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ABSTRACT

DATABASE DEVELOPMENT FOR DIAMOND CORE
DRILLING BIT SELECTION USING FIELD DATA

Giizeloglu, Levent
M.Sc., Petroleum and Natural Gas Engineering
Supervisor: Prof. Dr. Mustafa Versan Kok
Co-Supervisor: Assoc. Prof. Dr. Serhat Akin
December 2005, 46 pages

Drilling bit optimization is one of the key concepts in drilling engineering. It
is considered as one of the economical factors in an overall well budget. Computers
are strictly used as decision-making systems in the optimization calculations.
Formation parameters are easily processed according to drilling bit selection criteria
by the help of computer programs. Although computer program is an interface by
which user makes computer do some jobs, database is another important part of this
decision-making systems. Data is stored and can be modified in the database. Also
necessary calculations can be accomplished by database so that results of these
calculations and data can be reached by the computer programs. In this study, a
database, holding field data is designed and a computer program calculating
necessary parameters and related excel file holding output are prepared. Although
mostly lowest cost per foot is preferred and there isn’t an absolute method for

choosing optimum drill bit, this design can be helpful in selection period.

Keywords: Drilling bit, optimization, database, computer program.
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0Y/
SAHA VERISI YARDIMIYLA ELMASLI KAROT

SONDAJ MATKABI SECIMINDE VERITABANI
GELISTIRILMESI

Giizeloglu, Levent
Yiiksek Lisans, Petrol ve Dogal Gaz Miihendisligi Boliimii
Tez Yoneticisi: Prof. Dr. Mustafa Versan Kok
Yardimc: Tez Yoneticisi: Dog. Dr. Serhat Akin
Aralik 2005, 46 sayfa

Sondaj miihendisliginde en 6nemli konulardan biri optimum sondaj matkabi
se¢imidir. Optimum sondaj matkabi se¢imi bir kuyunun biit¢esinin hesaplanmasinda
yeralan anahtar faktorlerdendir. Optimum sondaj matkab1 secimi igin yapilan
hesaplamalarda karar verme sistemi olarak bilgisayarlar ciddi olarak kullanilir.
Formasyon verileri bilgisayar programi yardimiyla se¢im kriterlerine gore kolaylikla
islenirler. Programlar bilgisayarlara hilkkmetmek igin bir arayiiz olmalaria ragmen
bu karar verme mekanizmalarimin diger bir 6nemli tarafi da veritabanlaridir.
Veritabanlarinda veriler saklanir ve kolaylikla degistirilebilir. Gerekli hesaplamalarin
¢ogu veritabani tarafindan yapilir ve programlarin bu sonuglara ulagmalar1 saglanir.
Bu c¢aligmada verilerin saklanaca@i bir veritabani tasarlanmig, hesaplamalarin
yapilmasina aracihk edecek ve gerekli grafikleri cizmek igin Excel dosyasi
olusturacak bir bilgisayar programi yazilmistir. Optimum sondaj matkabini
belirlemede kesin bir yontem olmasa da bu tasarimin matkap se¢iminde yardimci

olacag: diistiniilmektedir.

Anahtar Kelimeler: Sondaj matkabi, optimum, veritabani, bilgisayar programu.
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CHAPTER 1

INTRODUCTION

Drill bit is a key part of drilling process. Drill bits have different properties
according to: Grading, roller bearing, cooling roller bearing, sealed roller bearing,
sealed journal bearing, sealed journal gaging. Most important property is hardness.
Their hardness vary due to lithology to use. Also the rock type is another key
concept to mention about optimum drill bit selection.

In this study, field data obtained at Zonguldak hardcoal Basin(with HQWL
at Kilimli, Bartin and Kandilli) has been used [9]. According to data in hand, rock
type, depth interval, used drill bit size, pump pressure, pump volume, bit rotation,
bit load, rock quality designation, discontinuity frequency, quartz content,
unconfined compressive strength, pressure loss, penetration rate values are
available.

Designed database keeps above data and calculates necessary calculations by
the help of written computer program. Program is designed to insert data into
database, modify and delete present values and show calculation results and transfer

these results to an excel file for drawings.



