
269

Pedro Henrique Alves Campos et al.

REM, Int. Eng. J., Ouro Preto, 71(2), 269-274, apr. jun. | 2018

Abstract

Historically, since the 60's, traditional mine planning consists of several dis-
tinct stages:

1) Definition of the ultimate pit - the portion of the blocks that results in the 
greatest total value;

2) Pushback selection - based on the generation of nested pits, obtained with the 
change in the value of the ore price;

3) Long-term production scheduling.
Although considered quite satisfactory, this methodology presents some flaws: 

The stages, even if considered individually optimal, may not be when put together. The 
opportunity cost is not considered and the cut-off is fixed.

Due to the recent computational advances, a new technique has been growing 
and is more reliable: the direct block sequencing. In this methodology, the steps are 
consolidated into only one process, improving the economic results, reducing the total 
execution time and obtaining, in fact, an optimal planning.

The aim of this work is to compare the results of the two planning methods ap-
plied in a database of a Brazilian iron ore mine and to show the real advantages and 
disadvantages of each one. To solve the direct block sequencing technique, Doppler 
was used, a tool developed by Delphos Mine Planning Laboratory, located at the Uni-
versity of Chile. The traditional methodology was executed through Whittle software. 
Lastly, a medium-term scheduling was performed using Deswik software.
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1. Introduction

Open pit mine planning is the 
process of defining and scheduling mine 
production with the objective of obtaining 
a maximum possible Net Present Value 
(NPV) for the project, subject to capacity 
and operational constraints. For this, mine 
planners represent the geology data by a 
set of regular three-dimensional blocks, 
also known as economic block model, 
and must decide what and when to extract 

each block, as well as decide its destina-
tion. (Morales et al., 2015)

There have been two main broad 
methodologies for optimizing this prob-
lem, and these methods have been broadly 
classified as “block level resolution” and 
“aggregation” approaches. The “aggrega-
tion” approach splits the global problem 
into several smaller sub-problems, which 
include, for example, the optimization of 

the ultimate pit, intermediate pushback 
selection and scheduling, and is known 
as the conventional planning. (Elkington 
and Durham, 2011).

The final ultimate pit is the volume 
of material economically viable to be 
extracted and which returns the largest 
possible profit. An optimum pit contour 
can be determined by setting economic 
values on the blocks and slope angles. An 



270

Comparison between the application of the conventional mine planning and of the direct block scheduling on an open pit mine project

REM, Int. Eng. J., Ouro Preto, 71(2), 269-274, apr. jun. | 2018

increase in the values of the blocks results 
in wider pits, while an increase in the slope 
angles enables deeper pits.

The second step is the creation of 
pushbacks. Hustrulid and Kuchta (2006) 
state that pushbacks are also known as 
sequences, expansions or phases and are 
an attempt to relate mining geometry to 
the ore distribution geometry. To aid in the 
pit limit definition, Lerchs and Grossmann 
proposed a technique for generation of 
nested-pits. This technique uses revenue 
factors that penalize the economic value 
of the blocks, thus resulting in several 
nested-pits of different sizes. The smaller 
the pit, the higher is the economic value, 
and, therefore, should be extracted first to 

maximize the NPV.
Finally, long-term production sched-

uling can be understood as the sequence 
in which the blocks contained in the op-
timal final pit must be removed in order 
to maximize profit.

The “block level resolution” opti-
mization approach, on the other hand, 
is a mathematical formulation proposed 
by Johnson in 1968 and is now known 
as Direct Block Sequencing (DBS). DBS 
is a production scheduling technique that 
consists of solving mathematical equations 
by means of mixed integer programming 
(MIP), whose objective is to maximize 
the NPV, subject to particular constraints 
during the production period.

These mathematical equations are 
related to the block model and their 
solutions consist of answering, at the 
same time, what and when the blocks 
should be extracted and which destina-
tion they should have. This procedure 
is not incremental, that is, all decisions 
are taken observing their implication in 
other periods. Thus, this method em-
phasizes the temporality of the problem 
and the opportunity cost, as opposed to 
the traditional methodology by nested 
pits. As a result, DBS is able to deliver 
better results than traditional methodol-
ogy. Figure 1 shows one case where the 
DBS NPV is higher than the traditional 
'Best Case'.

Figure 1
Difference between DBS 
and ‘Best Case’ sequencing results.

However, according to Morales 
et al., (2015), although this approach is 
theoretically better, it presents compu-
tational complexity involved in solving 
very large mathematical problems. Many 

papers involving this technique, its ap-
plication and its variants have already 
been published (for more detail, see 
Chicoisne et al.,2012; Cullenbine et.al., 
2011; Jélvez et al., 2016; Guimarães and 

Marinho, 2016).
Although already tested in small, 

simplified or fictitious problems, it is also 
important to check the feasibility of applying 
this technique to large real problems.

