
 

 

  
Abstract—Predicting nickel ore content inside the soil under a 

given area/region is considered. This is very important for 
exploitation activity from economic point of view. So far, the 
prediction is based on the data from the drilling activity at several 
„points‟ which yield information of the nickel concentration at 
every point. Current methods applied in industries only provide 
nickel concentration in the whole region. Moreover, in drilling 
activity the effect of topographic surface does not taken into account. 
This paper discusses the prediction of total nickel content in the 
whole region by considering the topographic surface. The total 
content is approximated by integral of the nickel concentration over 
the surface. Whereas the nickel concentration under the surface is 
approximated by applying linear interpolation of the data obtained 
from drilling. The total nickel content in the whole region is more 
desirable for deciding exploitation activity from economic point of 
view. An example of the effect of surface topography which gives an 
error in prediction is also presented. 
 

Keywords—Interpolation, nickel ore, nickel deposit, prediction, 
topographic surface.  

I. INTRODUCTION 
HIS paper is motivated by the limited study on the nickel 
mining activity in Indonesia, some of them are given in 

[1,2]. Whereas recently the nickel mining industries in 
Indonesia grow very rapidly which need to be done effectively 
and efficiently, both from exploration and exploitation points 
of views. 

Many ways have been done to make exploration more 
efficient, including to obtain information of nickel reserves 
underneath the earth surface. The information may be 
collected by applying the geochemical exploration techniques 
from soil samples [3, 4, 5, 6, 7, 8, 9], or by combining soil 
samples and some data from plants in the biogeochemical 
techniques [10, 11]. These are exploration activity to know the 
indicators of the existence of nickel ore. To know the 
information of the nickel deposit, however, it needs a detail 
exploration, such as predicting the deposit from drilling data 
[12, 13].  

Basically, exploitation is just taking out (mining) mineral 
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ores, and carried out only if it is economically feasible [14]. 
Exploration such as to know the predicted nickel deposit, must 
guarantee that the exploitation is profitable. Unfortunately, the 
nickel deposit cannot be measured directly. It is calculated 
indirectly based on the existing data that are collected from 
drilling samples at several points. Recently economic 
feasibility should also consider the future prices in derivative 
trading. In this case predicting economic recession such [15] 
should be considered. The impact of mining such as chemical 
mineral to the environment is not less important. Hence a 
method presented in [16] is also important to be considered in 
studying the impact of the mining to the environment. 

 

II. PROBLEM FORMULATION 
Economic feasibility of mining industries requires the 

knowledge of nickel deposit in the areas where the mining 
process will be carried out. However, the amount of nickel in 
this area cannot be measured directly. It should be calculated 
based on the existing data from drilling at several points using 
a prediction method.  

In the drilling activity, the drilling depth is up to 30 meter. 
Mining nickel more than 30 meter below the surface is 
dangerous and not economically profitable. Sometimes, the 
drilling is less than 30 meter of depth if it reaches the fresh 
rock. Nickel and other minerals are deposited in the upper 
layers, see Figure 1 for an illustration. Those mineral cannot 
penetrate into the fresh rock layer. 
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Figure 1. Illustration of soil layers contain nickel (and other 

metals). 
 
The drilling is to provide data of nickel concentration and 

other minerals such as iron, cobalt at the drilling points. It also 
gives information about of the depth of the mineral 
concentrations below the surface. Tabel 1 is an example of 
data recorded from a drilling point, [12]. 

 
Tabel 1. An example of mineral concentration data recorded 
at a drilling point. 

 
 
In the detail exploration, sample data is collected from 

drilling at corners of rectangular shape mining area. The 
distance of two adjacent points is 25 meter. The number of 
points to drill may reach hundreds. The larger the number of 
points, the more expensive the drilling. Figure 2 shows an 
illustration of the drilling points. The nickel concentration 
under the rectangular surfaces is predicted by applying 
interpolation method from the drilling data at those points. 

 

 
Figure 2. Illustration of drilling points on rectangle-shaped 

mining area. 
 
Several current methods have been applied to predict 

nickel concentration under a given surface area based on data 
from drilling point. A prediction in three-dimensional 
representation provides nickel concentration information. 
Figure 3 shows a schematic plot of information about nickel 
concentration above 1% in a mining block in Sulawesi, 
Indonesia. It is plotted based on more than a hundred drilling 
points. The same block may give a different schematic plot for 
concentration above 2%, a minimum concentration that is 
required by industries. 

 

 
Figure 3. Prediction of nickel concentration based on data 

from drilling points. 
 
For economic feasibility studies, the knowledge of nickel 

deposit is more preferable than nickel concentration. The 
interest is the total nickel deposit. Hence, we need to introduce 
a terminology nickel concentration per unit surface area ρ , 
measured in kg.m-2. At every drilling points ρ  can be 
computed, namely the total nickel in the pipe taken from that 
drilling divided by the area of the pipe of drilling.  
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III. MATHEMATICAL FORMULATION 
Let the nickel content over unit surface area at point  

),( yx  denoted by ),( yxρ . Hence, the total nickel deposit 
in a surface area A is given by double integral 
 

∫=
A

dAyxT ),(ρ .        (1) 

 
The function ),( yxρ  is still unknown. Hence, the integral 
(1) is also unknown.  