CHAPTER 2

DRILLING ROCK BITS

2.1 Drilling Information

In a drilling process, a borehole is drilled by rotating a bit at the end of drill
pipe. Borehole cuttings are removed by continuous circulation of a drilling fluid as
the bit penetrates the formation. The drill pipe is connected to the drill engine.
Drilling fluid is pumped down through the hollow drill pipe using a centrifugal
pump (mud pump) to a drill bit. Figure 2.1 represents the drilling equipment setup.

Tie-Downs

"%jl =

Figure 2.1 Drilling Equipment Setup [17]



2.2 Types of Drilling Bits

As easily seen below, drill bit is a key part of drilling process. There are two
types of drill bits used in oil or natural gas drilling rigs, a drag bit, and a rock bit:

A drag(Figure 2.2) bit is used for soft rocks, like sand and clay. The drill stem
is rotated, and teeth on the bit tear up the rock.

A rock bit (also called a roller bit, Figure 2.3, Figure 2.4, Figure 2.6) consists
of teeth on wheels which turn as the drill stem is rotated. These teeth apply a

shearing pressure to the rock, breaking it up into small pieces.

T

Figure 2.2 Drag Bit [18] Figure 2.3 Roller Bit [18]

The original patent for the rotary rock bit was issued to Howard Hughes Sr. in
1909. It consisted of two interlocking wheels. In 1933 two Hughes engineers
invented the tricone bit. This bit has three wheels and is still the dominant bit in the
market today. The Hughes patent for the tricone bit lasted until 1951, after which
time other companies started making similar bits. However, the Hughes’s market

share is still 40% of the worlds drill bit market [13].



2.3 Drilling Bit Classification

IADC codes: The Bit Classifier utilizes the International Association of
Drilling Contractors’ (IADC’s) classification system(Figure 2.5) for roller cone and
fixed cutter bits. Table 2.1 shows Drill Bit Classification and Table 2.2 shows main
specifications of PDC Bits [14].

Figure 2.4 Roller Bit [16]

Example: 8 12 HIT 537 RW rock bits

Additional stracture characteristics, Table 3
Classification code, Table 2
Line code, by letters, Table 1

Diameter code, in inch

Figure 2.5 Rock Bit Classification [16]
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2.4 Diamond Drilling in General

Diamond drilling is performed via drill bits, which are fitted with diamond
particles of changing sizes. The particles are either surface set or impregnated on
the steel tool, mixed with “sintering material”. Thereby comes the two main types

of diamond bits; namely “surface-set” and “impregnated”.

The bits are the bottom part of the drill string, which consists of reaming
shell(reams the hole for easy working of the bit), core-barrel (intakes the core, cut
by the bit), drill rods (steel rods, added together as drilling progresses) and water

swivel (through which drilling mud circulation occurs).

Drilling rig with required capacity turns the drill rods, by exerting a torque
which depends on the horse power and bit rpm. The turning effect is transferred to
the bit, which starts the cutting action under enough bit load. Continuity of drilling
or the cutting action depends on the clearance of the cut pieces or chips, which are

removed by the drilling mud, circulated at required volumes by the mud pump.

By careful regulation of the operational parameters with regard to the
properties of the rock cut, optimum penetration rates can be achieved. Reaching at
optimum penetration rates needs a very detailed information on operational
parameters, such as bit load, bit rotation, mud circulation volumes and pressures
with bit wears and knowledge on the rock properties as well; including uniaxial
compressive strengths, rock quality designations, discontinuity frequency and

quartz content.
2.5 Choosing the Suitable Drilling Bit

Drag bits have short blades, each forged to a cutting edge and faced with
tungsten carbide tips. Short nozzles direct jets of drilling fluid down the faces of the
blades to clean and cool them (Driscoll, 1986). A blade bit is a drag bit in which the
blades can be replaced. Drag bits have a shearing action and cut rapidly in sands,
clays and some soft rock types. Most drilling is done using the Drag bit (especially
in clay and sands). However, it does not work well in coarse gravel or hard-rock
types. Whenever possible, drag bits should be used to drill pilot holes because they

produce cuttings which are easiest to log.