2. Materials and methods

The development of this work 
consists of applying, with the same 
block model and under the same pa-
rameters, both the direct block sequenc-
ing methodology and the traditional 
methodology for the resolution of the 
open pit mine production plan. Being a 

consolidated software in the industry, 
Whittle was chosen to be used as a 
representative of traditional planning. 
Using the DBS technique, the program 
Doppler, developed by Delphos Lab at 
the University of Chile, was used. In 
the sequence, the projects were opera-

tionalized and the annual planning for 
the first five years was carried out, both 
stages performed by Deswik mining 
design software. All the programs used 
are available in the laboratories where 
this study was done. Figure 2 exempli-
fies the work methodology.

Figure 2
Methodology developed.
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The block model used corresponds 
to an operating iron ore mine, located 
in Brazil. It consists of 38,172 regular 
blocks of dimensions 50 x 50 x 20m. 

For each block, in addition to the co-
ordinates, there are relevant attributes 
such as tonnage, iron grade and grade 
of contaminants, possible destinations 

and their corresponding economic 
values. The technical and economic 
parameters applied can be seen in  
Table 1.

Parameter Value Unit

Iron Ore Price 70 US$/ton

Iron Recovery 0.9 -

Selling Cost 18 US$/ton

Processing Cost 9.45 US$/ton

Mining Cost 4.5 US$/ton

Discount Rate 0.1 -

Mining Capacity 55 MTPY

Processing Capacity 36,5 MTPY

Slope Angle

Bearing Slope

0 – 120° 45°

120-240° 35°

240-360° 30°
Table 1

Technical and economic parameters.

Subsequent to the long-term plan-
ning, the operationalization of the projects 
and the medium-term scheduling were 
proceeded. The operationalization con-

sisted in designing the feet and crests of 
the banks, the access ramps, safety berm, 
etc. (Table 2) that allow the efficient and 
safe development of mining operations. 

Some attempts were performed, so that the 
ones that presented the greatest adhesion 
with the mathematical ultimate pits were 
selected to proceed.

Table 2
Operationalization parameters.

Bench

Face Angle

Bearing Slope

0 – 120° 60°

120-240° 45°

240-360° 40°

Height(m) 20

Berm(m) 10

Ramp

Width(m) 30

Grade(%) 10

Radius of curvature(m) 20

Then, five-year periods were de-
fined, and only the first 5-year pit was 
operationalized and sequenced in order 
to verify the operational feasibility of 
the medium-term annual planning. (As 
pointed out in the discussion section, 
DBS tends to pick up blocks in several 
different regions, which can be harm-

ful to a good medium-term planning). 
This scheduling was done with great 
concern in respect to the operational 
parameters of mining: access to banks 
closer to the ramp and higher bench 
levels were considered when defining 
the mining priorities. Other restrictions 
considered were: maximum number of 

excavation resources, their mining and 
utilization rate and maximum number 
of mining fronts, as seen in Table 3. For 
the creation of dependencies, face angle 
constraints were used and the final ob-
jective was to maintain the mining rate 
at 55 MTPY, with 36.5 MTPY being 
sent to the processing plant.

Parameters Value

Number of excavators 4

Excavator mining rate (ton/hour) 1570

Utilization 100%

Maximum mining fronts 4Table 3
Parameters for medium-term scheduling.
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3. Results

As a result of Whittle's strategic 
planning, a 43-year production plan 

was obtained with 1.56 billion tons of 
ore mined, 86 million of waste, and 

NPV of $ 2.88 billion (Figure 3).

Figure 3
Production Plan developed with Whittle.

The operationalization of the final 
pit had a 95.4% adhesion with the op-
timal mathematical pit. In relation to 
the first five years, the operationaliza-

tion had adherence of 100.7% and the 
annual scheduling presented a NPV of 
1.01 billion dollars.

Direct block sequencing yield-

ed a 50-year production plan, 1.70 
billion tons of ore and 220 million 
tons of waste, with a NPV of 3.70  
billion dollars.

Figure 4
Production Plan with Doppler.

The operationalization of the pit 
had a 97.7% adherence with the optimal 

mathematical pit. In relation to the first 5 
years, the operationalization had adher-

ence of 83.7% and the annual scheduling 
presented a NPV of 1.48 billion dollars.

