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Dersin i¢erigi

(Course Description)

Simiilasyonda gerekli temel rezervuar mithendisligi ve matematiksel kavramlari; G6zenekli ortamda akigkan
akigini tanimlayan temel denklemlerin tiiretilmesi (stireklilik, difiizivite denklemi); Baslangic-sinir deger
problemlerinin ¢6ziimlenmesinde kullanilabilecek sayisal yontemler (sonlu farklar); Elek sistemleri (nokta ve
blok merkezli grid sistemleri); Eksplisit ve implisit yontemler; 1-B ¢ok kuyulu tek fazli az sikistirilabilirlikli
akigskan akisinin simiilasyonu); Kuyuya 1-B ¢evrel tek fazli (petrol veya gaz) akisin simiilasyonu; Dogrusal
olmayan denklemlerin simiilasyonda degerlendirilmesi (Newton ve foksiyonel iterasyon yontemleri); 1-B iki
fazli akis simiilasyonu (IMPES ve diger yontemler); Kuyularin 2-B (x-y sisteminde) modellenmesi
(Peaceman yaklagimi); 2-B (x-y sistem) ¢ok kuyulu tek fazli az sikistirilabilirlikli akigkan akiginin
simiilasyonu; Ogrencilerin ders sirasinda gelistirecekleri kendi akis simiilatorleri ile boliimiimiiz bilgisayar
laboratuarinda mevcut ticari simiilatorlerle kiyaslama yapabilecekleri ¢esitli uygulamalar.

Basic mathematical and reservoir engineering concepts required in numerical reservoir simulation; Derivation
of basic fluid flow equations in porous media (continuity, diffusivity); Numerical solution techniques (finite
difference techniques); Grid systems (point- and block-centered grids); Explicit and implicit methods;
Simulation of 1-D linear flow of slightly compressible fluid of constant viscosity; 1-D single phase (either oil
or gas) radial flow towards a fully penetrating vertical well in circular reservoir; Treatment of nonlinear terms
in simulation; 1-D two phase flow simulation (IMPES and other related methods); Incoporation of
production/injection wells in x-y systems (Peaceman approach); Simulation of 2-D single phase flow of
slightly compressible fluid; several applications based on simulators to be developed by students taking the
course and comparisons of their results with available commercial simulators in the department.

Dersin Amaci

(Course Objectives)

[

Sayisal rezervuar simiilasyonunun temellerini 6grenmek,

Gozenekli ortamda akisi tanimlayan temel denklemleri 6grenmek,

Rezervuar simiilasyonunda kullanilan elek sistemlerini 6grenmek,

1B, 2B ve 3B sistemler i¢in akis denklemlerinin sonlu farklar yontemiyle ¢ozililmesini 6grenmek,
Kuyu modellemesi 6grenmek,

Iki fazli akis problemlerinin ¢dziimiinii 6grenmek,

Radyal sistemlerde akis denklemlerinin sonlu farklar yontemiyle ¢6ziimiinii 6grenmek,

Tek fazl gaz akigini 6grenmek.

To learn the fundamentals of numerical reservoir simulation,

To learn the fundamental equations that describe flow in porous media,

To learn the basic grid systems used in numerical reservoir simulation,

Learn to solve the equation that describe fluid flow in porous media for 1D, 2D and 3D systems using
the finite diference method,

To learn well modeling,

Learn to solve problems of two phase flow,

Learn to solve the equations that describe fluid flow in porous media for radial systems,

To learn about single phase gas flow.
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Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Bu dersi basariyla tamamlayan lisansiistii 6grenciler asagidaki konularda bilgi, beceri ve yetkinlik kazanirlar;
I. Sayisal rezervuar simiilasyonun temellerini bilmek,
II. Gozenekli ortamda akigkan akigini tanimlayan denklemleri bilmek,
III. Rezervuar simiilasyonunda kullanilan elek sistemlerini bilmek,
IV. Gozenekli ortamda akigkan akisini tanimlayan denklemlerin sonlu farklar yontemiyle ¢oziimiinii 1B, 2B,
3B ve radyal sistemler i¢in bilmek,
V. Cok fazli akis icin denklem ¢dziimlerini gelistirebilmek,

Graduate students who successfully complete this course gain knowledge, skills and proficiency in the
following subjects;
1. To know the fundamentals of numerical reservoir simulation,
II.  To know the fundamental equations that describe fluid flow in porous media,
III.  To know the grids used in numerical reservoir simulation,
IV. To know how to solve the fundamental equations describing fluid flow using the finite diference
method for 1D, 2D, 3D and radial systems,
V. To know how to solve the equations for multiphase flow systems.

