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ABSTRACT
3D orebody modelling and mine design is one of the difficult and challenging tasks that
mining industry faces with. Mines are non-renewable natural resources so that they
should be extracted based on modern mining science and technology. This requires
using fast, user friendly, reliable computer programs that have an ability to visualize in
3D in orebody modelling and mine planning. The paper gives basic principles of these
kinds of applications and presents some examples.
Keywords: Block Model, Data Base, Geological Solid Model, Geostatistics,
Visualization.

ÜÇ BOYUTLU CEVHER YATAĞI MODELLEME VE OCAK
TASARLAMA
ÖZ
Cevher yataklarının 3 boyutlu modellenmesi ve ocak tasarımı, maden endüstrisinin
karşılaştığı en zor ve karmaşık problemlerden birisidir. Madenler, üretildiğinde bir daha
yerine konulamayan doğal varlıklar olduğundan bunların çağdaş madencilik bilim ve
teknolojisine uygun bir şekilde çıkarılması gerekir. Bu ise cevher yataklarının
modellenmesi ve işletme tasarımında 3 boyutlu görselleştirme yeteneğine sahip,
kullanıcı dostu, hızlı ve güvenilir yazılımların kullanılmasını gerektirmektedir. Makale,
bu tür uygulamaların temel ilkelerini vermekte ve örnekler sunmaktadır.
Anahtar Kelimeler: Blok Model, Veri Tabanı, Jeolojik Katı Model, Jeoistatistik,
Görselleştirme.
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1.

INTRODUCTION

Mineral resources are natural occurrences that cannot be replaced once they are
produced. Due to its non-renewable properties, it is necessary to offer mineral resources
to the use of society with the highest benefit. Mining companies are aware of this
situation and want to operate their mines in accordance with today's mining science and
technology. Modern mining science and technology requires three-dimensional
modelling and designing of mines before their productions. This necessitates integrated
computer programmes which are capable of modelling and designing all stages of
mining, from mineral exploration to mine closure.
Data management that is underlying the orebody modelling and mine design, 3D
geological solid modelling, block modelling, mineral resource estimation and surface
and underground mining are the main components of integrated mining software. This
paper sets out the basic requirements and principles in forming these components and
provides related visual examples. The paper is based on the experience gained during
the development of mining modelling and design software NETPRO/Mine. However,
many general rules mentioned herein may be applied to the other software platforms.
There are many studies in the literature regarding the development of three-dimensional
orebody modelling and mine design software. Sides [1], Henley [2], Mallet [3], Turner
[4], Caumon [5] are the examples of these studies.
Sides (1997) has reviewed the classical methods used in orebody modeling and explored
ways to increase the efficiency of three-dimensional geological modelling. Henley
(1998) has examined the difficulties encountered in the development of orebody
modelling and mine design software over the past two decades and made some
predictions for the future developments in this area. Turner (2006) has reviewed the
problems and new developments in three-dimensional geological modelling and
visualization. Caumon (2009) has given practical guidelines and principles to be
considered when transforming geological data into three-dimensional structural models.
First, basic data structures used in orebody modelling and mine design have been
introduced and then geological solid modelling process has been explained. In the solid
modelling section, the principles of block modelling and the estimation of block values
have been investigated. In this context, mineral resource estimation methods are
introduced. Mines are exploited by underground or surface mining methods depending
on their locations. In the final stage, the design process of these methods in threedimensional environment is briefly explained and visual applications related to each
component are presented.
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2.

