
896 Saboor Ahmad Torabi, Dr. B. S. Choudhary

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 12
December 2017

Conventional and Computer Aided Ore Reserve Estimation

Saboor Ahmad Torabi
IIT(ISM),Dhanbad

Dr. B. S. Choudhary
Assistant Professor, IIT (ISM), Dhanbad

ABSTRACT
Ore resource estimation is the primarily step for determining whether a mineralization terrain is worthy of mining, or it
is just a concentration of certain mineral but not to a satisfactory level. Different techniques have been introduced and
implemented for the purpose so far. Conventional methods were predominantly used in the past when there were not
sophisticated computer and affiliated software. However, by introducing computer and developing software, these
estimations became ordinary and more simplified comparatively. In this paper both different methods i.e. conventional
and computerised ore reserve estimation are discussed. A chronology of the computerised estimation technique right
from creation of geological database to developing  the 3D model of the orebody model, its analyses, and creation of
block mode is illustrated with the help of SURPAC software. The result i.e. the average grade, total volume, and total
tonnage of the entire proposed data are calculated and reported by the SURPAC software.
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INTRODUCTION
Ore reserve estimation and grade determination is a significant phase in exploring and subsequent mining of a
natural resource. Mineral reserve estimation has attained its crucial importance owing to large investments in
mining industries either due to mechanization or extreme need of the world for feedstock. During prospecting
and exploration stages, an appreciable information pertain to mineralization zone is gathered; later on, these
data collectively with geological information are used for estimation of quantity, average grade, shape and
size of the ore body. The accuracy of information gathered may vary due to techniques implemented, and of
course purpose of exploration. The more accuracy in exploration data, the more precision during estimation of
mineral reserve. With the increase in the level of geological knowledge and confidence in exploration data
gathered, a mineral resource can be reported as potentially mineable mineralization.

LITERATURE REVIEW
Reserve Estimation Techniques: The samples on which all ore reserve estimates are based are indeed a
minute portion of the total deposit being under investigation to propose for mining. These samples are
normally collected through various practices such ad diamond core drilling, reverse circulation drilling, etc. In
essence, reserve estimation requires that the volume should be calculated and thereafter a value should be
assign to the grade of the volume. Variety of mathematical approaches have been developed for determination
of the value to be assigned to the defined volume.

CONVENTIONAL ESTIMATION TECHNIQUES
Mineral resources were evaluated and estimated long before the advent of the computer and geostatistical
approaches. In the conventional form, the areas were measured, volume and tonnage were calculated, and the
average grade were determined using paper, pencil, slide rules and calculators.
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Popoff (1966) describes the principles and conventional methods forcomputing reserves of mineral deposits
as employing three main principles: (1) the rule of gradual changes, (2) the rule of nearest points or equal
influence, and (3) the rule of generalization.

The rule of gradual change or law of linear functions implies that all sample elements of a mineral body
change gradually and continuously as a linear function along a straight line connecting two adjacent sample
points. The rule can be applied to other parameters of a mineral body besides grade and weight factors,
i.e., areas, volumes, and tonnages.  The principle of gradual changes  is  employed  in  the conventional
triangles method for calculating mineral inventories. The rule of nearest points or equal sphere of influence
implies that the value of any point between two samples is constant and equal to the value of the nearest
sample. The rule assumes that the value of a sample extends halfway to any adjacent sample. The rule of
generalization may also be stated as the empirical method which indeed is not really a rule and is usually
arbitrarily applied as a matter of judgment reflecting past experience and opinions. Adapting a definite
weighting factor for reserve computations for application to one mineral deposit based upon determinations
from another similar deposit is probably the most common example. In some cases, the use of the rule of
generalization is justifiable and necessary.

In the conventional estimation techniques, the ore reserve can be estimated using the three different methods
namely: polygonal, rectangular, and/or cross sectional.