83



Kaynaklar

(References)

1. Aziz, K., Settari, A. (1979). Petroleum Reservoir Simulation,
Applied Publishers Ltd., London.

2. Thomas, G. W. (1982). Principles of Hydrocarbon Reservoir
Simulation, IHRDC Publishers, Boston.

3. Peaceman, W. D. (1977). Fundamentals of Numerical Reservoir
Simulation, Elsevier Scientific Publishing Co., Amseterdam.

4. Coats et al. (1973). Numerical Simulation, SPE Reprint Series
no. 11, SPE, Dallas.

5. Versteeg, H. K., Malalasera. (1995). An Introduction to
Computational Fluid Dynamics, Longman, New York.

6. Mattax, C. C., Dalton, R.L., (1990). Reservoir Simulation, SPE
Monograph Vol. 13, SPE, Dallas.

Odevler ve Projeler

(Homework & Projects)

Ogrencilere yaklasik 4-5 ddev verilecektir. Bunun yaninda
ogrencilerin bu dersi verebilmeleri i¢in iki adet proje tamamlamalari
gerekmektedir.

The students will complete 4-5 homeworks and two main projects to
complete the course.

Laboratuar
Uygulamalari

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use)

Ogrenciler projelerde bilgisayar programi yazacaklar ve ayrica paket
programlar kullanacaklar.

The students will program their own code for the projects and will
use commercial software.

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Adedi
(Quantity)

Faaliyetler
(Activities)

Degerlendirmedeki
Katkisi, %
(Effects on Grading, %)

Y1l ici Smavlar

o
(Midterm Exams) 1 o 15

Kisa Sinavlar

(Quizzes)

Odevler

o
(Homework) 70 15

Projeler

(1)
(Projects) 2 7030

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Smawi

o
(Final Exam) 1 70 40
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DERS PLANI

Dersin
Hafta Konular Ciktilar:

1 Sayisal rezervuar simiilasyonuna giris 1

2 Siireklilik ve difiizyon denklemlerinin ¢ikartilmasi 11

3 Sayisal rezervuar simiilasyonunda kullanilan elek sistemleri 11
4 1B sistemler i¢in diflizyon denkleminin sonlu farklar ile ¢6ziimii v
5 2B sistemler i¢in diflizyon denkleminin sonlu farklar ile ¢oziimii v
6 Biitiinlesmis sonlu farklar yontemiyle ¢oziimler v
7 Kuyu modellemesi v
8 Cok fazl akis problemleri i¢in denklemlerin ¢ikartilmasi \Y%

9 Cok fazl akig problemleri i¢in denklem ¢oziimleri \%
10 ] IMPES yaklagimi \Y
11 Radyal sistemler i¢in denklem ¢oziimleri v
12 | Tek fazli gaz akis v
13 Tek fazli gaz akist v
14 | Gozenekli ortamda 1s1 akisi problemlerine giris v

COURSE PLAN
Course
Weeks Topics QOutcomes

1 Introduction to numerical reservoir simulation I

2 Derivation of the continuity and the diffusion equations I

3 Grids used in numerical reservoir simulation I

4 Solution of the Diffusion equation with the finite difference method for 1D v

systems
5 Solution of the Diffusion equation with the finite difference method for 2D v
systems

6 Solutions with the integrated finite difference method v

7 Well modeling v

8 Derivation of equations for multiphase flow \4

9 Solutions to the equations for multiphase flow \4
10 The IMPES approach \%
11 Solution of equations for radial flow v
12 Single phase gas flow v
13 Single phase gas flow v
14 Introduction to heat flow problems in porous media v

85




Dersin Petrol ve Dogal Gaz Miihendisligi Programuyla iliskisi

Programin mezuna kazandiraca@ bilgi, beceri ve yetkinlikler (programa ait
ciktilar)

Katki

Seviyesi

1

2

3

Lisans diizeyi yeterliliklerine dayali olarak, ilgili program alaninda bilgilerini
uzmanlik diizeyinde gelistirebilme ve derinlestirebilme (Yeterli Bilgi Birikimi)
(Bilgi).