DATA BASE

The data underlying the orebody modelling and mine design are generally based on
information obtained from drill holes. The information can be roughly grouped into
three groups: geometric, lithological and attribute data. Geometric data includes
information on the geometry of the drill holes such as x, y, z coordinates (UTM or
position), depth, dip, azimuth and diameter. The data on lithology and attribute are
related to each core sample taken from the borehole and represent the geological and
quality variation with the depth of drill hole. For example, while the lithology includes
the geological unit and recovery of each core, the attribute includes the attribute values
(for coal mines calorific value, ash content, moisture content, sulfur percentage; for
metallic mines grade and density) obtained from the analysis of each core.
A data base should be able to provide effective tools for entering data related to
drillings. For example, in such a database, attributes and lithologies should be entered as
user-defined, these definitions should be selected from a data library and shared among
different users. Display color and pattern should be able to be defined for both lithology
and attribute. It should be able to provide multiple attributes (such as Zinc + Lead) to an
attribute.
Data control should be possible. These controls include to detect incorrectly entered
coordinates, to find out values if any outside the possible range, and to check sum of
different attributes not to be greater than a certain upper value. It should be able to
produce composite (in equal lengths defined) data from raw data. Composites, same as
variogram calculation and kriging, are the type of data mainly used in block modelling.
In the production of this data type, factors such as lithology and core recovery should be
taken into consideration. Raw data and composites can be saved separately. Summary
statistics of the data can be calculated and histograms can be drawn. Such calculations
and drawings could be done with both raw and composite data.
The drill holes should be shown in three dimensions (Figure 1). The three-dimensional
representation of the drillings should be possible simultaneously with the data entry.
The data base should be spatial, the data in different formats (such as TXT, CVS, LAS)
should be read and written. Data transfer must be interactive, and records that are
problematic in data transfer must be reported to the user.
The data can be filtered. Filtering should be applicable to any data such as drill hole
geometry, attribute and lithology. Reports should be produced from the data. Reports
can be a drilling log report as well as a drilling list. Log reports should be produced
according to user-defined templates and reporting should be possible in any desired
format (pdf, doc, xls etc.).
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Figure 1. Three-dimensional representation of drills. Lithologies are shown in
different colors.

3.

GEOLOGICAL SOLID MODELLING

The size, shape, elongation and geometry of the objects related to the earth, such as the
ore deposits, in three dimensions, are known as geological solid (wireframe) modelling.
For this purpose, the approaches used in coal and metallic mines differ from each other.
The modelling of coal deposits is based on the fact that geometric estimations in two
dimensions are carried to three dimensions. Two different approaches are used for this
purpose: 1) Cross-section method, 2) Roof-floor method. In the cross-section method,
generally vertical sections are taken, in each section the geometric boundaries of the
coal are determined and finally the two-dimensional shapes in the sections are combined
to form three dimensional geo-objects (Figure 2).

Figure 2. Cross-section method. a) Cross-sections, b) Creating solid model.
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In the roof-floor method, roof and floor surfaces of the seam are modelled as a digital
terrain model, and then these two surfaces are combined to form a 3D solid model
(Figure 3).

Figure 3. Roof-floor method. a) Roof and floor surfaces, b) Solid model.

In addition to the modelling approaches given above, metal grade is taken into
consideration in metallic mines. Ore boundaries are determined according to cut-off
grade and the resources above this grade are considered as ore. In geological solid
modelling of metallic mines, there are also approaches that consider only cut-off grade
(For example Cowan et. al. [6]). However, caution is required for such methods.
In an application includes geological solid modelling, there must be tools for both
methods. These tools should be supported with cross-sectioning, fault modelling and
different interpolation methods. Broken cross-sections should be taken, the fault planes
should be used in applications after geological solid modelling, the nearest
neighborhood, inverse distance weighting and kriging methods can be applied in the
interpolation.

4.

BLOCK MODELLING

Block modelling is a model for the variation of ore quality in solid model. For this
purpose, solid model is divided into blocks, and the average grade value of each block is
calculated by the interpolation method or simulation method. Block sizes and their
shapes may be variable as they can be fixed. Block grades can be estimated by the
methods like nearest neighborhood, inverse distance weighting and geostatistical
methods. The geostatistical methods may include linear techniques such as simple
kriging, ordinary kriging, cokriging, and nonlinear techniques such as indicator kriging.
Sequential normal simulation and sequential indicator simulation can be considered as
simulation methods. In addition, tools for pre- and post-simulation processes may be
required.
Figure 4 shows the block models with and without interpolation. In the interpolation,
the ordinary kriging technique has been used. Variogram analysis is needed both for
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interpolation and for simulation to display the variability of the variable as a function of
distance in three dimensions. Block modeling tools should include tools for modelling
variograms. These tools should be able to calculate experimental variograms or models.
Figure 5 shows the experimental and model variograms calculated in the vertical and
horizontal directions.

