods in a lsgaite
prepared by Turhan (1993%alculation of seamthickness, coal thickness, ash content,
moisture contentalorific value,surface elevation and base elevation values in a lignite bed
were performed with different estimation methods. a result of each point estimation
technique, performances of these techniques were compared by evaluating statistical errors.
In this comparien, it was concluded that kriginmyverse distanceveighting inversesquare
distanceweightingand trend surface analysis methods have reached better performances than

polygon, Taylor aproximation and triangular methods.
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3. MATER IAL AND METHOD

3.1. Material

The Kéklak°y sector of the Lignite basir
of Kahr aprevimga aas heen selected in this study. In the previous years, 280 core
drillings have beemwpenedby the General Directorate of Mineral Research and Exploration
(MTA). The data obtained from these drillings have been evaluated with Netpro/Mine

softwarewhich is one of the computer programs used in mining sector.

3.1.1Field of Study

A f kHlbrstan lignite basin is located to the northfof kandhElbistan districts of
Kahramanmaras province. It is the basin with the largest reserve among lignite deposits i
Turkey. At the same time, the basin has the most important potential in terms of electricity
production in Turkey.

The exploration studies of the basin biegn 1966 in cooperation with the General
Directorate of MTA and a German compaagd n 1967, abodant amount of lignite
reserves with low caloridhave beendetermined in the basirVithin the scope of the
investment program of 1968,has beemecided to establish a thermal power plant by taking
advant a g-Elbistah ligniité.Ix 1978, the firsunit of the power plant, which started to
be constructed as four units of 344 MW edwsstarted production in July 1984.

A f kHlbistan A Themal Powerplant, which is one of the biggest electrical
powerplant of the Turkey and the world in those yeamsl shown as the biggest public
investmentdone byTurkey, has produced 98 billion kWh of electrical energy for 24 years,
and by this time, burned over 200 million tons of lignite céaf. kEIbrstan B Thermal
Power Plant, which started construction B0@ and started to produce electricity in 2004,
has produced a total of 16 billidk&Wh electric energy to date.

A f kHlbistan lignite basin is divided into sectors A, B, C, D, E, F in order to
determine the location of the lignite reserve due to theoditeereserveand the basinThere
is a total of 4.6 billion tons of lignite in the basifhe lignite basin, which covers an area of
approximately 120kdp consi sts of three main sectors,
(C) and D, E and F sectorisignite reserves in the west of the Hurm@treamletpassing

8
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through the middle of the basin have defined as C and E sectors, lignite reserve to the east are
defined as A, B, D and F sectof®tto Gold, 1969).

The feasibility report of the basin was pregghin 196%and t was decided tdirstly
start the lignite excavatin s i n t h e Weéausk af khé fact thae bodiepihrof the
opencastmind s | ow in the Kéklak®y sector and th
should also be founded ather sectorgOzdemir, 2013).

3.1.1.1. Location and Boundary of the Study Area

Af k-Elmstan lignite basin constitutes about 46% of lignite reserves in TuFey.
this reason, it has an important place in the energy production of our colimrgeneral
locati on of the basin and the Kéklak®°®y sector

The study area is |l ocated onThénhirnesitdéid 25 . 0 (
in the northeast of Afn district of Kahramanmarand 15 km away from the district center.

Theligntebasin is divided into A (Kéeklak®°y),
E (Cobanbey) and F secto#s.é K | a k °Gast ipeAEL) is in A sector of the basin.
¢oj ulishhame west of the basin andAfKElbstank ©y i
basin.

The area around the study area 1 s bor c
mountainsThe Ceyhan River, which is 3 km sout he
and passes through the middle of Elbistan, is the lifeblood of heTbié importanteachof
the Ceyhan River in the basin is the Hurn&reamlet The Hurman Strealst starts from
the west of the Adn-Elbistan basin and leaves the basin to the south, and mixes with the

waters of the ¥zder e, kayw@reekssu, Takardé and t
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3.1.1.2. Climate, Vegetation and Morphology

A f kHlbrstan lignite basinis in the transition zone between the Mediterranean
climate and theontinentalclimate. The western part of the basin mostly reflects a transition
type of the Mediterranean climaté& cold and humid winter season and a hot and dry
summer seasoare seenOn the other hand, because of the more continental climate in the
eastern part, the winter season is cold.

Precipitation occurs during Marefpril in spring and OctobeNovember in autumn.
Northeastar winds blowfrom the north and southwestérom the southwst. Northeastar
winds mostly brings snow and southwesternds brings plenty of rain to the area.