4. Discussion

The production plan generated with 
Whittle was developed according to what 
is done by the mineral industry, that is, 
accomplished through the analysis and 
experience of the planner, where a fea-
sible production plan with satisfactory 
economic results was sought. In this case, 
after generating the nested pits based on 
revenue factors, the planner opted for 
a specific set of pushbacks and for the 
use of the Milawa Balanced algorithm 
implemented in the software, which al-
ways seeks to optimize the use of mining 
resources. Its operationalization, both of 
the final pit and for the 5 initial periods, 
was very satisfactory, with differences due 

to the inclusion of access ramps and other 
operational requirements. Finally, the 
tactical scheduling was performed with-
out many problems, obtaining the result 
already mentioned. This process follows 
the standard procedures performed by the 
mineral industry today.

On the other hand, the technique of 
direct sequencing of blocks was also used 
to perform mine planning. The production 
plan generated by Doppler is based on 
mixed integer programming and provides 
the best possible result, respecting the 
constraints imposed. This means that this 
process is completely independent of the 
planner's experience and it is not necessary 

to find a production plan through trial and 
error. The result is a greater life-of-mine, 
higher amounts of ore and waste mined 
and a higher NPV than the other one. Al-
though there are constraints of maximum 
slope angle and annual mine and process-
ing capacities, there are still no operational 
constraints implemented in the software 
such as maximum horizontal and vertical 
rate of advance, minimum working width 
and pit bottom. As a consequence, the 
result is the scheduling of blocks widely 
dispersed from one another (Figure 5). 
If on the one hand this dispersion is eco-
nomically beneficial, on the other hand it 
is operationally damaging.
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Figure 5
Blocks to be extracted 

in each period according to DBS.

Subsequently, the operationalization 
of the final pit and of the 5 initial periods 
was performed. Although a satisfactory 
operation for the final pit was obtained, 

the 5-year-period pit did not show ad-
equate adherence. This was due to the 
fact that blocks to be extracted in this 
period range are distant from each other, 

making this operation difficult. In Figure 
6, one can see the difference in the 5-year 
operationalization after traditional long-
term planning (left) and DBS (right).

Figure 6
Difference in the 5-year 

operationalization. Traditional 
long-term planning (left) and DBS (right).

In order to overcome this prob-
lem of the dispersed blocks, the tacti-
cal sequencing was developed, which 
has more operational parameters to 

be obeyed. The operationalized mass 
resulted in a 7-year sequencing. How-
ever, to provide a comparative basis, 
sequencing was restricted only for the 

first 5 years, resulting in a higher NPV 
than the first. It is noted, however, that 
this is not an adequate practice.

5. Conclusions

The direct block sequencing method-
ology is capable of providing optimized re-
sults and therefore, is economically better 
than the results provided by the traditional 
methodology. The reason for this is that its 
methodology is based on the resolution of 
representative mathematical equations of 
the mining planning problem, whose reflex 
is to obtain results in a single step, without 
the need for fragmentation into sub prob-
lems and, consequently, dependence on the 
planner's experience in obtaining good re-
sults. However, one of the main challenges 
for the DBS technique is to maintain the 
resulted sequencing within the minimum 
operational constraints. For its results to 
be realistic, mathematical formulations 
must be adequate, including all types of 
constraints within a mining operation, and 
still have to be solved computationally in 
a timely manner.

Another issue presented was the 

difficulty of operationalizing the result 
of the first five years of Doppler, which 
presented questionable adherence despite 
several attempts. The reason for this is the 
absence of operational constraints, such 
as maximum horizontal and vertical rate 
of advance, minimum width of working 
bench and minimum depth of pit bottom, 
which are complex to be modeled and 
implemented in equations. It is believed, 
however, that soon this issue will be ad-
equately addressed, given that the develop-
ment of this technology is recent and that 
advances are being made exponentially.

Finally, a tactical sequencing of the 
first five years was carried out, in order 
to develop a truly operational medium-
term planning. While the sequencing of 
Whittle's strategic result was natural, 
Doppler presented an obstacle: the mass 
to be sequenced over a period of 5 years 
was a little longer, resulting in a period 

of 7 years, a fact resulting from the bad 
operationalization mentioned before. The 
solution was then to exclude the result of 
the last 2 years so that it was possible to 
compare the results of the first 5 years 
between the two techniques. Once this 
was done, it was observed that the results 
obtained from the sequencing of DBS 
planning presented better economic re-
sults, and this time, operationally feasible.

In short, the technique of direct 
block sequencing still encounters ob-
stacles, but presents a great potential that 
has been used by researchers in the area. 
Many advances and discoveries are occur-
ring gradually, and soon it will be ready to 
play the leading role in the development 
of mining projects by the industry. While 
this does not occur, any attempt to take 
advantage of this technique is valid. In this 
work, some adjustments had to be made, 
but in the end the result was satisfactory.
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