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Dersin icerigi

(Course Description)

Optimizasyonda deterministik ve stokastik yontemler; ileri ve ters problem tanimlamasi; dogrusal ve
dogrusal olmayan regresyon; Kosulsuz ve kosullu regresyon; Gradyent bagimsiz optimizasyon yontemleri
(simpleks yontemi, Kalman ve kiimeli kalman filtresi yontemleri); Gradyent bagimli optimizasyon
teknikleri (conjugate gradient, Newton, Steepest descent, Gauss-Newton ve Levenberg-Marquardt);
Benzetilmis kristallestirme ("Simulated annealing"); Sinir aglari; Ozdeger ve tekil deger ayrisimi; Ogretilen
optimizasyon yontemlerinin rezervuar mithendisligi ve jeoistatistige ait problemlere uygulamalari dersin
ana temasini olusturacaktir.

Deterministic and stochastic methods for optimization; forward and inverse problem definitions; Linear and
non-linear regression; Optimization using non-gradient-based methods (simplex, Kalman and ensemble
Kalman filter methods); Optimization using gradient based methods (conjugate gradient, steepest descent;
Newton; Gauss-Newton, Levenberg-Marquardt); Simulated annealing; Neural networks; Eigenvalue and
singular value decomposition; Applications to reservoir engineering and geostatistics.

Dersin Amaci

(Course Objectives)

Optimizasyon, mithendislikte gerekli en 6nemli araglardan birisidir. Petrol, dogal gaz ve jeotermal
rezervuar mithendisligi alaninda da, rezervuar isletim ve gelistirme kararlarinin verilmesinde optimizasyon
yaygin olarak kullanilmaktadir. Bu nedenle, bu derste temel amag, lisansiistii 6grencilerimizin
optimizasyon ve optimizasyon yontemleri konusunda yetkinlik kazanmalarinin saglamaktir.

The course will focus on optimization methods used in reservoir parameter estimation and performance
predictions, which are widely used in reservoir management studies of petroleum, natural gas and
geothermal reservoirs. In the course, fundamentals of least-squares theory, maximum-likelihood, statistics
and geostatistics as well as inverse problem methodology for incorporating hard and soft data into reservoir
characterization; gradient and non-gradient methods of optimizations will be covered.

Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Bu dersi basariyla tamamlayan lisansiistii 6grenciler asagidaki konularda bilgi, beceri ve yetkinlik
kazanirlar;

L. Ileri diizeyde rezervuar optimizasyonu ve temel bilgileri,

II.  Dogrusal ve dogrusal olmayan rezervuar modellemesi ve parametre tahmini,

II.  En kiiciik kareler ve maksimum olasilik ve Bayes tahmin yontemleri,

IV. Jeoistatistik ve rezervuar tanimlamasinda kullanimi

V.  Tarihsel ¢akistirma problemi,

VL. Kisith ve kisitsiz rezervuar optimizasyon,

VII. Gradyent bilgisi kullanan ve kullanmayan optimizasyon algoritmalari,

VIII. Gelecege yonelik rezervuar performans tahmini ve belirsizlik kestirimi

Graduate students who successfully complete this course gain knowledge, skills and proficiency in the
following subjects;

I. Basic knowledge and concepts in advanced reservoir optimization,

II. Linear and nonlinear reservoir modeling and parameter estimation,

II1. Least-squares, maximum likelihood, and Bayesian estimation,

IV. History matching problem,

V. Geostatistics and its use in reservoir description,

VI. Unconstrained and constrained optimization algorithms,

VII. Gradient and nongradient optimization algorithms,

VIII. Future reservoir performance prediction and assessment of uncertainty in predictions
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Odevler ve Projeler

(Homework & Projects)

Her iki haftada bir 6grencilere ddev verilecektir. Ayrica, 7 haftada
her 6grenciye bir proje konusu verilerek, bu konu iizerine ¢alisma
yaparak 14. haftada ulastiklar1 bilgileri 6zetleyecekleri yazili bir
rapor vermeleri ve s0zIlii sunum yapmalari istenmektedir.

Every two weeks homework assignments are made to students which
are to be submitted in the following two weeks. In the 7 week, each
student is assigned a term project on a specific topic related to the
course and are asked to prepare a written report summarizing their
findings and to give an oral presentation at the 14™ week.

Laboratuar Uygulamalar
(Laboratory Work)

Bilgisayar Kullanimi

Ogrencilerin ddevle ¢dziimlerinde FORTRAN, C, WORD, EXCEL,
MATLAB gibi yazilim dili ve programlarinin kullanimi tesvik
edilmektedir.

(Computer Use) The computer programming languages such as FORTRAN and C as
well as software like WORD, EXCEL, MATLAB are encouraged in
homework assignments.