Roller bits have three or more cones ("rollers" or "cutters") made with
hardened steel teeth or tungsten carbide inserts of varied shape, length and spacing.
They are designed so that each tooth applies pressure at a different point on the
bottom of the hole as the cones rotate. The teeth of adjacent cones intermesh so that
self-cleaning occurs. The cutting surfaces of all roller bits are flushed by jets of
drilling fluid directed from the inside (centre) of the bit. Roller bits exert a crushing
and chipping action, making it possible to cut hard rock types. If possible, use roller
bits for reaming the 10 cm pilot hole open to 15 cm because they produce minimal

amounts of clay smearing etc on borehole walls.

Figure 2.6 Roller Bit [15]

The three roller Tricone bit is the most common roller bit. It has conically
shaped rollers on spindles and bearings set at an angle to the axis of the bit. It is
used as an all-purpose bit in every rock types.

As a general rule, hard rock roller bits should be used at much slower speeds
and higher bit weight than blade bits used for drilling soft rocks.

A reamer bit is later used to widen the hole to 15.24 cm (6 in). A reamer bit
consists of hardened cutting surfaces attached to drill pipe; it is screwed just above
the drill bit. A reamer bit is used in sandy soils or in clay if the roller bit becomes

too gummed-up with clay and/or there are problems keeping the hole straight. A



10.16 cm (4 in) roller or blade bit is fitted ahead of the reamer bit and runs in the
existing 10.16 cm pilot hole. This makes it easy to keep the borehole very straight

during the reaming process [17].
2.6 LITERATURE SURVEY

Estes [1] has studied on selecting the proper Rotary rock bit. In the study, as
a rule.it is stated that if enough weight cannot be applied on a bit, softer formation
bit should be used. Bearing life determines the bit life. Bearing life is somewhat
related to the bit class because bits with higher class numbers have greater bearing
capacity. Another outcome from the study is to use softest formation bit that will
obtain an economical run. If the rock type is not responsive to weight on bit,use the
softest formation bit practical. With high clay-solid-muds, use the softest formation
bit.

Bilgesu et al [5] has stated that the relationships between formation
properties, drilling fluid characteristics, bit design, and operational parameters in
these patterns are not easily understood. The conventional approach in bit selection
is to use performance data from offset wells. The two commonly used criteria for
selecting the bit for the next interval is the bit type with the highest rate of
penetration or the bit with minimum cost per food.

Newcomb [3] defined the the drilling performance in terms of drilling
duration and penetration rate. Rock bit performance can be noticably different
between geographic districts and is due to differences in drilling conditions of
weight, rotary speed, and mud, and the rock bit drilling efficiency in the formation
at depth.

Another study was held by Lyon et al [4] . To prepare a good usable bit
selection program following conditions should be met.
1.Current and accurate offset well data must be collected.
2.Complete analysis of the offset information must be performed before the
program can be initiated.
3.Analysis of bit records and geological data has led to the development of a

method of bit selection by matching bit types to the formations.
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4.When the well is finished or as the well is being drilled, a comparative analysis of
the bit program, bit record and drilling data should be performed to locate areas for
improved planning techniques.

Karpuz et al [10] has stated that an ANN program, which was tested for
several real cases, could very well be a front-end system for rock bit operational
parameter selection that could help engineers in decision-making analysis. The
input data covered six years of MTA’s (Mineral Research and Exploration of
Turkey) exploration drilling activities collected from Zonguldak hard coal basin at
Kilimli, Bartin and Kandilli regions. The field studies focused on the main
operational parameters including bit load, bit rotation and mud pump circulation
rate. Individual values were obtained by varying one of the parameters, while
keeping the others constant, and recording the corresponding penetration rates.
Rock mass properties like rock quality designation (RQD) and discontinuity
frequency (DF-total number of visible cracks per meter), were logged from the core
recovered. Pump pressure losses were also recorded during drilling (from the
relevant pressure gauges), together with the respective depth range. The data were
then used to train the ANN model which was then used to analyze the drilling data.

A new approach by Akin et al [11] that harnesses individual strengths of
artificial neural networks and fractal geostatistics for optimum rock bit program
estimation is proposed. The accuracy and efficiency of the developed ANN
program that requires sonic and neutron log data input was tested for several real
and synthetic cases. The model produced reasonable rock bit programs for a
development well to be drilled within the known boundaries of a field and a wildcat

well drilled in a nearby field with similar rock properties to the training field.

