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Abstract: The purpose of the present study was to explore the effect of
drill bit selection parameters on enhanced oil and gas recovery fin
Iranian oil and gas fields. In this study, many methods and parameters
were discussed. These parameters are practically tested on many wells
in southwestern field of Iran. Out of common drill bit selection
methods, length unit drilling cost is the most popular one owing to the
direct investigation of economic parameters related to the performance
of the drill bit. However, previous studies conducted in one of the
southern gas fields of Iran showed that this method’s results do not
yield the optimal drill selection and geology since it fails to evaluate
drill bits used in various drilling conditions. To address this problem,
some methods have been introduced as complementary of this method
which allow comparing various drill bits. In the present work, it was
illustrated that using geo-mechanical factors are ideal complements for
the method of length unit drilling cost in Iran.
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wall and its friction on the rotational behavior of the drill
stem (Jansen, 1990; Jasen and Van Den Steen, 1993). He
modeled mass and damping of fluid obtained from the
experiments. In this study, he did not consider the effect
of drilling mud on the vibrations of the drill stem. In his
analysis, he investigated forward and backward
movement of the drill stem and found the effect of

Introduction

Drill bit is the main tool used by drilling engineer
and the best drill bit selection and its corresponding
drilling conditions is one of the most essential
problems that drillers face with. Previously, before
producing drill bits with new and innovative designs

and the improvement of previous designs, selecting
appropriate drill bit was a relatively simple process.
Although, currently, the diversity of drill bits is very
high and the process of drill bit selection process has
become more complex, new methods have been
introduced for the appropriate drill bit selection.

Appropriate drill bit selection for specific drilling
conditions requires evaluating various contributing
factors. Of course, if all factors which influence drill bit
selection are studied, drill bit selection will become
significantly complex. Hence, each of drill bit selection
methods evaluates only a limited range of factors.

There are a lot of works investigating optimal drill bit
selection. Jansen studied the vibrational behavior of drill
stem as a rotor. He studied the effect of contact with the
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various parameters on it.

In their study, Yigit and Christoforou (1996)
investigated the effect of longitudinal and transverse
vibrations of drill stem under the impact of axial force.
In their work, from the drill stem, only the drill bit length
was modeled and drill pipe was not included in
modeling. They considered the effect of drilling mud as
equivalent mass and damping and did not consider mud
discharge on longitudinal and transverse vibrations.

In this study, drill stem has been considered as a
beam which is excited through axial force imposed from
the bottom of the well by means of the rotation of the
drill stem. Moreover, the effect of contact with wall has
been considered using Hertzian contact stress model in
this study. They studied drill stem buckling under the
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impact of axial force. They also evaluated the buckling
of drill stem for linear and nonlinear cases. In another
work, Yigit and Christoforou (1997) investigated
vibrations of a drill bit with rotation and they considered
its torsional vibrations besides longitudinal and
transverse vibrations. In fact, they completed their earlier
work in this study. In this research, the effect of fluid has
been modeled only by equivalent mass and damping and
the effect of mud flow discharge on the drill stem
vibrations was not modeled.

Khuleif and Al-Naser (2005) explored the
longitudinal, transverse and torsional vibrations of drill
stem as a rotor. They also studied the gyroscopic
behavior of the drill stem. Of course, in their work, the
effect of drilling mud and wall contact as well as friction
were not taken into consideration and only the effect of
neutral point on natural frequency of the drill stem and
its time response in transverse direction was studied.

Regarding fluid-structure interaction, a great deal
of researches has been carried out and each of them
modeled this effect in a different manner. Out of
papers published in this field, papers written by
Paidoussis and Issid (1973; Paidoussis, 1966) are the
best researches on the effect of drilling mud on drill stem
vibrations. In this research, an analytical formulation for
fluid-structure interaction within a pipe through which
fluid flow passes has been proposed. Additionally, the
analytical formula was also obtained for a cylinder
which is placed in another cylinder and the space
between the two cylinders is filled with fluid. In addition
to being brief, these formulations include all of the
effects of equal mass, damping and flexibility of the
fluid and are sufficient for modeling drill stem vibrations
with respect to user demands.

