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Abstract
An entry into the mining profession is associated with many sectors that affect the environment, economy, 
and livelihood. Here, we have concentrated on the ore grade obtained from the extraction of the mining 
region. These ore-grade materials have limited on the mining region. Still, demand increases day by day-
also affects the ore-grade level of materials as the supply situation. So, we have reviewed computational-
based research on cut-off grade modeling techniques. We have to know the grade reserver boundary range 
defined levels of obtained grade qualities. Eventually, the conventional method has been done complex, 
and this worked very tediously. Many experts have done soft computing techniques over cut-off grade 
modeling using ordinary kriging, nearest neighbor, and inverse distance. Here, we have reviewed these 
techniques on three-parameter values like assay, collar, and grade value on the leading role for cut-
off grade modeling. Also, the estimated reserved is represented as a graphical for open-pit models like 
borehole, section model, surface model, block model, etc., and computed results. Therefore, this review 
paper has expressed an interest in cut-off grade monitoring and emphasized advanced performance-based 
soft computing techniques for the future perspective.
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market values and tremendous growth, and 
a fast increasing demand for ore productions. 
Ore deposits can be categorized into three 
types massive deposits, vein deposits, lode type 
deposits. Also, it is horizontally stratified reserves 
of sedimentary origin with a thin or thick covering 
of overburden [1]. Mine planning plays a vital role 
in total ore reserves and the average grade of the 
deposit [2]. Existing methods are ore mining, and 
cut-off grade estimation in single ore deposited 
classified through geometric or geostatistical [3]. 

Introduction
Ore is the heart of mining land-an occurrence of 

reserved quality grade categorized with a high level, 
low level, and waste. An underground material 
has dug by mining operation to extract materials 
obtained at the surface, a challenging task instead 
for ore-grade. The overall scenarios of ore finding 
have first the reconnaissance survey, which is an 
objective task for ore terrain an initialization and 
planning. Types of grade quality have demanded 
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Cut-off grade is discriminated between waste and 
ore present over open cast mines [4]. In situ of 
open-pit mines is classified through present grade 
obtained versus continued operation to end level 
be examined. It is complex decisions about the 
grade types for qualitative of cut-off grade level [5]. 
Both merit and demerit are essential roles in mining 
ore for direct or after processing of ore sale, and 
this extraction of ore is accumulated with waste. 
It is a collection of waste dumps for the treatment 
of dumps waste in the plant processing for sale [6]. 
In Chuquicamata open pit mine early 1960's, an 
optimization technique is used to evaluate cut-off 
grade level and enhance net present value (NPV). 
In Newmont gold corporation's early 1980s, the 
large scale linear programming model is significant 
the scheduling of mine and mill production for 
process costs saving [7]. Monte Raso phosphate 
mine, Brazil is designed for ultimate pit limits by 
the drill hole information and the topographic 
map [8]. According to the five-year plan of Gol 
Gohar iron mine, No.1 with the computer model 
reference of NPV data is the mines life correlated 
with grade tonnage. The change in optimum cut-
off grade and NPV like 48.65% and 18582 billion 
rails, respectively [9]. Similarly, deposit and time 
cost management is most useful in a multi-criteria 
decision model for grade ratio and setting an 
uncertain price plan production [10-12]. Also, the 
evaluation of ore mining grades for some types 
of methods is most popular, likes critical level, 
net smelter revenue (NSR), single grade cut-off 
approach, dollar value cut-off approach [13-16]. 
The ore production is a valuable strength for 
estimating cost and commodity revenue that is 
checked by the economic block value and the break-
even based. Further, a level of the cut-off grade will 
be decided, which will be profitable or not [17,18]. 
The scheduling has used mine pit development 
level by day/month/yearly based production. Also, 
the perspective of ore estimation or ongoing is very 
easily of production calculated by scheduling [19]. 
The scheduling process is obtained from best ore, 
waste ore, and the operating mines updated from 
time to time at a particular point of ore extraction 
location [20]. But, grade monitoring is a significant 
effect on most variable factors for operation in ore 
planning. Elsewhere, remote sensing technology 
development is a growing change in the mining 
industry, automation of machinery, and fast 
computation [21,22]. The machine learning 