In the senmtarid climate, plants and trees tend to grow slowly. Juniper, Oak, larch and
cedar species which are seamid climateresistant tree speciesisixin the region. There are
willow and cypress trees on the sides of the stream. The surrounding mountainous areas are
covered with limestones and this region is bare in terms of vegetation. Wheat, beet, beans,
potatoes and sunflowers argrown in the lowand. Although stock breeding is
underdeveloped, beef cattle and sheealtezated

There are plateaus lined up in various elevation steps between the high parts of the
mountains, which limit the Elbistan area to the north and east, and the lowlaes® T
plateaus located between 15200 meters carry the effects of the Mediterranean climate
through the Ceyhan Valley. The study aieén A f k Elbistan lowland and has an altitude
of 1200 m. Kéezeéel daj, which i s | oiocesandelichitechthe t h e
pit area, has altitude of 700 m.

3.1.1.3. Exploitation Method

In the facility, the overburden and coal, which are excavated byubket wheel
excavators BWE), are sent to the belt transfer point via thedt conveyorsAt the belt
transker point, the bands coming from the excavatogacan be easily adjusted by means of
moving drums to a suitable belt leading to sheckpile The lignite excavated by BWESs is
sent to the stockpile and the overburden is sent to the outepibdump aea.

BWESs can excavate approximately 3,00&/hrour onsite and have the capacity to
excavate up to 30 m and 4 m below in height. According to the situation BWEs can make

excavations in steps up to the desired height in the same bench. The bench heights in the

11
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excavation area are tried to be kept ahaximum of 1820 m in proportion to the bucket
wheel radius (bucket wheel diameter = 12.25 m) in terms of excavation efficiencpelfhe
conveyors have a width of ,800 mm and a speed2frs. As the bench proceed, the belts
carrying the overburden fno the excavator are shifted either by agwar or parallel belt

slider.

3.1.1.4. General Geology of the Basin

A f kHlbistan Basin is a closed basin formed during the elevation of the Taurus
Mountains at the end of the Alpine Orogenesisl gproximately 150 mabove sea level.
PermeCar boni ferous ol d | imestones are the b:
northeast and east of the area, consists of pinkish, whitish crystalline limestones and is of
Upper Cretaceous age. There are more Neogene formatiotise ifbasin. The lignite
formation in the western part of the basin also occurred at thigFigare 3.2-3).

&‘\.

- L~ -

Figure3.2.A view of the clay basi@Mert, 2010)

12



3. MATERIAL AND METHOD Ami n GHAREHC

The Neogene formation outcrops to-1the
Pleistocene aged formations and is covered by Quaternary sediments in othefHijpres
3.45).

Stream sediments as like pebldandy clay and brownistedloam is located above
dol omite and | i mestone units whi c CasttMinempo s e s
These sediments multiply upward into figeained classical materials and continue as a thick
clay layer under coalThe clays ardurned into marlto the southwest and sometimes
completely turn into mass. Apart from the boundary of the coal field, these layersanely,
and the gravelly materials show transition with slope wash.

The structural geology of the bads mainly determined by two factors. These are
Alpine orogenesis and younger sedimentations during Pliocene. Alpine orogenesis creates
normal and reversslip faults on the basin floor and sid@$ie Pliocene graben also follows
these weak zones along feuln the northwessoutheast direction. The weak zones in the
north of the basin are turning towards the northwHsese faults, which are almost parallel,
are concentrated in the northeast of the K
bench For this reason, there are occasional auxiliary sections in theSar&a:slips of the
faults affecting the northwest of the open pit mine are around 50 m. In the mining area, coal
layers are laid betweenZD m. The dip of the faults is 6D degreesn the southeast
direction. In the area that is exposed to tectonism only in the northeast, the dip angle reaches
to partially 15 degree@ztiirk, 1994).
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3.1.1.5. Hydrogeological Structure of the Basin

Smal | streamlets such as ¢ojul han and D
of the area. Two large channels, called the eastern channel and the western channel, have
been constructed to control the surface water from the western and northern sdeo$lop
Kezéeldaj. The eastern channel coll ects both
field. In addition to the surrounding water, the western channel collects water pumped from
the upper aquifer anglytiawells.

Underground water drainage is as follows. y#ia which is usually above of the
coal and sometimes intercalated with charcoal, usually contaiii®%0water. The water in
thegytiais characterized by a confined aquifer. It shows an elevation of affatrd from
the upper level. It has less permeability and does not release water. Due to the lack of
permeability, the underground water flow in thaiaaquifer is very slow.

