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No. 1 

D e e p  l e a r n i n g ,  a  s u b s e t  o f  A I  a n d  a  d a t a - d r i v e n  a l g o r i t h m  b a s e d  o n  

a r t i f i c i a l  n e u r a l  n e t w o r k s  ( A N N s ) ,  h a s  b e e n  a p p l i e d  t o  s o l v e  v a r i o u s  o i l  a n d  

g a s  i n d u s t r y  p r o b l e m s ,  e s p e c i a l l y  o p t i m i z a t i o n  a n d  f o r e c a s t i n g .  

O p t i m i z a t i o n  a n d  f o r e c a s t i n g  a r e  t h e  e s s e n t i a l  p a r t s  o f  t h e  f i e l d  

d e v e l o p m e n t  p l a n n i n g  a n d  r e s e r v o i r  m a n a g e m e n t  s t u d i e s .  P r o p e r  d e s i g n  a n d  

d e v e l o p m e n t  o f  a  f i e l d  c a n  s u s t a i n  h y d r o c a r b o n  p r o d u c t i o n .   

T h e  r e s e r v o i r  s i m u l a t i o n  m o d e l  i s  t h e  m o s t  p o p u l a r  t o o l  f o r  c o m p l e t i n g  

t a s k s ,  s u c h  a s  w e l l  p l a c e m e n t  o p t i m i z a t i o n  a n d  f o r e c a s t i n g  r e s e r v o i r  

p e r f o r m a n c e ,  a n d  a s s i s t i n g  i n  d e c i s i o n  m a k i n g .  O p t i m i z a t i o n  o f  h o r i z o n t a l  

w e l l  p l a c e m e n t  u s i n g  r e s e r v o i r  s i m u l a t i o n ,  i n  p a r t i c u l a r,  i s  t i m e - c o n s u m i n g  

a n d  r e q u i r e s  h i g h  c o m p u t a t i o n a l  d e m a n d s  a s  t h e  n u m b e r  o f  d e c i s i o n  

v a r i a b l e s  i n  h o r i z o n t a l  w e l l  i s  s i g n i f i c a n t l y  i n c r e a s e d  c o m p a r e d  t o  v e r t i c a l  

w e l l .  A t  t h e  s a m e  t i m e ,  f o r e c a s t i n g  r e s e r v o i r  p e r f o r m a n c e  i s  c r i t i c a l ,  

e s p e c i a l l y  i n  t h e  C O 2  E O R  a n d  s t o r a g e  p r o j e c t s .  F o r e c a s t i n g  m o n i t o r s  

r e s e r v o i r  o p e r a t i o n  a n d  f a c i l i t a t e s  i n  m e a s u r i n g ,  m o n i t o r i n g ,  a n d  v e r i f y i n g  

( M M V )  o f  C O 2  s t o r a g e  a n d  o b s e r v e s  t h e  a m o u n t  o f  o i l  r e c o v e r y  o v e r  t h e  l i f e  

o f  w e l l s .  F o r e c a s t i n g  v i a  r e s e r v o i r  s i m u l a t i o n  r e q u i r e s  a  l a r g e  a m o u n t  o f  

r e s e r v o i r  d a t a  a n d  i s  l a b o r - i n t e n s i v e .  E a c h  s t e p  o f  r e s e r v o i r  s i m u l a t i o n  

e n t a i l s  n u m e r o u s  u n c e r t a i n t i e s ,  r a n g i n g  f r o m  u n c e r t a i n t i e s  i n  r e s e r v o i r  

i n p u t  d a t a  t o  t h o s e  i n  l a b o r a t o r y  s t u d i e s  t h a t  a f f e c t  r e s e r v o i r  p e r f o r m a n c e  

p r e d i c t i o n .  

A s  d i s c u s s e d  a b o v e ,  t h e  p r e s e n t  r e s e r v o i r  m o d e l i n g  p a r a d i g m  s t i l l  e m p l o y s  

a n a l y t i c a l  a n d  n u m e r i c a l  m e t h o d o l o g i e s  w i t h  a  b o t t o m - u p  a p p r o a c h .  