scenario is vital in ore resources intimation, a type of 
reinforcement learning with the internet of things 
(IoT) for ore resource service of data transformation 
from field to working station [23]. Also, it is applied 
for data transfer, a more comfortable aspect of 
hotspot without arrangement sending of data [24]. 
Healthcare and safety are significant challenges for 
mines operation, but these are negotiable issues 
for a worker. It is required only skilled workers for 
the work operation [25]. The mining land is some 
factors like surface stability, rainy weather, etc. 
that is a problem attracted into time for geological 
survey [26,27].

Prospective of work
This paper has been sighted a software capability 

in reserve determination, which can be proved 
beneficial in real-time mine planning. In the soft 
computing model, the mining industry is deployed 
very quickly to evaluate various parameters such as 
grade estimation, reserve estimation, the life of the 
mine, short and long-term mine planning, etc. [28]. 
Modeling is beneficial for top management people 
that resources and analyses can easily. So, these 
steps can be taken to ensure steady production.

The geological terrain is iron ore borehole 
information that is obtained from the geological 
survey of India. The soft computing model is a very 
catchy representation of the ore deposit map and 
estimates the grade value's reserver. This estimation 
result is applied comparatively by techniques, i.e., 
inverse distance, nearest neighbor, and ordinary 
kriging. The estimation technique is more effective 
than the fulfillment of aspects of optimization of 
grade level, map design, and future planning of ore 
deposits.

Methods and Materials
The following methodology flow chart has been 

adopted to fulfill the objective criteria for modeling 
shown in Figure 1.

Geological impacts and Soft computing
The current practice of ore extraction begins 

with geological conditions and information to be 
related to such an ore area that it is ores or not. 
The raw data is collected from a field survey: 
Assay data, grade data, coordinate location, and 
map plan. The geological block modeling is used 
to determine each block's grade through different 
grade estimation techniques [29]. Mine planning 



• Page 3 of 11 •Prasad and Kumaret al. Int J Earth Sci Geophys 2021, 7:048 ISSN: 2631-5033 |

Citation: Prasad S, Kumar A (2021) Computational Cut-Off Grade Modeling: A Review. Int J Earth Sci Geophys 7:048

Opencast mine planning is conducted by first 
generating a representative model of the ore body. 
Eventually, it is divided into several blocks and sub-
blocks known as block modeling, in which slice 
plans are developed [33]. While designing the pit, 
it should be kept in mind that the stripping ratio 
should be economical to minimize losses [34].

Evaluation of Stepwise Step Stages
Implementation of borehole

The use of soft computing is derived form of 
excel file data likes assay, survey, collar, geology. It 
is extracted from borehole data as shown in Table 
1 [35]. Further, it is explored borehole or drill hole 
information using soft computing model that data 
is inputted in the software, the drill holes can be 
viewed in Figure 2.

This borehole is displayed, the geology 
patterns and the lithology distinguished by using 
collar variants. It is discriminated against by the 
mineral concentrations by up and down with 
different colors. After that, it is displayed for the 

is a multi-parameter optimization problem, where 
more than one parameter is involved in mine 
production [30]. These parameters are interrelated, 
where any change in one parameter affects all 
other related parameters [31]. Therefore, the 
incorrect information value of one parameter 
determines the following parameter is not possible. 
Mine life is decided by using all the resources 
present in the ultimate pit limit design. Ore grade 
is a concentration of grade level for interest in a 
potentially mineable ore deposit. Before the cut-
off grade is decided, the ore body's average grade 
level is calculated from the reserve estimated 
through modeling techniques [32]. Finally, an 
ultimate pit is designed so that maximum ore is 
extracted within the minimum period. Also, these 
should be done by abiding by proper legislation 
norms. The soft computing model helps the mining 
industry perform the design of pushbacks, ultimate 
pit limit analysis, and determine yearly mine plans. 
Pushback generation is part of the planning and 
scheduling process. It is evolved to surface in the 
intermediate pits leading to ultimate pit limits. 