Because the water contained in the quaternary pebbles of the upper aquder is n
abundant and because of its permeability gytea and the upper aquifer are drained from the
same water well. Due to the lack of permeability, drainaggyti& is very difficult. It is very
difficult to excavate and pile ugytia formation which is ot sufficiently purified from the
water.For drainage oGytia, 200 drainage wells with 125 m spacing and 1,000 mm diameter
have been opened in the northwest of the site. Flow rate gfytlzewells are 0.3.5 It/sec.

For this reason, low capacity submsibte pumps hee been installed in the well@ztirk,
1994).

3.1.2Drilling Data
I n AHlbsstamlignite field that is the study area, 280 drillings have been conducted
by Mineral Research and Exploration (MTA) in the previous years. The distribution of

driil i ng | ocations i's shown in Figure -3.6.

dimensional coordinate values (X, Y, Z) of drilling points.
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Figure3.6.Drill holelocations

3.1.3. Netpro/Mine Software

NetCad has launchedT ur keyds fir st domestic produ:t
Netpro/Mine that enableall the technical design from the exploration stage to production
stage with the collaboration with Hacettepe University Department of MiGhgineering
Turkish Coal Entempi s e s ( TKK) Hetpb / MibeBdoffwAr& is still being
developed by related institutions. Netpro/Mine, which is developed with 100% native
information, is available in Turkish and English versions.

Netpro/Mine is aNetCadmodule that realizes alhé stages of orebody modelling and
mining applications. The software gathers all the tools such as data entry, creating digital
terrain model, 3D viewing and digitization, geological solid modeling, block modeling,
geostatistical resource and reserve ediiom, mine design and production planning under
Netcad's roof.

It is thought that it will be a preferresbftwareby Turkish mining sectom the near
future due to the fact that it was developed locally imposing ldhguage advantage
(Ozdemir, 2013).
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3.2. Method
3.2.1Entering Drill Hole Data

To create a project with Netpro/Mine, 4 database tables should be available with at
least the following columns.

U Collar, hole id depth X, Y, Z

U Survey hole id depth from, to, dip, azimuth

U Lithology; hole id depthfrom, depthto, lithology

U Sampleshole id depthfrom, depthto, sample valueggrade calorific value,
ash contentmoisture etce )

Table columns are matched with each other by selecting the database table prepared
in CSV format, transfer type, bracket style, and then taiftemationis transferred to the
empty access (*.mdb) file by pressing tl@K" button. After each file columare matched
with the corresponding column to be added in tbeltmnPairing” section, matching should
be confirmed by pressing "Add" button. When all column matching is done with this method,
data transfer should be performed by "OK" commaiithis shouldbe done separately for
each table. The tables to be transferred are given below and the transfer windows are given in

Figure 3.710.

U Collar

U Survey

U Lithology

U Raw Sample

3.2.2.Compositing

The cores taken from the drillings are different in length. Compgs{quivalent
sample length) operation is applied to convert cores of different lengths into cores of the
same length. Resource or reserve estimations are made on composite data.

The operation can be made by eit reir cl i
the data catalog and selecting fAiAdd Compos

project and then selecting AAdd Compositesbo
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Suitable parameters ar e oavundow opered(Figure m t h e
3.12).

Composite Length It is the unit length othe composites to be formed. As a rough
approach, the composite length can be selected slightly longer than the average length of the
samples.

Acceptance PercentageSamples with a shorter length than the composite length can
be accepted during composginAcceptance percentage is used to determine the smallest
acceptable sample length. Suppose that the selected composite length is 3 migters. |
acceptance percentage is 50%, this means that samples up to 1.5 min length (3 m x 0,5 =1.5
m) will be congdered among the 3 m composite samples.

Compositing Using Lithology. The compositing operation can be done by using
lithology information. In this case, one or several lithological units are selected and the parts
to be composited are specifiedf AWith Lithologyo option is passive, the compositing
operation are performed by taking into consideration all lithological units.

Core Recovery It is expressed as the percentage of the ratio of the total length of the
core parts recovered lengthdrilled.

Specific Weight It is defined as weight pemit volume(NETCAD, 2012).
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Figure3.12.Compositing values

According to the parameters given at the end of the composite, "Raw Sample
Records" are rearranged and transferred to "Sample Rec@tidsite3.1314).
Composites created can be viewed by actdi

mouse right click button on project in 3D screen (Figure 3.15).

3.2.3.Surface Modelling

Top, middle, bottom and lowermost surfaces of the seams can be formesdirbgiting

points with the methods like nearest neighborhood, inverse distance, kriging, or by making
no estimation (Figure 3.16). In addition, as shown in Figure 3.17, the user can select the
desired lithology to create the surfaces of that lithologyT{®ED, 2010). A surface thus

obtained is shown in Figure 3.18 as an example.
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Figure3.15.Composite view
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Figure 3.16. Coordinate selection table
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Figure 3.17. Lithology selection table
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The program provides the user with information such as surface area of the generated

surfaces, number of triangles, average elevation, minimum and maximum coordinate values
(Figure3.19).
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Figure3.18.Upper surface view

Nc32.exe - Bilgi e

/ - Yiizey olugturuldu.

