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Abstract

The placement of infill drill holes and providing an optimal pattern for drilling drill holes has long been
of interest in the mining process and has become an inseparable part of it. The root of this importance can be
found in the financial issues related to the mining process, the exploration and extraction sector, and issues
related to classification. The estimation error method was used in this research to classify the blocks to reach
an acceptable level of uncertainty. CRITIC and TOPSIS methods were also used to place supplementary drill
holes and weight potential drill holes. The CRITIC method was used to assign weight, and the TOPSIS
method was used to select 5 of the best drill holes. At first, the drill holes were weighted using the CRITIC
method and with expert opinion, and then they were graded using the TOPSIS method. The criteria used for
the TOPSIS method include the iron grade, weight percent grade of remaining iron (metallurgical
component), variance, error of estimation, and classification. Finally, after placing the 5 wells in question,
the estimation and classification process was carried out again; based on the number of definitively classified
blocks, it was increased from 380 to 571, and the estimated average grade of iron also increased, and 19%
improvement in the classification was obtained. The improvement achieved in the number of blocks with
definite classification adds to the certainty and reliability of the model.
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1- Introduction

Infill drilling methods have been used in exploration projects since the late 1980s. Given the
high financial burden of drilling and its significant impact on exploration costs, new infill drilling
methods have been increasingly embraced. The presence of multiple points for infill drilling and
constraints on the number of drill holes has turned infill drilling into an optimization problem.
Implementing a drilling pattern for infill holes is a challenging and complex process due to various
influential parameters, including geological issues and execution considerations. The most suitable
pattern for infill drilling will be a design that selects a subset of variables that ultimately lead to
maximizing the efficiency and minimizing the costs of the mining project. This article aims first to
determine the optimal locations for infill drill holes, considering factors such as geological
considerations and execution constraints. Implementing an infill drilling pattern is a complex
process that involves selecting variables that maximize project efficiency and minimize costs. Silva
conducted one of the most comprehensive studies presented in this field. The advantages of this
method include considering extraction parameters, enhancing ore classification in the objective
function, and maintaining continuity, making it one of the most practical approaches. Recent
research has also yielded achievements, such as considering a proposed three-dimensional anomaly
and incorporating azimuth and dip of the anomaly by Mersidi and Mamarian in 2016. Additionally,
the use of intelligent methods and machine learning by Dimitrakopoulos in 2017 is highlighted.

2- Methods

To prospect complementary anomalies, the desired region has been estimated using existing
primary anomalies employing the kriging method. Subsequently, the iron element grade, the weight
percentage of remaining iron (as a geometallurgical variable), and the variance correspondlng to
each block are calculated. The variables of grade and weight percentage of remaining iron are
considered positive criteria, while the variance and estimation error variables are taken as negative
criteria. The estimation error, serving as a determinant for classification, has been utilized to
categorize blocks into probable and specific categories. In addition to the high grade and weight
percentage of remaining iron, the classification variable has been considered adequate as a positive
criterion in prospecting. The area is segmented into regular grids of 100x100 to prevent clustering
of anomalies in proximity, and corresponding anomalies are identified for each defined area. After
prospecting and determining the necessary criteria for anomaly prospecting, weights are assigned to
each criterion using the analytic hierarchy process (AHP) method. Furthermore, the topsis method
is employed to select the best solution from the available set of answers. The AHP method, in
combination with multi-criteria decision-making methods, is highly compatible. As evident in a
multi-criteria decision-making method like topsis, several criteria are utilized to select the best
option. The weighting of criteria always poses a challenge for researchers. The AHP method, using
the same decision matrix and without requiring new data, derives the weights of criteria.

3- Findings and Argument

Before commencing the prospecting process, an initial estimation is carried out, and the
necessary parameters for weighting are extracted. The top 5 anomalies were selected from the
available options after the weighting and ranking. Subsequently, considering the new anomalies in
the database, a re-estimation operation is performed. The outcomes related to ranking, estimation,
and the level of improvement are presented in tables and images below.

4- Conclusions

Based on the results obtained in this article, it can be stated that several influential and decision-
making variables in prospecting infill drill holes can be simultaneously assessed by employing
novel techniques of multi-variable weighting and ranking, such as TOPSIS and AHP. These
methods can achieve significantly more accurate and optimal results than traditional prospecting
infill drill hole methods. The approach introduced in this article prevents the additional costs
associated with infill drill holes by pinpointing the best locations for drill holes prospecting,
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resulting in substantial cost savings. Moreover, this method enables the consideration of diverse
informational layers for drill hole prospecting, as each layer of information can play an influential
role in the suggested locations for drill holes. Therefore, various and adaptable strategies can be
employed depending on the specific drill hole prospecting needs. To enhance the proposed
methodology, advanced weighting and ranking methods and incorporating additional informational
layers can be utilized for further improvements."

Table 5 - Dimensionless matrix related to the indices

Drill Criteria
hole | classification* | grade* | variance” | Mwt* | Estimation error-
1 1 0.67 0.11 0.42 0.1
2 0 0.32 0.78 0.65 0.6
3 1 0.15 0.09 0.38 0.19
4 1 0.75 0.16 0.26 0.11
5 0 0.31 0.68 0.73 0.49
49 1 0.49 0.17 0.57 0.08
weight 0.8751 0.7846 | 0.4145 | 0.6433 0.5812

i

Figure7. The position of proposed drill holes in relation to the primary drill holes

Table 8. Statistics and information related to enhancement and improvement in the results.

Without infill drill holes With 5 infill drill holes
Number of Number of Number of Number of
indicated blocks | measured blocks | indicated blocks | measured blocks
645 380 454 571
Percentage of measured. Percentage of measured.

37 56
The improvement achieved by adding infill drill holes %
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