Evaluation Parameters of the Research
Length Unit Drilling Cost Method

Drilling cost of a drilled interval of a well, in the sum
of the cost of drill bit price, drill bit replacement cost and
driving, drilling rig operations cost for drilling time
(Thomas, 1989). If the cost of driving drill is divided by
drilled length, length unit drilling cost will be obtained.
Length unit drilling cost of a certain drill bit will be
minimized if the weight on the drill bit and the rotation
speed are appropriately selected (Adams and Charrier,
1985; Bourgoyne et al., 1991).

Average time required for moving drilling string
and replacing drill bit for different depths of well and
various sizes of drill bit can be extracted from the
available tables. In another common method, instead
of using table, one can consider one hour for each
10001t (305 m) depth.

Until drilling cost function do not consider drilling
risk factors, drilling cost’s evaluation results must be
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modified by engineering judgement. If the risk of
facing drilling problems such as pipe trapping, well
deviation and etc. is considerably increased, drill bit
driving cost reduction will not necessarily lead to the
reduction of a well’s cost.

Method of Specific Energy

Due to the problems of evaluating drill bit through
length unit drilling cost method, it seems that a simple and
practical method which can measure the performance of a
drill bit in every drilling range (formation) will be a great
assistance for drilling engineer. It is also possible that its
results can be correlated with length unit drilling cost for
drill bit selection (Rabia et al., 1986). Therefore, in this
regard and as a complementary method which can enable
optimal drill bit selection using drill bit, specific energy
method is used.

For the first time, the concept of Specific Energy
(SE) in rock drilling was introduced by Tile (Teale,
1965) as an index for measuring the mechanical
efficiency of the works carried on rock. SE is defined as
the energy required for drilling unit volume of rock. This
term has been widely used previously conducted studies
on rocks as an index for efficiency and a measure for
drilling capability scale. For drilling a certain volume of
rock, a minimum energy which can be theoretically
calculated is required. This value depends on the nature
and characteristics of rock. Practically, during this
volume of rock, the value of energy will be higher or at
least equal to the minimum estimated value.

The difference between theoretical and actual values
as well as the difference between actual values when
using various drilling tools represents the presence of
some additional work. For example, re-drilling drilled
rocks, overcoming friction and energy transferred to
rocks surrounding well and heating up drilling fluid can
be referred. In addition, the value of specific energy for
different tools which drill the same rock can be
employed as a scale for determining a tool with the
highest efficiency under current drilling conditions.

Furthermore, SE can be used as an index to show
lithological changes and modify drill bit based on
drilling function. SE method is not merely used for
drill bit selection but it can be wused as a
complementary tool from other methods such as
investigating previous drill bits records and length
unit drilling cost (Farrelly and Rabia, 1987).

In rotational drilling, work can be divided into two
parts: The work done by axial force and work done by
rotational component. Specific energy can be provided
using Equation 27 (Rabia et al., 1986). Moreover,
equation shows that for a specific drill bit in a formation
with specific resistance, SE is constant for each
combination of weight over the drill bit and rotation
speed. It is because the increase in WN leads to the
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improvement of penetration rate under optimal
hydraulic conditions, which maintains SE relation
balance. Since penetration rate is strongly affected by
WN changes and for a certain drill bit, abundant
values are obtained for penetration rate in each of WN
values. When SE is compared with penetration rate,
its lower sensitivity to WN changes turns it into a
suitable tool for drill bit selection. On the other hand,
SE is a direct measure for drill bit application in a
certain formation and provides an index for evaluating
the mutual effect of drill bit and rock (Rabia, 1985).

If SE 1is appropriately used to evaluate the
performance of drill bit, it can be considered as an
appropriate tool for drill bit selection. Since optimal
drilling is recognized with its low SE, drill bits which
produce the least SE for a certain rock are considered as

Table 1. Symbols used in the research

suitable drill bit for the next uses in the same formation
in the same conditions (Farrelly and Rabia, 1987).

Drilling Potential

In large scales, drilling potential of formation predict a
certain formational reaction to drilling by various types of
drill bits. This method is also used to evaluate the effect of
modifying a certain type of drill bit on drilling a certain
formation (Perrin ef al., 1997). Compressive strength and
drilling potential were empirically correlated through
experiments carried out at the early 1960 s. Although
compressive strength should be described as a function of
lateral stress, the fact that compressive strength is
increased by lateral stress can be easily described by
Mohr’s failure criterion (Spar et al., 1995).