Polygonal estimation method
Polygonal estimation method is most commonly used for tabular deposits that have been drilled by a series of
vertical drill holes, and vein-like deposits that have been drilled by angle holes for collecting sample data. This
method utilizes the principle of “rule of nearest points”. In the polygonal method, the polygonal method are
constructed by drawingperpendicular bisectors to lines connecting all sample points. The volume and grade
calculations in this method is straight forward. The volume and the tonnage are then calculated as bellow:

Volume (V) = Area (A) × Height (H)

Tonnage = Volume (V) × Tonnage Factor (TF)

Figure1: Illustrates the formation of the polygons

Triangular Estimation method
In the triangular method, all sample points are joined to form a group of triangles in such a way that each hole is
situated at the corner of the triangle. For estimation purpose, if the triangles are of constant thickness, firstly the
area is measured by a planimeter or by calculation from base and height measurement [(b×h) ÷2]. However, for
triangles of variable thickness, the average thickness is firstly measured and thereafter the area is calculated. The
volume is calculated by multiplying the area into thickness.

Figure2: Triangular generation
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Volume (V) = Area (A) × Height (H)

The tonnage of the deposit is then calculated by overall volume of all triangles times the tonnage factor (TF).

Tonnage = Volume (V) × Tonnage Factor (TF)

Cross section Estimation Methods
Cross section method is another type of conventional estimation techniques in which normally a series of cross
sections are constructed to the main trend of the mineralization. A special caution should be paid to the geologic
and mining constraints which limit the estimation. Discrete area may be defined not only by similar grade in
adjacent drill holes, but also by the rock type, structural blocks, ore type, and other parameters considered to
have economic and genetic significance. The procedure for measuring the area and subsequent volume of the
proposed mineral resource is explained by “CHAS. F. JACKSON and JOHN B. KNAEBEL” as follows.
In this method, cross sections of the ore body are prepared on which are plotted the intersections or
projections of mine workings and drill holes. The cross sections may be vertical, horizontal, or at right angles
to the dip, usually parallel to each other, and often are spaced equal distances apart. Frequently they are taken
on lines of drill holes where exploration has been done by drilling from the surface. Estimates are commonly
made from sections normal to the strike of the ore body. In preparing such sections it may also be necessary to
make longitudinal sections, working one set against the other in interpreting the structure. If the sections are
quite similar in outline the average area, in square meter, multiplied by the distance between them, in meter,
will give the volume, in cubic meter, closely enough for practical purposes:

V = H [ (A1+A2) ÷2]

where A1 and A2 are the end areas of the block,

H is the perpendicular distance between them, and

V is the volume of block.

If there is a series of sections spaced equidistantly, this formula becomes

V = ½ H (A 1+2A2+2A3+-- An),

the common "end-area" formula. Due to the usual irregularity of ore bodies this may neverbe actually the case
but is often a close enough "approximation for all practical purposes. The tonnage of the deposit is thereafter
calculated by the volume times the overall specific gravity.

COMPUTER AIDED ORE RESERVE ESTIMATION
With the advances in technology and invention of computer, software developers used their soft skill to
correlate the basics of estimation procedure with some mathematical functions and equations to develop some
excellent software for estimating ore reserves with higher speed and better accuracy. These software however
too utilize the three basic principles of conventional methods introduced by Popoff (1966). On the other hand,
geostatistical tools later became a handy source in estimating an ore reserve using computer. The three usually
used techniques in computer aided ore reserve estimation are: nearest neighbor, inverse distance and kriging.

A set of exploratory data from an iron ore deposit in India is used to illustrate computerized ore reserve
estimation right from creation of geological database to application of geostatistical analyses and ultimately
estimation of the reserve by Inverse Distance method.

Creation of Geological Database: A geological database consists of a number of tables, each of which
contains different types of data.Each table contains a number of fields. Each table also has many records, with
each recordcontaining the data fields. Surpac uses a relational database model and supports several types of
databases, including Oracle,Paradox, and Microsoft Access. Surpac also supports Open Database
Connectivity (ODBC) and canconnect to databases across networks. A database can contain up to 50 tables
and each table canhave a maximum of 60 fields.Surpac requires two mandatory tables within a database:
collar and survey. Beside the two mandatory tables, two optional table namely: assay and geology may be
required. The data available in these table are either saved in “Microsoft Access” file or in the Comma
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Separated Value (CSV) files of Microsoft Excel. In addition to these tables, surpac also uses the translation
and the styles table by default.

Entering the above mentioned individual data which were prepared in the Comma Separated Value (CSV)
files of Microsoft Excel to the surpac software, a geological database was created which contains 71 drill
holes as shown below.