Figure 1: Adopted flow chart of computational cut-off grade modeling a review.
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sections, and all the sections are joined together 
using a triangulated method. The determination 
of the ore body is very dependent on the user 
of the software. Also, it's decided by the amount 
of dilution and the extent of the pit [12]. The 
sectioning is generated using a row of boreholes 
digitizing that determined the ore volume and 
exempted some boreholes. Some boreholes 
are the mineral's grade, which will give profit, is 

surface condition and estimated the volume of 
ore. Also, it is composting information of ore 
reserver encountered by boreholes data. After 
that, the borehole values are deployed for cut-off 
grade estimation. A stepwise development has 
the boreholes through repeated sectioning and 
digitizing.

Further, the borehole is used for several 

Table 1: Borehole Id details [36].

Hold Id

10/5I

10\4

10M
/5

11\5

12\5
12\6
12\7
12M

/6
12M

/6M
13/6M
13M

/6
13M

/6M
14-Apr
14/6-I(75)
14/6M
14M

/2M
14M

/3
14M

/4M
14M

/5M
14M

/6
15-Apr
15/4M
15-Jul
15/7M
15M

/3M
15M

/4M
15M

/7
17-Jul

Depth (m
) 

from

2.1

0 0 1.39

0 3.17
0 18.55
2.42
0 9.7
0.77
0.47
30.63
10.11
28.23
0 59.9
65.28
2.44
0 27.27
12.98
1.33
2.34
12.18
12.94
2.53

Depth (m
) 

to 115.3

26.7

88.25

109.48

9.95
119.12
22 125.98
91.35
50.6
51 142.54
41.89
114
50.5
74.89
88.06
110
105.88
56.15
77.22
103.94
75.73
40 142.75
101.88
73.1
69.44

Figure 2: Step first positioning of X-axis, Y-axis distribution of borehole values (Using Table 1) in model and 
computed display in the monitor.
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The string file is generated from the collar data 
excel file, which consists of x- easting, y- northing, 
z- reduced level. Also, it is developed the digital 
triangulated model (DTM) by string. It is used for 
displaying the elevation and surface conditions of 
the ore area by the boreholes value [36]. Thus, it 
is a rough image of the surface to be encountered 
when mining is completed. The DTM is generated 
by contouring a piece of information for the 
elevation intervals on the surface. The surface 
model is developed from DTM by shown in Figure 
4. Now, the ore body is joined the segments and 

significantly less or absent. Thus, it is increased 
the cost of extraction, adding to the overall cost 
of mining. After sectioning a row of the borehole, 
the section is saved that the next row's sectioning 
is carried out. It is segmented by the generalization 
of the sectioning and digitizing of the boreholes. 
The use of triangulation is represented as a node in 
the shape of a triangular manner. It uses borehole 
details to triangulate a complete form to interpret 
an ore body by connecting total borehole points. 
This orebody is developed by assay data that show 
a white line in shown Figure 3.

Figure 3: Steps second development of section (i.e., using steps of borehole values to intersection connection) 
to identify grade level in the model.

Figure 4: Steps thirds represented of surface grade in model.



• Page 6 of 11 •Prasad and Kumaret al. Int J Earth Sci Geophys 2021, 7:048 ISSN: 2631-5033 |

Citation: Prasad S, Kumar A (2021) Computational Cut-Off Grade Modeling: A Review. Int J Earth Sci Geophys 7:048

care for the influence of the surrounding boreholes 
to an unknown point. Specifically, it is helped in 
the grade and reserve estimation of the orebody. 
It is embedded in vital information for decision-
making. Also, it is advised that block size should be 
around 1/3rd to 1/4th of the borehole spacing. The 
approached model has used a borehole spacing of 
100m and dimension depending on the ore body's 
layer extent. Eventually, the block size is used in 
meters as Y-30, X-30, and Z-20. The dimension of Z 
is used for the height of the bench.