+

ii.

Alaninm iligkili oldugu disiplinlerarasi etkilesimi kavrayabilme (Bilgi).

iil.

Alaninda edindigi uzmanlik diizeyindeki kuramsal ve uygulamali bilgileri
kullanabilme ve alani ile ilgili karsilasilan sorunlar1 arastirma yontemlerini
kullanarak ¢oziimleyebilme (Beceri).

iv.

Alaninda edindigi bilgileri farkli disiplin alanlarindan gelen bilgilerle
biitiinlestirerek yorumlayabilme, yeni bilgiler olusturabilme ve disiplinlerarasi
caligmalarda kullanabilme (Beceri).

Alan ile ilgili uzmanlik gerektiren bir ¢alismay1 bagimsiz olarak yiiriitebilme ve
alani ile ilgili uygulamalarda karsilasilan karmasik sorunlarin ¢6ziimii i¢in yeni
yaklasimlar gelistirebilme ve sorumluluk alarak, gerektiginde liderlik yaparak,
¢Ozilim lUretebilme (Bagimsiz Calisabilme ve Sorumluluk Alabilme Yetkinligi).

vi.

Alaninda edindigi uzmanlik diizeyindeki bilgi ve becerileri elestirel bir yaklagimla
degerlendirebilme ve dgrenmesini yonlendirebilme ( Ogrenme Yetkinligi).

vii.

Alanindaki giincel gelismeleri ve kendi ¢alismalarini, nicel ve nitel veriler ile
destekleyerek, alanindaki ve alan disindaki gruplara, Ingilizceyi en az Avrupa Dil
Portfoyii B2 genel diizeyinde kullanarak, yazili, s6zlii ve gorsel olarak sistemli
bi¢imde aktarabilme (iletisim ve Sosyal Etkinlik).

viil.

Alaninin gerektirdigi diizeyde bilgisayar yazilimu ile birlikte bilisim ve iletisim
teknolojilerini ileri diizeyde kullanabilme (iletisim ve Sosyal Etkinlik).

ix.

Alan ile ilgili verilerin toplanmasi, yorumlanmasi, uygulanmasi ve duyurulmasi
asamalarinda toplumsal, bilimsel, kiiltiirel ve etik degerleri gozeterek
denetleyebilme ve dgretebilme (Alana Ozgii Etkinlik).

Alant ile ilgili konularda strateji, politika ve uygulama planlar1 gelistirebilme ve elde edilen
sonuglari, kalite siirecleri ¢ergevesinde degerlendirebilme (Alana Ozgii Etkinlik).

1. Az,

2. Kismi, 3. Tam
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Relationship Between the Course and Petroleum and Natural Gas Engineering Curriculum

Program Outcomes

Level of

Contribution

1

2

3

Based upon the undergraduate level competency, developing and intensifying
the knowledge in the program area (Knowledge).

+

ii.

Grasping the interdisciplinary interaction related to the program area
(Knowledge).

iii.

Ability to use the theoretical and practical knowledge, and solving the
problems in the program area thru research methods (Skill).

iv.

Ability to interpret and reach new knowledge by integrating knowledge from
the different disciplines with the related area, and to use in interdisciplinary
practices (Skill).

Conducting a specialized study within the related area independently;
developing new strategic approaches and solutions for the complex problems
within the related area, fulfilling the leader role if necessary, while reaching
results (Competence to Work Independently and Taking Responsibility).

vi.

Ability to develop learning competence and evaluate the knowledge and skills
within the related area critically (Learning Competence).

vii.

Establishing written, oral, and visual communications systematically to present
the updated knowledge within the related area and individual practices
supported by qualitative and quantitative data, using the English language —
with at least European Language Portfolio B2 Level- if needed
(Communication and Social Competency).

viii

Ability to use high level computer and communication technologies within the
computer software required in the related area (Communication and Social
Competency).

ix.

Ability to promote and teach the social, scientific, cultural and ethical values in
the stages of gathering, interpreting, implementing, and announcing the data
within the related area (Area Specific Competency).

Developing the area-related strategic, political and implementation plans and
evaluating their results within the quality progress (Area Specific
Competency).

1. Little, 2. Partial, 3. Full

Diizenleyen (Prepared by) Tarih (Date) Imza (Signature)

Omer Inang Tiireyen 26/06/2011
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