C o n s e q u e n t l y,  s u c h  a p p r o a c h e s  a r e  n o t  a l w a y s  p r a c t i c a l  f o r  f i e l d  

d e v e l o p m e n t  p l a n n i n g  a n d  r e s e r v o i r  m a n a g e m e n t  s t u d i e s ,  e s p e c i a l l y  i n  a  

c o n s t a n t l y  a n d  r a p i d l y  e v o l v i n g  e n v i r o n m e n t s .  T h e r e f o r e ,  t h i s  r e s e a r c h  a i m s  

t o  d e v e l o p  d a t a - d r i v e n  r e s e r v o i r  m o d e l s  a s  a n  a l t e r n a t i v e  t o  t h e  

p h y s i c s - d r i v e n  m o d e l s  i n  i n s t a n c e s  w h e r e  t r a d i t i o n a l  m o d e l i n g  i s  s l o w,  

c o s t l y,  a n d  l a b o r i o u s .  

T h e  f i r s t  s t u d y  p r o p o s e s  a  n o v e l  a p p r o a c h  f o r  q u i c k  a n d  r o b u s t  

d e c i s i o n - m a k i n g  f o r  o p t i m i z i n g  h o r i z o n t a l  w e l l  p l a c e m e n t  u s i n g  a  

d a t a - d r i v e n  a p p r o a c h  b y  e m p l o y i n g  a  d e e p  l e a r n i n g  m o d e l .  A s y n t h e t i c  

d a t a b a s e  c o m p r i s e d  o f  n i n e  f u n d a m e n t a l  p a r a m e t e r s  t h a t  i n f l u e n c e  r e c o v e r y  

m e c h a n i s m s  i n  t h i n  o i l  r e s e r v o i r s  w a s  g e n e r a t e d  t o  t r a i n  t h e  m o d e l .  T h e  

a c c u r a c y  a n d  c o m p u t a t i o n  t i m e  o f  a  d e e p - l e a r n i n g  m o d e l  t r a i n e d  o n  a  

s y n t h e t i c  d a t a b a s e  w e r e  c o m p a r e d  t o  a  n o v e l  o p t i m i z a t i o n  m e t h o d  t h a t  

c o m b i n e s  a  g e n e t i c  a l g o r i t h m  a n d  a  p a r t i c l e  s w a r m  o p t i m i z a t i o n  ( h y b r i d  



 

No. 2 

G A - P S O )  a l g o r i t h m .  T h e  d e e p - l e a r n i n g  m o d e l  p r e d i c t e d  o p t i m u m  w e l l  

p l a c e m e n t  ( h e e l  a n d  t o e  p o i n t s )  w i t h  a n  a c c u r a c y  c o m p a r a b l e  t o  t h e  h y b r i d  

G A - P S O  a l g o r i t h m .  F u r t h e r m o r e ,  t h e  p r e d i c t i o n  o b t a i n e d  b y  t h e  

d e e p - l e a r n i n g  m o d e l  t a k e s  s i g n i f i c a n t l y  l e s s  c o m p u t a t i o n  t i m e  t h a n  t h e  

h y b r i d  G A - P S O  a l g o r i t h m .   

T h e  s e c o n d  s t u d y  a i m s  t o  d e v e l o p  a  p r e d i c t i v e  a n d  r e l i a b l e  d a t a - d r i v e n  

m o d e l  f o r  f o r e c a s t i n g  t h e  f l u i d  p r o d u c t i o n  ( o i l ,  g a s ,  a n d  w a t e r )  o f  e x i s t i n g  

w e l l s  a n d  f u t u r e  i n f i l l  w e l l  f o r  C O 2  e n h a n c e d  o i l  r e c o v e r y  ( E O R )  a n d  s t o r a g e  

p r o j e c t s .  S e v e r a l  m o d e l s  w e r e  i n v e s t i g a t e d ,  s u c h  a s  a u t o - r e g r e s s i v e  ( A R ) ,  

m u l t i l a y e r  p e r c e p t r o n  ( M L P ) ,  a n d  l o n g  s h o r t - t e r m  m e m o r y  ( L S T M )  n e t w o r k s .  