Figure3: Drill holes displayed from the geological database

Using the assay values available some constrained added to the drill holes. That is, the bore hole data have the
assay value in the range of 3.2 – 55 % is displayed in yellow colour and considered as waste, and the drill
holes having the assay value in the range of 55 – 68.2 % are displayed as red colour and considered as ore.

Table1. Database Tables Summary
Table name Data type Table type Records

assay interval time independent 2126

collar 71

geology interval time independent 2126

survey 71

Sectioning and Digitising Ore Zones
Sectioning is the process of creating a mirror image of the drill holes when cut through by a plane, and
digiting is the act of outlining the ore terrain or mineralization. These processes are carried out to create a
string file out of the mineralization which then used to develop a 3D model of the ore body.

The string file created is consist of 17 segments as shown in figure below.

Figure 4: showing the segments which sectioned and digitized from the mineralization terrain.
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Orebody Modelling
A 3D model of the ore body is the best resource for visualising the characteristics of the deposit. The ore body
was developed by triangulating the segments of the mineralization zone which were sectioned and digitised
from the bore holes.The segments which are to be used for the developing the 3D model of the orebody
should be firstly cleaned. The cleaning process should be fulfilled on the string of the segments. Out of all
tests, 3 test ( i.e. cross-overs, duplicated points and spikes) could fulfil the requirements. After the completing
of the tests, the segments are joined together as per the requirements and behaviour of the segments. Then, the
new formed 3D model is validated, if the validation was successful the volume and the area of the orebody
can then be obtained by producing the “report volume of solids”.

Figure 5: orebody view
Volume, area and coordinates of the developed orebody is reported as below:
SOLID MODELLING OBJECT REPORT
Layer Name: fe_ore_model.str
Validated = true
Status = solid
Trisolation Extents
X Minimum: -231.863 X Maximum: 453.376
Y Minimum: -803.213 Y Maximum: 403.818
Z Minimum: 648.386 Z Maximum: 894.449
Surface area: 1546023
Volume : 30933946

Applying basics statistics and Geostatistical analysis
Histogram analysis

Figure 6: different frequencies vs number of samples
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A histogram comprised of 10 histogram bins is produced for the analysis of the grade frequencies.

In the above figure, the blue curve indicates the cumulative frequency of the grade changes with respect to the
number of samples, the green curve on the other hand represent the normal distribution curve.

A report containing some statistical parameters is produced by the software as below.

Statistics Report

Mean 62.307722

Median 63.614150

Geometric Mean 62.059114

Variance 19.847303

Standard Deviation 4.455031

Coefficient of variation 0.071500

Variogram analysis: The variogram analysis is usually applied to measure the continuity of the data or grade
with respect to distance between the sample points.The different components of the variogram are achieved
by the software are as follows

Nugget = 0.04058

Sill = 0.6495

Range = 7.500

The figure below explains the different components and different curves produced by the variogram.

Figure 7: Variogram showing different components
Creation of Block Model and assigning values
A block model is normally developed for better grade determination as the entire deposit is divided into small
blocks of similar sizes. By adopting the estimation techniques (inverse distance) values will be calculated for
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each block.In addition, the overall volume and tonnage of the entire deposit is calculated by the software. As a
common practice adding attributes and constraints to the block model leads to simplicity of the calculation
practice.The entire ore zone is divided into a series of block having dimension( x= 20, y = 20, z =12) and
summery of the block model which was reported by the software is

Block Model Summary

Type Y X Z

Minimum Coordinates 800 -200 655.17

Maximum Coordinates 400 400 883.17

User Block Size 20 20 12

Min. Block Size 20 20 12

Total Blocks 13907

Figure 8A: block model under constraint (Fe>60%) figure 8B: block model under constraint (ore body)

CONCLUSION
In this paper, various methods for estimation of the mineral resources were discussed. Using the SURPAC
software the given drill hole data were utilized to create a geological data base having 71 drill hole record. The
geological database was then adopted for developing the 3D model of the orebody. Then the volume, and area of
the ore model was calculated and analysed. Ultimately, a block model of the orebody was created. Values were
assigned to the blocks and correspondingly the average grade, volume, and tonnage of the entire blocks having
grade greater than 60 % were calculated and reported by the software as follows.

Volume    Tonnes     Average Fe %

26688000  93408000       63.48
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