Figure 4. Block modelling. The model on the left shows the blocks on which the
interpolation is not performed and on the right the interpolation is performed.

Variogram tools should support basic models such as spherical, nested structure,
exponential, Gaussian etc. and in addition with the variogram, spatial variability should
also be measured with the tools like covariance, correlogram and covariogram.
Block modelling applications should include techniques such as cross-validation which
test that model parameters of variogram are not inconsistent.

5.

MINERAL RESOURCE ESTIMATION

Mineral resources are often confused with mineral reserves. Mineral resource is an
occurrence or concentration that has an economic importance on or within the Earth's
crust. This occurrence or concentration is present in the shape and amount that can be
produced economically at the final stage. On the other hand, mineral reserve is the part
of the resource which can be mined economically. It contains the losses and dilutions
that occur when the ore is excavated. In other words, the term mineral resource refers to
the mineralization that is identified and estimated by exploration and sampling, while
the mineral reserve refers to the presence of the mineralization within the resource by
considering the factors related to mining.
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Figure 5. Experimental and model variograms calculated in the vertical direction (left),
and in the horizontal direction (right).

The mineral resource is generally characterized by the amount of ore (tonnage) and its
average quality (grade). These parameters also depend on the cut-off grade. As the cutoff grade increases, tonnage decreases and average grade increases. The graphical
representation of tonnage and average grade as a function of cut-off grade is known as
the grade-tonnage curve. A typical example of a coal resource is given in Figure 6.

Figure 6. A typical grade-tonnage curve.

A standard orebody modelling software should help to produce reports such as tonnage,
average grade or grade-tonnage curve from the block model. In practice, a fixed density
value is used when calculating the tonnage. However, the density depends on the quality
of the ore. For example, for an iron ore deposit, when the Fe content of the ore changes,
density change is inevitable. Similarly, there is an inverse relationship between the
calorific value and coal density. For this reason, modelling applications should include
the tools that consider the density change with the quality when producing the tonnage
report.

6.

UNDERGROUND MINE DESIGN

An underground mine can be considered as the system of any kind of openings such as
face, gate roads, galleries and shafts which connects the mineralization to the surface.
An example of these openings in an underground mine is given in Figure 7.
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Figure 7. Underground mine design. wide shot view (top), close-up view (bottom).

For this purpose, these openings should be defined with appropriate coordinates, all
kinds of infrastructure elements (belt conveyor, power line, compressed air lines and
water lines etc.) should be modelled and their geometrical properties (quantities) should
be taken. In addition, ventilation network analysis can be performed, transportation
system can be planned and blasting design can be done.

7.

SURFACE MINE DESIGN

In surface mine design, horizontal and vertical route definitions can be made, the profile
of the routes can be defined, platform and slopes can be defined. Template platform
definitions should be ready, and these template platforms can be selected when
requested. The designed road can be reduced as cross-section and surface-oriented.
Figure 8 shows a typical surface mine design.
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Figure 8. A typical surface mine design.

8.

CONCLUSION

Orebody modelling and mine design basically consists of data base forming, geological
solid modelling, block modelling, mineral resource and reserve estimation, underground
or surface mine design processes. A standard geology and mine modelling software
must integrate these processes and the integrated software must have tools to meet the
requirements of mining companies such as 3D visualization, speed and reliability. In the
future, the ways in which such software will evolve will affect processes in which the
uncertainty in modelling is most prevalent. The greatest uncertainty in the modelling
process now emerges from geological interpretation. It is clear that the software will
play a further role in geological interpretation in the future.
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