T h e  m o d e l s  w e r e  t r a i n e d  b a s e d  o n  s t a t i c  a n d  d y n a m i c  p a r a m e t e r s  a n d  d a i l y  

f l u i d  p r o d u c t i o n  w h i l e  c o n s i d e r i n g  t h e  i n v e r s e  d i s t a n c e  o f  n e i g h b o r i n g  w e l l s .  

T h e  d e v e l o p e d  m o d e l s  w e r e  e v a l u a t e d  u s i n g  w a l k - f o r w a r d  v a l i d a t i o n  a n d  

c o m p a r e d  b a s e d  o n  t h e  q u a l i t y  m e t r i c s ,  s p a n ,  a n d  v a r i a t i o n  i n  t h e  

f o r e c a s t i n g  h o r i z o n .  T h e  A R  m o d e l  d e m o n s t r a t e s  c o n v i n c i n g  g e n e r a l i z a t i o n  

p e r f o r m a n c e  a c r o s s  v a r i o u s  t i m e - s e r i e s  d a t a s e t s  w i t h  a  l o n g  b u t  v a r i e d  

f o r e c a s t i n g  h o r i z o n  a c r o s s  e i g h t  w e l l s .  T h e  L S T M  m o d e l  h a s  a  s h o r t e r  

f o r e c a s t i n g  h o r i z o n  b u t  s t r o n g  g e n e r a l i z a b i l i t y  a n d  r o b u s t n e s s  i n  

f o r e c a s t i n g  h o r i z o n  c o n s i s t e n c y.  M L P  h a s  t h e  s h o r t e s t  a n d  m o s t  v a r i e d  

f o r e c a s t i n g  h o r i z o n  c o m p a r e d  t o  t h e  o t h e r  m o d e l s .  T h e  L S T M  m o d e l  e x h i b i t s  

p r o m i s i n g  p e r f o r m a n c e  i n  f o r e c a s t i n g  t h e  f l u i d  p r o d u c t i o n  o f  f u t u r e  i n f i l l  

w e l l  w h e n  t h e  m o d e l  i s  d e v e l o p e d  f r o m  a n  e x i s t i n g  w e l l  w i t h  s i m i l a r  

f e a t u r e s  t o  t h e  i n f i l l  w e l l .   

T h e  f o l l o w i n g  s e c t i o n  p r o v i d e s  a  b r i e f  e x p l a n a t i o n  f o r  e v e r y  c h a p t e r  o f  t h e  

t h e s i s .  C h a p t e r  1 :  I n t r o d u c t i o n  p r o v i d e s  t h e  b a c k g r o u n d  a n d  f o r m u l a t e s  t h e  

r e s e a r c h  p r o b l e m s .  I n  t h i s  c h a p t e r,  t h e  a i m  a n d  t h e  o b j e c t i v e s  o f  t h e  

r e s e a r c h  a r e  a l s o  p r e s e n t e d .  C h a p t e r  2 :  T h e o r e t i c a l  B a c k g r o u n d  d e s c r i b e s  

t h e  t h e o r e t i c a l  f r a m e w o r k  a n d  f u n d a m e n t a l s  o f  t h e  d a t a - d r i v e n  m o d e l s ,  

i n c l u d i n g  m o d e l  t y p e s ,  l e a r n i n g  p r o c e s s ,  e v a l u a t i o n  m e t h o d s ,  a n d  h o w  t o  

d e s i g n  a  n e u r a l  n e t w o r k .  C h a p t e r  3 :  A D a t a - d r i v e n  A p p r o a c h  f o r  O p t i m i z i n g  

H o r i z o n t a l  We l l  P l a c e m e n t  i n  T h i n  O i l  R i m  R e s e r v o i r s  U s i n g  D e e p  L e a r n i n g  

p r e s e n t s  t h e  m e t h o d s  t o  d e v e l o p  a  d a t a - d r i v e n  m o d e l  f o r  o p t i m i z i n g  

h o r i z o n t a l  w e l l  p l a c e m e n t  i n  t h i n  o i l  r i m  r e s e r v o i r s .  T h i s  c h a p t e r  a l s o  

c o m p a r e s  t h e  s o l u t i o n  q u a l i t y  a n d  e f f i c i e n c y  b e t w e e n  t h e  d e v e l o p e d  m o d e l  

a n d  t h e  h y b r i d  G A - P S O  a l g o r i t h m .  C h a p t e r  4 :  T i m e  S e r i e s  F o r e c a s t i n g  o f  