11



CHAPTER 3

STATEMENT OF THE PROBLEM

Although rock bit is used in every drilling operations in the drilling
engineering, there isn’t certain method used to select one. Cost per foot is the main
concern, but generally all companies use drill bit in hand. So, this makes drill bit
selection process complicated and case-special. In this study, field data is used to
offer a reflection of past selected drill bits due to field parameters. Database and
graphical user interface help end-user to get selection data according to available

data and provide necessary conditions to make further study.
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CHAPTER 4

DATABASE DESIGN

4.1. The Importance of Good Database Design

Good database design is crucial for a high performance application, just like
an aerodynamic body is important to a racecar. If the racecar doesn't have smooth
lines, it will produce drag and go slower. The same holds true for databases. If a
database doesn't have optimized relationships—normalization—it won't be able to
perform as efficiently as possible.

Beyond performance is the issue of maintenance. Database should be easy to
maintain. This includes storing a limited amount of repetitive data. A lot of
repetitive data and one instance of that data undergoes a change (such as a name
change), that change has to be made for all occurrences of the data. To eliminate
duplication and enhance ability to maintain the data, one would create a table of
possible values and use a key to refer to the value. That way, if the value changes
names, the change occurs only once—in the master table. The reference remains the
same throughout other tables.

For example, suppose you are responsible for maintaining a database of
students and the classes in which they're enrolled. If thirty-five of these students are
in the same class, called "Advanced Math," this class name would appear thirty-five
times in the table. Now, if the instructor decides to change the name of the class to
"Mathematics IV," thirty-five records should be changed to reflect the new name of
the class. If the database were designed so that class names appeared in one table
and just the class ID number was stored with the student record, you would only
have to change one record—not thirty-five—in order to update the name change.

The benefits of a well-planned and designed database are numerous, and it

stands to reason that the more work to do up front, the less have to do later. A really

13



bad time for a database redesign is after the public launch of the application using
it—although it does happen, and the results are costly.

So, before coding application, a lot of time should be spent to design database
[8].
4.2. Understanding Normalization

Normalization is simply a set of rules that will ultimately make life easier
when you're wearing your database administrator hat. It's the art of organizing your
database in such a way that your tables are related where appropriate and flexible
for future growth.

The sets of rules used in normalization are called normal forms. If your
database design follows the first set of rules, it's considered in the first normal form.
If the first three sets of rules of normalization are followed, your database is said to
be in the third normal form.

Before launching into the first normal form, you have to start with something
that needs to be fixed. In the case of a database, it's the flat table. A flat table is like
a spreadsheet—many, many columns. There are no relationships between multiple
tables; all the data you could possibly want is right there in that flat table. This
scenario is inefficient and consumes more physical space on your hard drive than a

normalized database.
4.2.1. First Normal Form

The rules for the first normal form include
. Eliminate repeating information.

. Create separate tables for related data.
4.2.2. Second Normal Form

The rule for the second normal form is
. No non-key attributes depend on a portion of the primary key.
In plain English, this means that if fields in your table are not entirely related to a

primary key, you have more work to do.
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4.2.3. Third Normal Form

The rule for the third normal form is
. No attributes depend on other non-key attributes.

This rule simply means that you need to look at your tables and see if more
fields exist that can be broken down further and that aren't dependent on a key. The
greatest problem in application design is a lack of forethought. As it applies to
database-driven applications, the design process must include a thorough evaluation
of your database—what it should hold, how data relates to each other, and most

importantly, is it scalable?
4.3. The general steps in the design process are:

1.Define the objective.

2.Design the data structures (tables, fields).
3.Discern relationships.

4.Define and implement business rules.

5.Create the application.

Creating the application is the last step—not the first! Many developers take
an idea for an application, build it, then go back and try to make a set of database
tables fit into it. This approach is completely backwards, inefficient, and will cost a
lot of time and money.

Before starting any application design process, sit down and talk it out. If you can't
describe your application—including the objectives, audience, and target market—
then you're not ready to build it, let alone model the database.