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Adedi
(Quantity)

Faaliyetler
(Activities)

Degerlendirmedeki
Katkisi, %
(Effects on Grading, %)

Y1l ici Smavlar

[1)
(Midterm Exams) 1 Yo 25

Kisa Simavlar

(Quizzes)

Odevler

(1)
(Homework) 70 25

Projeler
(Projects)

Donem Odevi/Projesi

1)
(Term Paper/Project) 1 % 25

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Simavi

(1)
(Final Exam) 1 70 25
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DERS PLANI

Hafta Konular Cl?lglsllatl
1 Girig: Rezervuar optimizasyonu, temel kavramlar ve rezervuar tanimlamasi ve L1l
isletimindeki 6nemi ’
2 En kiiciik kareler ve maksimum olasilik yontemleri-I ILIII
3 En kii¢iik kareler ve maksimum olasilik yontemleri-1 11111
4 Dogrusal ve dogrusal olmayan modeller, az ve asir1 tanimli optimizasyon LI
problemleri ’
5 Bayesian yontemi; onsel bilgi ve sonsal olasilik yogunluk fonksiyonlari-1. 111
6 Bayesian yontemi; 0nsel bilgi ve sonsal olasilik yogunluk fonksiyonlari-1.1 111
7 Kisitsiz ve kisitl tarihsel ¢akistirma ve optimizasyon IV
8 Jeoistatistik ve bilesenleri-I \Y
9 Jeoistatistik ve bilesenleri-I \%
Gradyent temelli optimizasyon algoritmalar1 (Newton, Gauss Newton ve
10 VI, VII
Levenberg-Marquardt)-I
Gradyent temelli optimizasyon algoritmalar1 (Newton, Gauss Newton ve
11 VI, VII
Levenberg-Marquardt)-11
Gradyent bilgisi kullanmayan optimizasyon algorithmalari (Simplex, simulated
12 . : VI, VII
annealing, gradual deformation)
13 Gelecege yonelik performans tahmin problemi (Markov-Chain MonteCarlo, VIII
raslantisal maksimum olasilik, Kalman ve kiimeli Kalman filtresi yontemleri)-1
14 Gelecege yonelik performans tahmin problemi (Markov-Chain MonteCarlo, VIII
rastlantisal maksimum olasilik, Kalman ve kiimeli Kalman filtresi yontemleri)-1
COURSE PLAN
. Course
Weeks Topics Outcomes
1 Introduction to reservoir optimization: basic concepts and its importance for LTI
reservoir description and management ’
2 Least-squares (LS) and Maximum likelihood methods-I 11,111
3 Least-squares (LS) and Maximum likelihood methods-II 11111
4 Lin.ear' vs. non-linear models, over- and under-determined problems of LI
optimization ’
5 Bayesian methods; prior information and posterior-I. 111
6 Bayesian methods; prior information and posterior-I1. 111
7 Unconstrained vs. constrained history matching and optimization IV
8 Geostatistics and its elements-I \Y
9 Geostatistics and its elements-I1 \Y
10 Gradient methods (Newton, Gauss Newton and Levenberg-Marquardt)-I VI, VII
11 Gradient methods (Newton, Gauss Newton and Levenberg-Marquardt)-11 VI, VII
12 Non-gradient methods (Simplex, simulated annealing, gradual deformation) VI, VII
Future Performance Prediction problem (Markov-Chain MonteCarlo
13 methods, randomized maximum likelihood, Kalman and ensemble Kalman VIII
filters)-1
Future Performance Prediction problem (Markov-Chain MonteCarlo
14 methods, randomized maximum likelihood, Kalman and ensemble Kalman VIII

filters)-11
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Dersin Petrol ve Dogal Gaz Miihendisligi Programuyla iliskisi

Programin mezuna kazandiracag bilgi, beceri ve yetkinlikler (programa ait
¢iktilar)

Katki

Seviyesi

1

2

3

Yiiksek lisans diizeyi yeterliliklerine dayali olarak, alanindaki giincel ve ileri
diizeydeki bilgileri 6zgiin diisiince ve/veya arastirma ile uzmanlk diizeyinde
gelistirebilme, derinlestirebilme ve alanina yenilik getirecek 6zgiin tanimlara
ulagabilme (Bilgi).

ii.

Alaninin iligkili oldugu disiplinleraras: etkilesimi kavrayabilme; yeni ve karmagsik
fikirleri analiz, sentez ve degerlendirmede uzmanlik gerektiren bilgileri
kullanarak 6zgiin sonuclara ulasabilme (Bilgi).

iil.