Result and Discussion
Slice plan and pit design

The Slice refers to cutting the ore horizontally 
at a definite interval. String files are generated 
containing slice plans of each reduced level. Slice 
plans are developed during pit designing, where the 
slice plane of the bottom of the ore body. Slices are 
represented in different colors depending on the 
grades. The ore body's slices plan is limestone ore 

the inside of the hollow segment by triangulated. 
Triangulation is a more précised result, a closed 
segment otherwise, more error in the open 
segment. This process is compiled a generated 
model of the solid ore body using a 2-D or 3-D grid 
system.

This layer extends the ore body lies min Z 
value 978m and max Z value 1260m. The report 
is delineating the area covered and the volume of 
solid ore body shown in Table 2 and Figure 5.

Development of orebody
The orebody is approached for the development 

of solid modeling. In the above section, solid 
modeling is completed computational. But ore body 
is not covering every drill hole and depth of the 
complete stand. So, the database's implantation 
is used to the drill hole and intersected at the end 
level of ore. Thus, a new ore zone is generated only 
borehole ids marked for ore, which is crossed the 
ore body shown in Table 3. A block model is used to 

Figure 5: Steps fours represented a solid grade in model.

Table 2: Report of borehole section by a solid body.

Validated &
 Solid 

(Trisolation)

Trisolation extents

Surface area (m
2) 

2783501 

 

Volum
e (m

3) 
91274331

 
 Minimum (m) Maximum (m)

x -1509 -105
y -1772 167
z 978 1265
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bench height (10 m), bench slope angle (65°), 
overall slope angle (46.58°), and berm width (5 
m) [32]. Pit design is started from the lower Slice 

and the significant mineral iron, as shown in Figure 
6. The attributes that have followed the calculation 
for pit designing included the parameters like 

Table 3: Creation of a geological database (assay value).

Hole_id depth_from y_from x_from z_from depth_to y_to x_to z_to grade
10/5I 0 -108 -345 1245.2 2.9 -108 -345 1244.9 61.4
10/5I 1.5 -108 -345 1234.6 2.4 -108 -345 1235.2 59.2
10/5I 3 -108 -345 1243.7 4 -108 -345 1244.1 60.2
10/5I 4 -108 -345 1245.2 3 -108 -345 1244.3 63.2
10/5I 4.75 -108 -345 1242.2 6 -108 -345 1243.8 66.2
10/5I 6 -108 -345 1234.4 7 -108 -345 1234.9 65.2
10/5I 7.5 -108 -345 1241.5 8.4 -108 -345 1242.1 62.4
10/5I 9.5 -108 -345 1230.2 11.5 -108 -345 1230 61.8
10/5I 10 -108 -345 1221.2 13.5 -108 -345 1221.5 62.3
10/5I 12 -108 -345 1220.5 14.5 -108 -345 1221 62.3
10/5I 14.5 -108 -345 1237.5 15.3 -108 -345 1238 63.2
10/5I 15.7 -108 -345 1239.2 17.3 -108 -345 1238.9 62.6
10/5I 18.2 -108 -345 1211.3 19.3 -108 -345 1212 65
10/5I 20 -108 -345 1208.5 23.5 -108 -345 1209 64
10/5I 21 -108 -345 1225.3 24 -108 -345 1224.9 66.2
10/5I 24 -108 -345 1210.2 24.9 -108 -345 1211 65
10/5I 26 -108 -345 1223.4 27 -108 -345 1224.33 64.2
10/5I 28 -108 -345 1229.4 29.5 -108 -345 1228.4 64.4
10/5I 27.5 -108 -345 1227.3 28 -108 -345 1228.4 64.8
10/5I 30 -108 -345 1229.3 32 -108 -345 1228.6 63.9
10/5I 32 -108 -345 1217.9 30 -108 -345 1218.1 63.7
10/5I 34 -108 -345 1228 33 -108 -345 1227 64.8
10/5I 35.25 -108 -345 1236.2 36.1 -108 -345 1235 64
10/5I 37 -108 -345 1220.1 38 -108 -345 1221 63.7
10/5I 21.5 -108 -345 1223.6 20.4 -108 -345 1224.1 64.1