Once you can describe the actions and nuances of your application to other
people and have it make sense to them, you can start thinking about the tables you
want to create. Start with big flat tables because, once you write them down, your
newfound normalization skills will take over. You will be able to find your
redundancies and visualize your relationships.

The next step is to do the normalization. Go from flat table, to first normal
form, and so on, up to the third normal form if possible. Use paper, pencils, Post-it

Notes, or whatever helps you to visualize the tables and relationships. There's no
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shame in data modeling on Post-it Notes until you're ready to create the tables
themselves. Plus, they're a lot cheaper than buying software to do it for you, which
range from one hundred to several thousands of dollars!

After you have a preliminary data model, look at it from the application's
point of view. Or look at it from the point of view of the person using the
application you're building. This is the point where you define business rules and
see if your data model will break. An example of a business rule for an online
registration application is, "Each user must have one e-mail address, and it must not
belong to any other user." If EmailAddress weren't a unique field in your data

model, then your model would be broken based on the business rule [8].
4.4. Design

Proper database design is the only way your application will be efficient,
flexible, and easy to manage and maintain. An important aspect of database design
is to use relationships between tables instead of throwing all your data into one long
flat file. Types of relationships include one-to-one, one-to-many, and many-to-
many.

Using relationships to properly organize your data is called normalization.
There are many levels of normalization, but the primary levels are the first, second,
and third normal forms. Each level has a rule or two that must be followed.
Following all of the rules will help ensure that your database is well organized and
flexible.

To take an idea from inception through to fruition, you should follow a design
process. This process essentially says "think before you act." Discuss rules,
requirements, and objectives, and then create the final version of your normalized

tables [8].
4.5. Oracle Database

An Oracle database, strictly speaking, consists of a collection of data managed
by an Oracle database management system or DBMS. The term "Oracle database"

sometimes refers - imprecisely - to the DBMS software itself.
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One can refer to the Oracle database management system unambiguously as
Oracle DBMS or (since it manages databases which have relational characteristics)
as Oracle RDBMS.

Oracle Corporation itself blurs the very useful distinction between:
1.Data managed by an Oracle RDBMS,
2.An Oracle database, and
3.The Oracle RDBMS software itself
when it refers nowadays to the Oracle RDBMS (the software it sells for the purpose
of managing databases) as the Oracle Database. The distinction between the
managed data (the database) and the software which manages the data (the DBMS /
RDBMS) relies, in Oracle's marketing literature, on the capitalisation of the word
database.

Oracle Corporation produces and markets the Oracle DBMS, which many

database applications use extensively on many popular computing platforms.[13]
4.6. Database Setup Procedure

First step of the database setup procedure to define the parameters which will
occur in the database, and then as calculated ones. According to database logic,
these parameters should be analyzed and, if necessary, divided into logical tables.

Parameters would be columns of these tables.

In this study, first of all these parameters were examined and table structure is
created according to data in Table A.1. In this case, number of the tables is only one
because of the data in hand. For the normalization criteria, a unique constraint was

developed. This constraint does not allow any repetitive line in the table.

After design process, Oracle software was installed on a PC. In this Oracle
software multiple databases can be created. One database was created for this study.
Table and constraint were created according to design procedure in the created

database.
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CHAPTER 5

ASP.NET TECHNOLOGY AND GRAPHICAL USER

INTERFACE

5.1 What is ASP. NET Technology

ASP.NET, the next version of ASP, is a programming framework used to create

enterprise-class Web Applications. These applications are accessible on a global

basis leading to efficient information management. The advantages ASP.NET offers

is more than just the next version of ASP [19].

5.2 Advantages Using ASP.NET

1

ASP.NET drastically reduces the amount of code required to build large
applications.

ASP.NET makes development simpler and easier to maintain with an event-
driven, server-side programming model.

ASP.NET pages are easy to write and maintain because the source code and
HTML are together.

The source code is executed on the server. The pages have lots of power and
flexibility by this approach.

The source code is compiled the first time the page is requested. Execution
is fast as the Web Server compiles the page the first time it is requested. The
server saves the compiled version of the page for use next time the page is
requested.