Row  Symbol Description
1 (DA) Total time required for drilling interval
2 (tb) Total drilling time
3 (tc) Drill bit stop time
4 Ce Drilling cost per unit length
5 Cy Drill bit price
6 C: Operational fixed costs
6 S Cohesive strength
7 Va Shale volume
8 Vi Shear wave velocity (m/s)
9 Vv, Compressive wave velocity (m/s)
10 P Density (kg/m®)
11 W Weight on drill bit
12 T Torque
13 N Rotation speed
14 A Drill bit involved level
15 R Penetration rate
16 (Wotal) Total work done by drill bit
17 Y Drill bit progress
18 D Drill bit diameter
20 AY Volume of equal drilled rock
22 FD Drilling potential of formation

pV: (377 -4r7) :
23 E= T Young’s modulus
24 G=pV’ Shear modulus
25 K,=pV’ —gi Volumetric modulus
26 SE = W/A +2aNT/AR Specific energy
27 C, =1000p, [é —é} Coutts-Deno Model
28 C=(Cb+Cr(t b+t c+t t)/AD Movement time of drilling string
29 Wi = WY +2aN(T/R)Y Work done

G E |:0.008>< v, } )
30 S§=0.025x10"°—=— Cohesive strength based on Coutts-Deno Model
C, | +0.0045x(1-V,,)
31 UCS = % Uniaxial compressive strength
{o.oog <V, } . . . . ,
32 UCS=E Uniaxial compressive strength using dynamic Young’s modulus and shale volume
+0.0045x (1-V,)
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Table 2. Drilled formations and their thickness

No. Name Thickness

1 Aghajari 1242-1360

2 Mishan 29-42

3 Gachsaran 383-516

4 Asmari 347-362

5 Pabede 261-394

6 Gour Pei 301-340

7 Elam 106.5-129

8 Lafan 8-37.5

9 Sarouk 621-705

10 Kajdomi 193-230
Studies performed by Warren (1981; 1987)

revealed that drilling strength can be determined for
conical drill bits and used for some applications such
as drilling simulation and drill bit selection. Drilling
strength can be defined as resistance against drill bit
penetration during drilling which is defined a function
of rock characteristics.

On the other hand, some researchers have been
conducted to find the relation between drilling
potential, drilling penetration rate and mechanical
properties of rock with electric logs as well as elastic
properties of rock. Walker et al. (1986) suggested
some equations which correlated the weight on drill
bit, depth, in-place compressive strength, porosity and
average size of rock grains to penetration rate of
conical drill bits. However, in-place compressive
strength used in their relations required to use
information such as weight on bit and the angle of
internal friction which is obtained from drilling
information as well as mechanical rock tests.

Some researchers have tried to present a non-
dimensional parameter by combining these influential
factors and some others have presented these factors
relatively through introducing a base. These factors have
been presented as drilling potential, design index,
drilling index and so on.

Resistance against Drilling

As stated earlier, there are limited and unproved
methods to determine the resistance factors of formation.
However, in oil drilling, resistance against drilling is
more important than absolute resistance of rock. In most
of researches, some relations have been proposed to
determine factors such as compressive uniaxial strength
using well data. However, the results obtained from
these relations are in fact resistant against drilling in
spite of the fact that they have been introduced as
uniaxial compressive strength. This issue has been well
shown in current investigation in the considered field. To
this end, two methods have been used to determine
drilling resistance from log well data. One of the
methods of determining drilling resistance is based on
Cots-Deno model. In this method, firstly, volumetric
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compressibility is calculated using traveling time of the
compressive and shear wave as well as density equation
(Al-Qahtani and Zillur, 2001).

Then, cohesive strength is calculated based on
Coutts-Deno  model, using Young modulus,
volumetric compressibility and shale size. Finally,
uniaxial compressive strength which is the
compressive stress required for fracturing non-
enclosed rock species is obtained.

Another method which is used in this study is
determining drilling resistance using Young modulus
and shale volume. In this popular method, uniaxial
compressive strength is obtained from Equation 11,
using dynamic Young modulus as well as shale volume
Gavito (1996). Table 1 and 2 summarize symbols used in
this study and characteristics of the formation employed
in the research.