Alanindaki yeni bilgileri sistematik bir yaklasimla degerlendirebilme ve
kullanabilme, yeni ve karmagsik diislincelerin elestirel analizini, sentezini ve
degerlendirmesini yapabilme, aragtirma yontemlerini kullanabilme (Beceri).

iv.

Alanina yenilik getiren, yeni bir diislince, yontem, tasarim ve/veya uygulama
gelistirebilme ya da bilinen bir diisiince, yontem, tasarim ve/veya uygulamayi
farkli bir alana uygulayabilme, 6zgiin bir konuyu arastirabilme, kavrayabilme,
tasarlayabilme, uyarlayabilme, uygulayabilme ve bagimsiz olarak gerceklestirerek
alanindaki ilerlemeye katkida bulunabilme (Beceri ve Bagimsiz Calisabilme).

Alani ile ilgili en az birer adet bilimsel makaleyi ulusal ve uluslararasi hakemli
dergilerde yayinlayarak alanindaki bilginin sinirlarii genigletebilme (Bagimsiz
Calisabilme ve Sorumluluk Alabilme Yetkinligi).

vi.

Ozgiin ve disiplinleraras1 sorunlarm ¢oziimlenmesini gerektiren ortamlarda
liderlik yapabilme (Bagimsiz Caligsabilme ve Sorumluluk Alabilme Yetkinligi).

vii.

Yaratici ve elestirel diistinme, sorun ¢6zme ve karar verme gibi iist diizey zihinsel
siiregleri kullanarak alani ile ilgili yeni diisiince ve yontemler gelistirebilme
(Ogrenme Yetkinligi).

viil.

Uluslararas1 platformlarda, uzman kisiler ile alanindaki konularin tartisilmasinda
0zgiin gorislerini savunabilme ve alanindaki yetkinligi gosteren etkili bir iletisim
kurabilme (Iletisim ve Sosyal Etkinlik).

ix.

Bir yabanci dili en az Avrupa Dil Portfoyii C1 Genel Diizeyi’nde kullanarak ileri
diizeyde yazili, sozlii ve gorsel iletisim kurabilme ve tartisabilme (iletisim ve
Sosyal Etkinlik).

Alanindaki bilimsel, teknolojik, sosyal, kiiltiirel ve etik sorunlarin ¢oziimiine
katkida bulunabilme, bu degerlerin gelisimini destekleyebilme, ilerlemeleri
tanitarak yasadigi toplumun bilgi toplumu olma ve bunu siirdiirebilme siirecine
katkida bulunabilme (Alana Ozgii Etkinlik).

xi.

Alani ile ilgili karsilagilan sorunlarin ¢oziimiinde stratejik karar verme siireclerini
kullanarak islevsel etkilesim kurabilme (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

Developing and intensifying the current and high-level knowledge in the area
with the use of original thinking and/or research processes and in a
specialistic level, based upon the competency in graduate level (Knowledge).

+

ii.

Grasping the inter-disciplinary interaction related to one’s area; reaching
original results by using the specialistic knowledge in analyzing, synthesizing
and evaluating new and complex ideas (Knowledge).

iii.

The ability to evaluate and use new information in the area with a
systematical approach, to critically analyze, synthesize and evaluate the new
and complex ideas (Skill).

iv.

Developing a new idea, method, design and/or application which brings
about innovation in the area; or, applying a conventional idea, method, design
and/or application to a different environment; researching, grasping,
designing and applying an original subject and contributing to the progress in
the area by independently carrying out a study (Skill and Competency to
Work Independently).

Expanding the limits of knowledge in the area by publishing at least two
scientific articles in each of a national and an international peer reviewed
journals (Competence to Work Independently and Take Responsibility).

vi.

Fulfilling the leader role in the environments where solutions are sought for
the original and inter-disciplinary problems (Competence to Work
Independently and Take Responsibility).

vii.

Developing area-related new ideas and methods by making use of high level
intellectual processes such as creative and critical thinking, problem solving
and decision making (Learning Competence).

viil.

The ability to establish effective communication with experts in the
international environments to discuss the area-related subjects and to defend
original opinions, showing one’s competency in the area (Communications
and Social Competency).

ix.

Proficiency in a foreign language —at least European Language Portfolio C1
Level- and establishing written, oral and visual communication and
developing argumentation skills with that language (Communications and
Social Competency).

Contributing to the solution of area-related social, scientific, technological,
cultural and ethical problems and promoting the development of these values,
contributing to the society’s state and progress towards being an information
society by announcing and promoting their developments (Area Specific
Competency).

xi.

Ability to establish effective communication in the solving of the problems
faced in the area, by using the strategic decision making processes (Area
Specific Competency).

1. Little, 2. Partial, 3. Full

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

Mustafa Onur 13/06/2011
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