The HTML produced by the ASP.NET page is sent back to the browser. The
application source code you write is not sent and is not easily stolen.
ASP.NET makes for easy deployment. There is no need to register
components because the configuration information is built-in.

The Web server continuously monitors the pages, components and

applications running on it. If it noticies memory leaks, infinite loops, other
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illegal software or activities, it seamlessly Kills those activities and restarts
itself.
9 ASP.NET validates information (validation controls) entered by the user
without writing a single line of code.
10 ASP.NET easily works with ADO .NET using data-binding and page
formatting features.
11 ASP.NET applications run fater and counters large volumes of users without
performance problems [19].
5.3 Differences between ASP.NET and Client-Side Technologies
Client-side refers to the browser and the machine running the browser.
Server-side on the other hand refers to a Web server [19].
5.3.1 Client-Side Scripting
Javascript and VBScript and generally used for Client-side scripting. Client-
side scripting executes in the browser after the page is loaded. Using client-side
scripting you can add some cool features to your page. Both, HTML and the script
are together in the same file and the script is download as part of the page which
anyone can view. A client-side script runs only on a browser that supports scripting
and specifically the scripting language that is used. Since the script is in the same
file as the HTML and as it executes on the machine you use, the page may take
longer time to download [19].
5.3.2 Server-Side Scripting
ASP.NET is purely server-side technology. ASP.NET code executes on the
server before it is sent to the browser. The code that is sent back to the browser is
pure HTML and not ASP.NET code. Like client-side scripting, ASP.NET code is
similar in a way that it allows you to write your code alongside HTML. Unlike
client-side scripting, ASP.NET code is executed on the server and not in the
browser. The script that you write alongside your HTML is not sent back to the
browser and that prevents others from stealing the code you developed [19].
5.5 Graphical User Interface Setup
After database is created, user interface can be designed. In this study,
graphical user interface(GUI) of the program is prepared by using the benefits
of ASP.NET technology. Microsoft Visual Studio .NET 2003 was used as a
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tool to generate ASP.NET code. First of all, a blank project is created and
webforms were created. Webform refers to html page in ASP.NET technology,
but much more developed than a html page and has additional built-ins . By
drag ‘n’ drop, textboxes were created in the webform as equivalent of database
table columns. After submit buttons were placed , some make-up was put on the

pages (Figure 5.1 and Figure 5.2).

Other advantages of this program are :

1 Program can easily be uploaded to any web server, so it can easily be

opened via internet or intranet.

2 Users directly reaches the GUI via browsers.

4 Code changes can be accomplished through web servers, so end users is not

affected by any changes .

5.5 Program Details and Execution Plan

GUI of this program is composed of two main pages. Figure 5.1 is Data Entry
and Query Page and Figure 5.2 is Drill Bit Selection Page.

Data Entry Page provides data to be saved and query to update or delete data
through database. According to program, when a new data is proceeded and insert
button is pressed, data is saved and then program returns the Entry and Query Page.
This page is always ready to save data. When a query is executed by pressing query
button , results come to screen within a datagrid which is shown on lower portion of
the same page. Table 5.1 shows the structure of datagrid, update hyperlink is used
to update or delete the desired rows.

To select optimum rock bit within the available data, Drill Bit Selection Page is
used. In this page, at least one of indirect parameters should be supplied as intervals
to get any result. Table 5.2 shows datagrid of Drill Bit Selection Page. toExcel
button in the Drill Bit Selection Page is used to transfer datagrid to an excel
document in the same page.Data obtained by the program can be transfered and

desired addition and subtractions can be done by this helpful method.
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CHAPTER 6

RESULTS AND DISCUSSION

Field data (Table A.1) used in this study was obtained from Zonguldak
hardcoal basin(with HQWL at Kilimli, Bartin, Kandilli) by General Directorate of
Mineral Research and Exploration (MTA).

6.1 Case I

In this case, only Bit load interval is given as indirect parameters. Bit load
interval is chosen as 600 kg to 700 kg and program gave a datagrid as in Table 6.1.
It is obvious that program gathers all 600 kg to 700 kg applied bit load choice within
the datagrid.