Results

In present paper, drillings with short-drill bit, which
have been ended due to some reasons other than
inappropriate drill bit performance, were eliminated and
length unit drilling cost was then calculated. Time of
reciprocation and replacement of drill bit was
theoretically calculated and by considering one hour per
1000ft to remove measurement errors as well as
preventing entrance of factors irrelevant to drill bit
performance which exist in recorded times in daily
drilling report. The price of drill bits was also extracted
from the reports of purchasing drill bit for the first three
wells related to their purchasing year. Based on the cost
of the rig (20000 dollars per day), the rig cost (900
dollars per hour) was obtained. The type of drill bits and
the onset and end of the drilling were calculated from
tables of records of drill bits used for various wells.
Accordingly, length unit drilling cost was calculated.
After calculating length unit drilling cost, drill bits used
for each well were separately evaluated.

The considerable point about drilling well 3 is the use
of drill bits with the same code, different formations and
length unit drilling cost (Fig. 1). Two groups of drill bits
which are more extensively used are drill bits 437 and
537. Drill bits 437 drilled in the first and third
formations and in the second formation which have
dolomite rocks with limerock inter-layers and little
amounts of anhydrite layers in some depths have yielded
the highest length unit drilling cost (511.9 dollars per
meter). Drill bits 537 have yielded the maximum length
unit drilling cost (219 dollars per meter) in the first
formation. In well no. 3 which has the maximum length
unit drilling cost like other wells, the last well has had
the highest cost (Fig. 2). One reason is the depth of the
formation (3044 m) and consequently, the increase of
length unit drilling cost leads to the increase of depth.
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SE Calculation in the Studied Wells

In present work, drilling SE in which penetration
rate and instantaneous torque are measured illustrates
that SE method is strongly depends on geological and
geo-mechanical properties changes of formation. The
dependence of the SE upon lithological changes is
measured in SE diagrams in the depth 17 times of the
drill bit length in which penetration rate and torque
are measured. Calculations illustrate the strong
dependence of the SE upon geological and geo-
mechanical changes in the formation. For instance, the
dependence of SE on lithological changes in SE
diagram against the depth of drill bit 17 has been
shown in Fig. 3, revealing the increase of SE due to
the increase of shale volume. As observed, the
increase of shale volume leads to the increase of SE.
Therefore, geological changes should be also
considered during evaluating drill bit using SE
method. They have to be considered since sudden
changes in geological and geo-mechanical properties
during drilling in a layer with lower penetration rate
leads to a sudden increase in SE and the layer returns
to its previous level after passing through it.
Therefore, by considering these changes, early
replacement of drill bit is prevented (Fig. 4).

Another main challenge in evaluating the efficiency
of drill bit using SE method is high sensitivity of this
method to drilling operational factors. This sensitivity
leads to considerable changes in SE in a finite interval so
that in some cases, it is not possible to evaluate drill bit
with this method.

In exploring drilling potential, the first step is to
estimate geo-mechanical factors of the formation. In
this study, these factors are classified into two groups:
dynamical elastic modules of rock (Young, shear and
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volumetric modules) and resistive factors of
formation. The reason for this classification is that in
dynamic modules, there are fixed and globally
accepted relations thereby and using traveling time of
the compressive and shear waves as well as the
density of rock, such modules can be calculated.
However, to evaluate the resistive parameters of rock
using information available about formations, there is
no unified and globally accepted method in oil
industry but the available methods are hypothetical
and their effectiveness has been proved only in
limited cases.

To determine dynamic elastic modules of rock, in
addition to the traveling time of the compressive
wave, shear wave is required as well. However, in the
studied field, just like most of the oil and gas fields of
Iran, traveling time of the shear wave has not been
measured. Hence, traveling time of the shear wave
must be estimated using that of compressive wave.
Traveling time of the shear wave was calculated by
obtaining representative porosity, density, traveling
time of compressive wave of the available rocks as
well as results obtained from studies on the three
other oil fields of Iran for the ratio of the shear to
compressive waves traveling time (Azizi and
Memarian, 2006). For anhydrite, calcite, dolomite and
illite, it was calculated 1.85, 1.9, 1.75 and 1.84,
respectively. The summary of these calculations has
been represented in Fig. 5-7. After calculating
shearing wave’s traveling time, Young, shear and
volumetric modulus for different formations and
intervals drilled by different drill bits were calculated.

After calculating shear wave’s traveling time,
Young modulus (E), shear modulus (G) and
volumetric modulus (K) are calculated (Teale, 1965;
Khuleif and Al-Naser, 2005).
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Geo-Mechanical Factors

Previously conducted studied in this field have
focused on five drill bits with the information necessary
for determining the modules, strength as well as
penetration rate. Formations rocks drilled by these drill
bits including calcite, dolomite and shale were identified
as rock contributing to the penetration rate by
investigating penetration rate of various rocks in this
field. Therefore, in exploring diagrams of dynamic
modules of rock versus penetration rate, diagram of shale
percentage was evaluated as well.