( Yuzey Alani (m2): 26,489,657 932

N Yiizey Alar 2D (m2): 26,168,038.678
Uggen Sayisi: 546
Ortalama Kat [m): 1,102.276
Ortalama Edim [<): 181.083
Drtalama Edim [Y): 90.529
Ortalama Edim [Z): 243.972

«” Tamam

Figure3.19.Generated surfadgeformation
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3.2.4Cross Section Modelling

Crosssectioning is performed throughout the sections for the correlation and

digitization of the sections taken throughout the f{@&idjure3.20).
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Figure3.20.Creatingcrosssections

The right mouse button must be used to terminate the digitization process. The lines
createdbecause of he di giti zati on pr oeSeescst iarnes ok € paty el
data 1 ndex. By using t he hithmrighpnouse cliekoanyp ut t
crosssection, it can be learnt the number of cresstion and number of points in the layer
(Figure3.21-22).
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Figure3.21.Access tahe crosssection properties
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3.2.5.50lid Modelling

There are many different solidodellingtechniques applied in practice. Although the
application methods of these techniques are different, they do theopana¢ion There is no
specific standard in coputersoftwaresdeveloped foBD modeling. Differentsoftwarescan
use different techniques. In the selection of ninedellingtechnique to be used in the solid
modellingprocess, many parameters such as the type of ore in the ore depdsstiding
type of theore deposit and the geology of thieidyarea should be taken into consideration.
After these parameters are evaluated, soliodelling can be performed accurately and
reliably. Apart from this, the person who will perform the modelBhguld have knowledge
and experience abomtodellingmethodgOzdemir, 2013).

The Netpro/Mine miningsoftware used in the study has three different solid
modelling techniques, including solid modelling from cresstion to point, solid modelling

from crasssections and solid modelling between surfaces.

3.2.5.1. Solid Modelling from Cross-Sections

After digitization of all cross sections is completed, the cross sections that will form
the model is introduced to treoftwarer e specti vely by wusing the
command. The solid model is created according to the-sexgnal sequence introduced
by the use(Figure3.23).

After all the cross sections are introduced, the right mouse button is used to create a
model(Figure 3.2425).

Create Intersections: When creating a solid model, it serves to create virtual-inter
sectiondetween two cross sections.

Normalize Crosssections: It is the same digitization process made in the eross
section menu.

Maximum Point Distance: It is the maximum distance considered between two

points.
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Figure 3.24. The window showing properties of the solid model to be created
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Figure3.25.Solid model view(Ozdemir, 2013)

3.2.5.2. Solid Modelling between Surfaces

To create a solid model bet ween

Between Surfaces option is selected from the nfEigure3.26).
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Figure3.26.Access tdhe solid modelling between surfaces command
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Solid surface modkng method consists of the 3D malieg of two surfaces (top and
bottom) which determine the boundaries of thed®posit andjenerating the solid model by
modelling between these surfaces. The advantage of this metihaditiee boundaries of the
ore depositre determinelly means of the surfaces obtained during 3D niinde

Figure 3.27 shows the lower and upper surfaceaimdd by using drillings, starting
and ending point of the ore. In Figure 3.28, the appearance of the solid model obtained by

the method of solid modleng between surfaces is given.

Figure3.27.The view of the upper and lower surfaces creadegroducethe solid
model(Ozdemir, 2013)

Figure 3.28. The view of the solid model obtained by the method of solid modelling

between surfacg®zdemir, 2013)
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3.2.6Block Modelling

The block model of an orbody is obtained by dividing the ore body into small
discreteblocks. A single block in any block model can be defined by 3D index notation
system (i, j, k). This definition is generally expressed in 3D. While determining the
dimensions of these blocks; factors such as quality changes, geological continuity, machine
capacities, rock mechanics properties artd dapacity of the computehould be considered
(Mert, 2004).

In 3D block model, geological characteristics, metallurgical properties and
geomechanical parameters are assigned to each block. The assignihese giarameters is
done by one of the interpolation methods such as geometrerse distance weightingr
Geostatistic§ Ar €é°z, 2011) .

3.2.6.1. Block Modelling within the Solid Model

This process can be done by using fBéockingd command that appears witheth

right mouse click on the layer of the solid model to be blocked in data céfadpge3.29).

Figure3.29.Access tdlocking command
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