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Abstract: Appropriate drill bit selection can lead to enhance remarkable drilling operation efficiency and
cost-saving. There are several factors affecting the bit selection process. Among these parameters, some
factors such as specific energy (SE), cost per foot (CPF), formation drillability (FD), and rate of penetration
(ROP) are considered the most important ones. One of the best approaches to select the optimum drill
bit is to apply Multiple Criteria Decision-Making (MCDM) techniques. In this research work, Fuzzy
Technique for Order-Preference by similarity to Ideal Solution (FTOPSIS) is used to choose the optimum
bit for drilling operations in Sarvak and Asmari formations due to higher accuracy and validity of findings
achieved from the FTOPSIS. With this respect, three types of bits (i.e. 517, 527, and 537) were considered
as available candidates and were then ranked through the FTOPSIS, resulting in the best option (bit). In
Asmari formation, similarity factors for bit types of 517, 527, and 537 bits were obtained as 0.479, 0.438,
and 0.382, respectively indicating bit type 517 can be chosen as a proper option compared to other ones.
Similarly, in Sarvak formation, results showed 0.5405, 0.5019, and 0.5622 values for 517, 527, and 537
bit types respectively, demonstrating the bit-type 537 is the most appropriate alternative in such formation.

Keywords: Bit selection, Multiple Criteria Decision-Making (MCDM), Fuzzy Technique for Order
Preference by Similarity to Ideal Solution (FTOPSIS), Asmari formation, Sarvak formation.

INTRODUCTION

It is highly crucial to evaluate all issues that affect each project’s operational time, costs, and performance.
In the petroleum industry, special attention should be paid due to its role in the country’s economy. Drilling
operation is viewed as one of the most important upstream industries in petroleum engineering in which bit
selection plays a major role in project’s cost management. There are some factors such as formation type,
bit hydraulic design, drilling fluid/mud, and proper application of mechanical parameters (e.g. bit weight
& rotation) as well as so many other aspects that need to be taken into consideration in proper bit selection
during drilling operation of oil and gas wells.
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Since several factors affect the bit selection process, it can be considered an MCDM (Multi-Criteria
Decision Making) problem. The MCDM is a combined set of techniques and methods that weights and
prioritize/order a variety of criteria and assist the user in utilizing multi contradictory objectives such as cost
minimization and performance maximization at the same time. There are lots of studies conducted recently
concerning the application of MCDM in the oil industry such as; identification of various parameters and
methods for selection of field development areas [1], a mathematical estimation for selection of artificial lift
systems [2], subsea hazop/hazard study of BOP system [3], selection of the best completion method for gas
wells [4]. Among MCDM techniques, TOPSIS (Technique for Order of Preference by Similarity to Ideal
Solution) has been used in this research due to its higher accuracy and reliability of the results. Through the
analysis, the fuzzy set theory has been applied to an ill-defined multiple criteria decision-making problem
in order to efficiently resolve the ambiguity frequently arising in available data and provide more justice to
the essential fuzziness in human preference and judgment.

The goal of this research is to apply the FTOPSIS technique for optimum selection of drill bits in Sarvak
and Asmari formations of an Iranian oilfield. No investigation has been carried out for drilling operations
in these formations using MCDM approaches and that is why such studies need to be conducted This paper
first presents the decision-making process, FTOPSIS approach, and then application of this method to
optimum drill bit selection in drilling operations for Sarvak and Asmari formations.

METHODS

There are 6 main steps in the decision-making process as problem definition, criteria identification,
developing options, selecting a decision-making model, evaluating and prioritizing/ordering options as
well as assessment of decision results. As mentioned earlier, among MCDM methods, FTOPSIS has been
utilized in the present paper. The method is explained as follows [5]:

A- Development of the decision matrix in terms of criteria and options.

B- Development of criterion weight factor matrix.

C- Descaling instead of complex calculations.

D- There are two sets defined to identify ideal & anti-ideal fuzzy solutions in which Vi* is the best value

of criterion i among all options while Vi- is the worst one.

E- Distance between ideal & anti-ideal solutions could be calculated through the following relations.

F- The similarity index could be concluded in the final step.

FINDINGS AND ARGUMENT

The method was applied in one of the southern Iranian oilfields for drilling operations in the Asmari
and Sarvak formations. There are three bits coded as 517, 527, and 537 suggested for drilling in Sarvak
and Asmari formations. The decision-maker tends to choose a bit among the abovementioned bits using 4
criteria as Specific Energy (SE), Formation Drillability (FD), Cost per Foot (CF), and Rate of Penetration
(ROP). Appraised in terms of the criteria and criteria weight factors, options performance is evaluated using
results of the questionnaires filled by drilling experienced experts. Evaluation outcomes were statistically
analyzed and resulted in decision matrix and weight factors.

A schematic of the problem options and criteria in the decision-making process is shown in the following
figure (Figure 1).

Considering calculations made by FTOPSIS steps, option ordering concerning Asmari formation is as
517> 527> 537.

In the same way, the order preference concerning Sarvak formation is as 517~ 537 > 527 which indicates
a close preference of bits 517 and 537.

CONCLUSIONS

Multiple Criteria Decision-Making (MCDM) methods result in proper and more realistic outcomes
compared to other decision-making approaches. Using fuzzy set theory, it is possible to overcome uncertainty
and vagueness from subjective perceptions and experiences through the decision-making process. With this
respect, using the Fuzzy TOPSIS (FTOPSIS) approach, the uncertainty and vagueness from subjective
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Figure 1. Hierarchy structure of bit selection problem

perceptions can be effectively incorporated in the analyses leading to a more efficient decision. Since
optimum bit selection in the petroleum drilling operation is an MCDM problem, the FTOPSIS approach
is utilized to choose the most suitable bit for drilling operation in Asmari and Sarvak formations in one
of the Iranian oilfields. Primarily, three types of drill bits, 517, 527, and 537, are considered as applicable
candidates for drilling of cited formations. Then they prioritized and ranked by effective criteria such as
Specific Energy (SE), Formation Drill-ability (FD), Cost per Foot (CF), and Rate of Penetration (ROP).
Results demonstrated that in Asmara formation, similarity index of three 517, 527, and 537 bits (alternatives)
calculated as 0.479, 0.438, and 0.382 respectively using FTOPSIS method. The bits are ranked and
prioritized as 517 (1st), 527 (2nd), and 537 (3rd), indicating the bit-type 517 can be considered as a proper
option compared with other ones. In the Sarvak formation, similarity indexes of three 517, 527 and 537
bits were found to be 0.5404, 0.5019, and 0.5622, respectively using the FTOPSIS method. The bits are
ranked and prioritized as 537 (1st), 517 (2nd), and 527 (3rd), demonstrating the bit-type 537 is the most
appropriate alternative in Sarvak formation. It is suggested that other multi-criteria methods such as fuzzy
PROMETHEE and ELECTRE can be used to handle bit selection problems in future investigations.
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