In intervals with shale, even with relatively low
elastic modulus of rock, penetration rate is low.
Diagram of shale percentage, elastic modules and
penetration rate of drill bit in two different depths have

been shown in Fig. 8-18. As shown in diagrams, in the
depth of 2500-2600 m, as shale percentage is increased,
the value of dynamic elastic modules of rock is
decreased. This matter can be justified with respect to
the increase in porosity in intervals with shale as well
as low resistance of the shale to other rocks available in
this field. Due to the direct relation between rock
strength and elastic modules, it is expected that in
intervals with shale, penetration rate is increased owing
to the relatively low value of elastic modules. However,
contrary to the expectations, in these intervals,
penetration rate not only is not increased, but also it is
even lower compared to other intervals. The reason of
this phenomenon is high cohesion of shale and
consequently the adhesion of drilled particles into drill
bit and its penetration reduction.
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As the studies on this field revel, in intervals with
high shale content, elastic modules are decreased
while due to drilling problems in shales, penetration
rate is also decreased. However, in intervals without
shale, as elastic modules and accordingly, rock
strength are decreased, penetration rate is increased. It
must be pointed out that low quantities of shale can
contribute to penetration rate. This fact has been
reflected in relations presented to estimate drilling
resistance using data of well logs. While the increase
in shale amount, with respect to other rocks existing
in this field and relatively high porosity, is
accompanied with wuniaxial compressive strength
reduction, resistance obtained from these relations is
increased by the increase of shale percentage. This
issue reveals the fact that strength given by these
relations is drilling resistance but not uniaxial
compressive strength.

The considerable point in this diagram is the
reduction of drilling resistance as a result of the
increase in porosity in intervals without shale in the
depth of 2700-2800 m. At the same time, SE reduction
due to drilling strength reduction is of high
importance in these intervals which well illustrates the
ability of the calculated drilling resistance to estimate
actual drilling conditions. In this drill bit diagram, the
calculated drilling resistance has many changes and
sometime on-correlated changes with geological and
geo-mechanical conditions as well as drilling
operational factors. This implies the failure of this
method to estimate drilling conditions and select the
appropriate right drill bit.

To evaluate the calculated geo-mechanical factors,
the average of elastic modules and the resistance
obtained from aforesaid methods for drill bits
investigated in the well have been compared with the
results of penetration rate, SE as well as drilling
length unit drilling cost. The results have been
presented in Fig. 19-23. Drill bit 21 and 11 both have
drilled in two wells with the same geological properties. In
terms of geo-mechanical properties, the measured
parameters indicate the similarity of the geo-mechanical
properties of the drilled formation by these drill bits.
However, drill bit 11 has higher penetration rate and SE as
well as considerable lower length unit drilling cost.
Therefore, considering all of the aspects, it can be said that
in general, drill bit driven in the first well is better than the
one driven in the second well. Consequently, drill bit 437
driven in first well is better compared to the drill bit 547
driven in second well.

The obtained results of this method require
investigating drilling operational factors. Operational
factors must be involved to determine drilling
potential. This potential is obtained by combining the
parameters determined in this research as well as
many other factors. For instance, drill bit 18 of the
first well and drill bit 8 of the second well both have
drilled Kangan formation with the same geological
and geo-mechanical properties. Despite of this
similarities and while both drill bits are of the same
code (527) and made by the same company, their
penetration rate, SE and length unit drilling cost are
considerably different. It highlights the effect of the
operational factors on the efficiency of the drill bits.
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Fig. 19. The average elastic modules of the studied drill bits
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Conclusion

In this study, length unit drilling cost of various
formations drilled in 10 wells was evaluated.
Comparison and evaluating the length unit drilling cost
of various wells formations, optimal drill bit, i.e., the
drill bit drilling with the least cost was introduced.