C O 2 - E O R  S t o r a g e  P r o j e c t  P e r f o r m a n c e s  U s i n g  a  D a t a - d r i v e n  A p p r o a c h  

d i s c u s s e s  t h e  d e v e l o p m e n t  o f  t i m e  s e r i e s  d a t a - d r i v e n  m o d e l  f o r e c a s t i n g  
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e x i s t i n g  w e l l  a n d  f u t u r e  i n f i l l  w e l l  p e r f o r m a n c e  i n  C O 2 - E O R  S t o r a g e  

P r o j e c t s .  I n  a d d i t i o n ,  t h i s  c h a p t e r  i n v e s t i g a t e s  v a r i o u s  t i m e  s e r i e s  m o d e l s  

a n d  e v a l u a t e s  t h e m  b a s e d  o n  t h e  q u a l i t y  m e t r i c s ,  s p a n ,  a n d  v a r i a t i o n  i n  t h e  

f o r e c a s t i n g  h o r i z o n .  C h a p t e r  5 :  C o n c l u s i o n s  a n d  R e c o m m e n d a t i o n s  c o n c l u d e s  

t h e  o u t c o m e s  o f  t h e  r e s e a r c h  a n d  r e c o m m e n d s  s o m e  i m p r o v e m e n t s  f o r  

f u r t h e r  w o r k .  
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 〇 Peer-
reviewed 
journal

Iskandar, U. P., & Kurihara, M. (2022). Long Short-term Memory (LSTM) Networks for Forecasting 
Reservoir Performances in Carbon Capture, Utilisation, and Storage (CCUS) Operations. Scientific 
Contributions Oil and Gas, 45(1), 1-18.

Academic 
Presentations

Cross-Sectional Model Simulation Using Nexus Simulator, November 2019, INPEX-SOCAR-Waseda 
Univ., Japan. 

Academic 
Presentations

The Application of Artificial Intelligence (AI) in Oil and Gas Industry for Sophomore Students, July 
2019, Faculty of Creative Science and Engineering-Waseda Univ., Japan.

Academic 
Presentations Workshop on Compositional Simulation, October 2018, INPEX-SOCAR-Waseda Univ., Azerbaijan.

Peer-reviewed 
journal

Iskandar, U. P., & Lastiadi, S. H. (2014). A systematic approach to source-sink matching for CO2 EOR 
and sequestration in South Sumatera. Energy Procedia, 63, 7750-7760.

Compositional Simulation of Gas Condensate Reservoir using CMG-GEM, November 2021, INPEX-
SOCAR-Waseda Univ., Japan

Academic 
Presentations

Academic 
Presentations

Procedure for Conducting History Matching for SOCAR Engineers, November 2019, INPEX-SOCAR-
Waseda Univ., Japan.

〇 Peer-
reviewed 
journal

Tsuchiya, T., N. Yamada, Iskandar, U. P., M. Kurihara, C. Barnes, and M. Charara. (2017) CO2 
Monitoring by Using VSP-FWI-Synthetic Study on CO2-saturation and Pressure-buildup 
Differentiation. In EAGE/SEG Research Workshop, European Association of Geoscientists & 
Engineers, pp. cp-522. 

Iskandar, U. P.,  Kurihara, M., Abe, K. (2022). A data-driven approach for optimizing horizontal well 
placement in thin oil rim reservoirs using deep learning. Journal of the Japanese Association for 
Petroleum Technology, 87(1), pp.52-68.

〇 Peer-
reviewed 
journal

Iskandar, U.P. and M. Kurihara, Time-Series Forecasting of a CO2-EOR and CO2 Storage Project 
Using a Data-Driven Approach. Energies, 2022. 15(13): p. 4768.

 Peer-reviewed 
journal

Wijayanto, T., Iskandar, U.P., Kurihara, M., Muraza, O., and Marhaendrajana, T. (2021). Application 
of functionalized cationic-acidic silica-alumina-based nanofluids for enhanced oil recovery. Journal of 
the Japanese Association for Petroleum Technology, 86(3), pp.194-204.