6.2 Case 11

In this case, aim is to narrow the results of Case 1. Bit load interval as 600 kg
to 700 kg and Rock Quality Designation as 70 % to 100% were chosen .Table 6.2
shows the accurate approach of this program through succesfull narrowing of Case
L
According to Table 6.1 and Table 6.2 drawn by the program, it can be easily seen
that program works well. As decided curves may show desired results and look
accurate, some other figures which are not designed to plot by the program can be
considered to helpful to optimize the rock bit selection process.

By scalable and adoptable database design, database table and programming
tools, new and necessary add-ons can be created within a very short time.

In the study, as a database (Oracle Personal Database) was used. Oracle is
accept as most powerful and reliable database but its personal which means it only
works on a personal computer and does not have network support. Database and
program should work on the same pc.

Another important factor in optimum drill bit selection is cost per foot

analysis. Cost per foot is calculated by the help of bit cost, trip time, rotating time,
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rig cost per hour and section drilled. Unfortunately in this study most of them aren’t
available. So, this widely used method cannot be held.
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6.3 Case II1

In Case III, relationship between operational and indirect parameters are
tried to examine. RQD, discontinuity frequency, unconfined compressive strength,
quartz content, depth, rock type versus pump pressure, bit rotation, bit type,
pressure loss, penetration rate relationships are considered. According to Table A.1,
pressure loss data is not available. Pump pressure values of Case I are constant.
Unsuitable conditions of these values conclude lacking of necessary figures. Case I
data was exported to an excel file through the Drill Bit Selection Page (Figure 5.2)
and figures between Figure 6.1 and Figure 6.14 were drawn by Excel program.
From Figure 6.1 to Figure 6.14 shows that this drill bit selection program is able to
save, update and filter and transfer desired output and helpful to examine
relationships between operational parameters and indirect parameters.

All plots except Figure 6.6, Figure 6.7 Bit, Figure 6.10 don’t yield absolute
conclusions. This probably means that drilling operations were made by drill bits in
hand. On the other hand, Figure 6.6 and Figure 6.10 explicitly shows that
penetration rate is inversely proportional to discontinuity frequency and quartz
content. Figure 6.7 shows that NQWLA40/60-25 rock bit is used for high unconfined
compressive strength values rather than NQWL40/60-18.
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RQD vs Penetration Rate
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Bit Type vs Discontinuity Frequency
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Bit Type vs Unconfined Compressive Strength
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Bit Type vs Quartz Content
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Depth vs Bit Rotation
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CHAPTER 7

CONCLUSIONS

Optimum drill bit selection is an inevitable process for drilling engineering.
Although too many approaches and computer programs are used to select optimum
drill bit, there is not an exact method for everyone.

In this study, the main idea was to build a system that has a database and
program to help and shorten the decision of optimum drill bit selection process. By
database opportunities, data is kept, modified and retrieved safe, calculated
necessary figures accurate and performance is satisfactory.

By program which was coded by object oriented programming methods,
makes computer work in a desired manner and shows necessary items and figures in
a very short time.

Field data used in this study was obtained from Zonguldak hardcoal
basin(with HQWL at Kilimli, Bartin, Kandilli) by General Directorate of Mineral
Research and Exploration(MTA). All the data is inserted into database and lots of
trial and errors fulfilled.

Results showed that database performance is high and data come to program
in a fast way. Related calculations and figures are accurate. According to results,

product looks like a industry-favorable design.
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CHAPTER 8

RECOMMANDATION

In this thesis, a computer program is written for optimum drill bit selection
and an interacting database is set due to program. Whether query parameters are
restricted by operational or indirect data, all available parameters are seen as output.
This means that user interface and interacting database are accomplished the
necessary selection tasks in a healthy way.

In the future it is recommended to extend this scalable database for a far
developed application. If bit performance(working time, travelled distance, etc.) or
bit properties are known addition to data in hand, this study would be much more
meaningful for end-users and optimum rock bit selection. This simply yields only
addition of necessary tables to database, nothing to do with the structure of the
database or relationships of the tables.

ASP.NET is a suitable code editor for user interface changes, so extension in

the database wouldn’t be a problem for the program.
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APPENDIX A

OPERATIONAL AND INDIRECT PARAMETERS
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