There are two methods to evaluate the performance
of drill bits based on length unit drilling cost: Comparing
drill bits with the same code and comparing the
performance of drill bits used in the same formation in
different wells and finally, the optimal drill bit
selection. In studies performed on different wells, it
was concluded that drill bits with the same code have
different length unit drilling cost in various formations.
This difference sometimes reaches to several times
more than length unit drilling cost. Therefore, it can be
concluded that geological and geo-mechanical factors
which are often ignored in evaluating drill bit
performance, have a significant effect on drilling
performance. To sum up, it can be said that the
maximum efficiency of drill bit selection based on
length unit drilling cost is the optimal drill bit selection
which present the least drilling cost in a formation with
certain geological and geo-mechanical properties.

Briefly, it can be stated that SE fails to be used as
an ideal complement for length unit drilling cost
method. It is due to the fact that it depends on
parameters irrelevant to the performance of drill bit,
abundant changes in an interval with relatively stable
geological and geo-mechanical properties as well as
the need of measuring torque throughout the well.

According to many empirical models of determining
uniaxial compressive strength and assuming constant
conditions, the increase of porosity leads to the
decrease of uniaxial compressive strength. Thus, in
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evaluations of uniaxial compressive strength, porosity
and SE diagram were considered as well. However, in
these diagrams, the increase of porosity, which
represents the increase of level of shale content,
uniaxial compressive strength is also increased, based
on the above calculations. This fact is in contradiction
with geo-mechanical principles and empirical relations
of determining uniaxial compressive strength. This
issue emphasizes on the fact that the presented relations
are used to determine drilling resistance but not
uniaxial compressive strength.

As shown in the figure, the increase of shale
percentage leads to the increase of porosity. By
increasing the calculated resistances, it is highlighted
that measured resistances are resistance against drilling
and are not against uniaxial compressive strength. As
drilling resistance is increased in these depths,
penetration rate is decreased and SE spent for drilling the
rocks of this interval is increased. Given that the
increases in the calculated drilled resistances is
accompanied with the decrease in penetration rate and
the increase in SE. Moreover, since they directly
evaluate the geological and geo-mechanical properties of
the formation, the calculated resistances can be used as
an ideal complement for length unit drilling cost to
evaluate the consumed drill bits and select next ones.

In summary, it can be said that some of the
relations to determine compressive strength of rock
from well log data for oil and gas wells can calculate
resistance against drilling. Among these relations, two
relations which can be used with the data of the
studied field were evaluated. Coutts-Deno Model
cannot be a useful method for drill bit selection due to
wide changes in a short range with relatively stable
geological and geo-mechanical conditions as well as
the lack of correlation with penetration rate and SE.
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On the other hand, Equation 33 has a great potential to
evaluate resistance against drilling. High correlation
of resistance calculated by Equation 33 with
penetration rate and SE indicates the ability of the
method in modeling actual conditions of well drilling.
Consequently, based on the conducted studies on this
field, Equation 33 can be used as an ideal complement
along with length unit drilling cost for appropriate
drill bit selection. Moreover, drilling operational
factors which contribute to the performance of drill bit
must be taken into consideration.

Investigating performance of drill bits used in six
wells of a gas field in south of Iran led to the following
conclusions:

e Length unit drilling cost cannot be used separately
to evaluate drill bits employed in drilling and select
new ones because it lacks a valid and fixed basis to
compare rocks with different geological and geo-
mechanical characteristics

e In length unit drilling cost, if there are extensive
changes in geological and geo-mechanical
properties of the same formation, it is not possible to
compare drill bits used in that formation and
propose the optimal drill bit

e For various reasons such as dependence on
irrelevant factors including the need of measuring
torque throughout the well (which does not usually
occur) and considerable changes in a limited
interval, SE method cannot be an ideal complement
for length unit drilling cost

e Some of the relations given to determine
compressive strength of rock from well log data,
indeed, calculate resistance against drilling and
applying them as uniaxial compressive strength is
accompanied with high approximation

e Based on the conducted studies, the method of
determining drilling resistance based on Coutts-
Deno Model cannot be a useful method for drill bit
selection due to wide changes in a short range with
relatively stable geological and geo-mechanical
conditions as well as the lack of correlation with
penetration rate and SE

e Determining drilling resistance using Young’s
modulus and shale volume has a great potential to
determine resistance against drilling. High
correlation of the resistance calculated using this
method with penetration rate and SE reveals the
capability of the method for modeling actual
conditions of the well drilling. Therefore, according
to the conducted studies, this method can be used as
an ideal complement for appropriate drill bit
selection along with drilling cost per unit length. Of
course, the results of this method must be moderated
based on drilling operational factors
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