Suppose A be union of Ai i
ni

AA
,1=

=  . Ai  is a ‘rectangle’ 

on a surface where the drillings are conducted at the corners. 
Integral (1) is equivalent to 
 

∑ ∫=
=

n

i iA
dAyxT

1
),(ρ .        (2) 

 
We now focus on every the surface area iA , without loss of 

generality we consider only 1A . Therefore, we focus on 
 

∫=
1

1 ),(
A

dAyxT ρ .        (3) 

 
Assuming that 1A  is on a flat surface, then 1A  is a 

rectangle where the edges are 25 m. Suppose the nickel 
concentration per unit surface area at the corners of 1A  be 

i1ρ  for i = 1, 2, 3, 4. Applying linear interpolation for 

),( yxρ in the rectangle 1A , integral (3) can be 
approximated by 

 

 ( )14131211
1

1 4
ρρρρ +++= AL

T .     (4) 

 

where 1AL is the area of rectangle 1A . For the flat surface  
22

1  225 2525 mmLA =×= . 

In general, the surface is not flat. It follows the topography 
of earth surface. In this general condition, formula (4) cannot 
be applied. 

 

IV. PROPOSES METHOD 

In general we have surface area 1A  with drilling points  

)0,,( 1111 yxP , ),,( 22212 zyxP , ),,( 33313 zyxP  and 

),,( 44414 zyxP  as illustrated in Figure 4. The curve lengths 

P11, P12, P13, and P14, are 25 m. The total nickel deposit under 
the surface 1A  is the total nickel inside the soil up to 30 m 
taken vertically. Hence, the integral (3) and the approximation 
(4) overestimate the nickel deposit below the surface 1A . 

 

 
Figure 4. Surface area 1A  in general is not flat. 
 

Let the projection of ),,( 22212 zyxP , ),,( 33313 zyxP  and 

),,( 44414 zyxP  on horizontal plane be )0,','(' 2212 yxP , 

)0,','(' 3313 yxP  and )0,','(' 4414 yxP , respectively. The 
length of P11 P’12, P11 P’14, P’12 P’13 and P’13 P’14 are less or 
equal to 25 m. Suppose the projection of 1A  be 1'A  with 
corners P11P’12P’13P’14, the nickel deposit below the general 
surface 1A  (not necessarily flat surface) is  
 

dxdyyxT
A
∫∫=

1'
1 ),(ρ .        (5) 

 
This can be approximated by 

 

 ( )14131211
1'

1 4
ρρρρ +++= AL

T .     (6) 

 

Example: Let )0,0,0(11P , )0,0,25(12P , )5,',25(13 yP  and 

)5,',0(14 yP form a rectangle where the edges are 25 m. 
Therefore, P11 P12 P13 P14 is not on the horizontal plane. To 
have its projection on the horizontal plane, we compute 

 

5.24525' 22 ≈−=y . 

 
The projection of  P11 P12 P13 P14 on the horizontal plane is P11 
P’12 P’13 P’14 where )0,0,25('12P , )0,5.24,25('13P  and 

)0,5.24,0('14P . Hence, 5.6121' ≈AL , but 6251 =AL . For 
this example, the relative error if one applies  
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For the case )0,0,0(11P , )0,0,25(12P , )10,',25(13 yP  and 
)10,',0(14 yP , %4.8Rel =E . 

 
For general surface area i

ni
AA

,1=
=  , the total nickel 

deposit should not be computed using (2). Rather, it must be 
computed by applying formula 
 

∑ ∫∫=
=

n

i iA
dxdyyxT

1 '
1 ),(ρ .        (7) 

 
Equation (7) can be approximated by 
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The error depends on the topography of the surface as shown 
in the example.  

V. CONCLUSION AND FURTHER RESEARCH 
Predicting nickel deposit is important for nickel mining 

industries, it will be more important than merely the 
information of nickel concentration. Nickel deposit gives 
more direct information to the economic calculation of mining 
process. It can also be obtained from similar data from drilling 
taken for predicting nickel deposit. 

In predicting nickel concentration, often the effect of 
surface topography is not taken into account. This may yield 
prediction error, especially enlarge the error. In predicting the 
nickel deposit, the effect of topography is responsible in 
overestimating the total deposit. It is because the total deposit 
is the integral of nickel concentration per unit area. If the 
integral is taken over the surface area, it overestimates the 
deposit. It should be taken over the projection of the surface 
on the horizontal plane. 

The result of predicting nickel concentration often 
presented graphically that is more interesting, especially for 
investors of industries. The same data from drilling activity 
yield information about nickel concentration at every level 
below the surface and the nickel concentration per unit surface 
area. The former information results in Figure 3 about nickel 
concentration below the whole surface area. Following the 
idea [17] to reproduce image from rather similar information, 
the graphical plot will be the future work.  
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