Figure 6: Slice plans of limestone and iron ores grade.
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Where the inverse distance estimate at the 
estimation location is ( )*Z u . Sample points within 
the search neighborhood are .iu  The weights 
assigned to each sample point is il . Euclidian 
distance between estimation location and sample 
points is id . The power or distance exponent value 
is p. The expression of equation (3) is a condition of 
OKM. Once the ore body's estimation has finished, 
the ore body's report has been generated, which 
shows the volume, tonnage, average grade of the 
minerals of the ore body shown in Table 4.

Statistical analysis
Cut-off grade modeling adopted that the steps 

of the above sections have occurred results. 
These are generated model outcome maps like 
the surface model, solid model, and the borehole 
and block model section. Also, it is generated a 
report of modeling information that is the aim of 
determination. A string file is a developed model 
that the block model depends on borehole data. 
It is a finalized designed compositing of the block 
model.

Similarly, the using variogram model is the second 
kind of cut-off grade modeling that the block model 
is represented statistical information of a grade 
shown in Figure 8 [35]. The use of the composite 
file is the estimation of grade in the variogram 
model. So, it is required to create new attribute 
fields and storing the grade value in that field. This 
estimation method is known as the Similarly; the 
using variogram model is the second kind of cut-
off grade modeling that the block model represents 
statistical information of a grade shown in Figure 8 
[35]. The use of the composite file is the estimation 
of grade in the variogram model. So, it is required 

and continuing upwards. Digitizing is done along 
with the slices for each Slice, and then another 
slice imported. Also, the generated map is shown 
in Figure 7. In the pit formation, the volume of the 
ore inside is calculated by the ore body.

Cut-off grade analysis
The optimum cut-off grade method uses some 

conditions to eliminate the optimum point of 
unimodal functions, suggested the uncertainty 
space, chooses the test point in uncertainty space, 
and evaluates and compares with the cut-off grade. 
This process is continually repeated until it reduces 
the uncertainty spaces and within uncertainty 
interval (a small specified positive value e). It is used 
to determine the cut-off grade [37]. Ordinary Kriging 
methods (OKM) deal with an unobserved location 
of variables 'Z' based on the weighted average of 
adjacent observed sites within a given area [38]. 
An inverse distance method (IDM) is deterministic, 
like multivariate interpolation with a known grade 
value. The assigned values to unknown points are 
calculated with a weighted average of the known 
points' values. This equation (1) and equation (2) 
are the mathematical expressions of IDM ([39]).

( ) ( )*
  1

  n
ii i

Z u Z ul
=
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  1
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=
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=
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           (2)

Figure 7: Angular section by string file a pit design.

Table 4: Grade estimated.

Methods Volume (m3) Tonnage (te) Grade (%)
IDM 90258001 474757102 65.4
OKM do do 65.1
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both the total value and selection value, which is 
61.8, as shown in Figure 11 [35].

Conclusion
We have suggested mining for cut-off grade 

modeling using a soft computation model with a very 
fast estimation and stochastic framework model 
obtained as near realistic results. The parameters 
are used physical, geological information like 
assay value, grade values, coordinates, and map 
plan. The use of steps for grade level is open cast 
mine planning and design of the open pits that it 
is essential for simply a grade used to distinguish 

to create new attribute fields and storing the grade 
value in that field. This method of estimation is 
known as the ordinary kriging method. Thus, the 
block model is estimated different constraints as 
per our choice can be viewed and inputted, and the 
output image in Figure 9 [35].

The ore body is simulated to mine blocks 
graphically. The target volume and the target 
tonnage are pre-set by the user for mining blocks 
graphically. A selection of the volume of 6499.9 
sets up the experimental and tonnage of 34189.9 
histograms represented a cumulative as shown 
Figure 10. The grade attributes histogram describes 

Figure 8: Statistical analysis ore grade: Several samples versus the class.

Figure 9: Variogram: Ore grade analysis.
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