Proceedings Usman, Iskandar, U. P, & Sismartono, D. (2019). A Novel Development Concept for CO2-EOR in 
South Sumatra. The 2019 IPA Convention and Exhibition. IPA19-BC-572.

〇Proceedings
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Practical 
Experience 

May 2018 – February 2019, CTC, reservoir engineer and investigative researcher, implementing 
artificial intelligence (AI) in reservoir simulation, and presenting joint research results.

Practical 
Experience 

October 2018, INPEX, SOCAR and Waseda University, reservoir engineer and lecturer, preparing the 
material and conducting the demonstration for the workshop of compositional simulation for young 
engineers.

Practical 
Experience 

January – November 2019, investigative researcher, supervising postgraduate and undergraduate 
students at Kurihara Lab. For the implementation of Artificial Intelligence (AI) on their researches.

Educational 
Activities Supervising research for graduate student, 2020, Thong-On Oranich. 

Practical 
Experience 

September – November 2021, INPEX, SOCAR and Waseda University, instructor, preparing the 
exercise problems for the trainees, assisting the trainees to solve the problems, giving presentations 
associated with the training, and providing the operational necessities.  

Practical 
Experience 

September – November 2019, INPEX, SOCAR and Waseda University, instructor, preparing the 
exercise problems for the trainees, assisting the trainees to solve the problems, giving presentations 
associated with the training, and providing the training logistics and operational necessities

Educational 
Activities Supervising research for graduate student, 2021, Kanai Yuri. 

Educational 
Activities Supervising research for undergraduate student, 2021, Kazuki Abe. 

Educational 
Activities Supervising research for undergraduate student, 2021, Masaki Funahasi. 

Academic 
Presentations

History Matching Demonstration: Black Oil Type Reservoir Using CMG-IMEX, May 2017, Baku 
Higher Oil School, Azerbaijan.

Academic 
Presentations CO2 Storage Study in Saline Aquifers, April 2017, Mitsubishi Materials Corporation, Japan.

Co-optimization of CCS-EOR under Uncertainty, March 2017, LEMIGAS, Indonesia.
Academic 

Presentations

Academic 
Presentations Implementation of AI for CCS-EOR Strategies, August 2018, CTC, Japan.

Academic 
Presentations

Demonstration of PVT Simulation Using Winprop and Compositional Simulation Using CMG-GEM, 
September 2017, INPEX-SOCAR-Waseda Univ., Japan.

Academic 
Presentations

Carbon Capture and Storage Overview, July 2017, Abu Dhabi Petroleum Institute – Waseda Univ., 
Japan.
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Joint Research
Maintaining the cooperation with Sciencesoft, a Scottish company and a world leader in 3D 
visualisation and analysis software for the global oil and gas industry, to provide free licenses and use 
their software in our laboratory

Practical 
Experience 

September 2017, INPEX, SOCAR and Waseda University, reservoir engineer and lecturer, preparing 
the material and conducting the demonstration for the workshop of PVT simulation using Winprop and 
compositional simulation using CMG-GEM for condensate field.

Practical 
Experience 

January – July 2017, NC Geophysical Survey Co., Ltd, Mitsubishi Materials Corporation and Waseda 
University, reservoir engineer and investigative researcher, performing simulation, reporting and 
presenting the joint research results. 

Practical 
Experience 

May 2017, Baku Higher Oil School, INPEX, and Waseda University, reservoir engineer and lecturer, 
preparing the material and conducting the demonstration for the workshop of history matching using 
CMG-IMEX

Educational 
Materials 
Created

Exercise Problems and Example Solutions of Compositional Simulations, Kurihara Laboratory, 
September 2019.

Educational 
Materials 
Created

Exercise Problems and Example Solutions of Compositional Simulations, Kurihara Laboratory, October 
2018.

Joint Research Initiated a cooperation with Rock Flow Dynamics a leading software provider from Russia for 
simulation in Oil and Gas Industry to provide free licenses and use their simulator in our research.

Educational 
Materials 
Created

Exercise Problems and Example Solutions of CO2 EOR and Gas Condensate Simulations, Kurihara 
Laboratory, September 2021.


