TABLE OF CONTENTS

APPROVAL PAGE ..o i
SELF DECLARATION AGAINST PLAGIARISM .....cccoiiiiiiniiiincinccciene i
ABSTRACT ..ottt ettt il
ABSTRAK ...ttt v
DEDICATION ...ttt ettt st v
ACKNOWLEDGMENTS ...ttt vi
TABLE OF CONTENTS ......ooiiiiiiiiiinnnseseeeestetetee ettt vii
FIGURE LIST ...ttt X
LIST OF TABLES ...ttt ettt et e e e xii
CHAPTER I INTRODUCTION .....ocuiiiiiiiiieiiieteeteeeeeeeee et 1
L1, Back@round .......c.ccoooiieiiiiiee e 1
1.2, Problem IdentifiCation ............ccccouevieieieieiiiiicieeceee e 3
R TR 0 1) 15107 5 <SS UPR 5
1.4, Expected RESUIt.....ccccooiiiiiiiiiiiiiieteeeee e 6
1.5, ScOPe OF WOTK...ooouiiiiieiecieece e 7
1.6. Research Methodology ........cccueeiiieiieiiiiiiee e 8
CHAPTER 1I POTENTIAL AND PREVENTION OF HYDRATE IN
DEEPWATER GAS PRODUCTION......ccoiiiiiiiiiiiieieieeeeeeeeeeeeeee e 11
2.1  Hydrate Formation in Deepwater Gas Production...........cccccoceevenuennene. 13
2.2 Control Systems for Hydrate Prevention ...........ccccccceeeevirienenieniennnn 19
2.2.1 Traditional Control Methods: Manual and PID Controllers................... 21
2.2.2 Advanced Control Systems: Fuzzy Logic and ANFIS .........c.ccceeueeee. 22
2.2.3 Application of Control Systems in Hydrate Management..................... 24
2.3 FUZZY LOZIC ittt 25

vil



2.3.1 Fuzzification, Fuzzy Knowledge Base, Decision Making and

DefuzzZifICAtION ......oviiiiiieiiicriccc e 30
2.4 ANFIS (Adaptive Network-based Fuzzy Inference System)................. 32
2.5  PID (Proportional-Integral-Derivative)..........cceevveerveenreeerieesreeesiveens 36
CHAPTER I SYSTEM DESIGN ....c.ooiiiiiiiiiiiiiieicieieceeeeeeteeee e 39
3.1  Existing MEG Injection SyStem .........cccceveieeiiieiienienieeiiesiie e 39
3.2 Design of Control SYStem .........ccevvuieiieiiiiiieii et 42
3.3 Generate ANFIS Model .......c.ocooiiiiiiiiiiiiiiiiiicececeeee, 43
3.3.1 ANFIS genfis1 (Grid Partitioning) .........ccceccveevveevveerreenieeieenieeseeeveenens 43
3.3.2 ANFIS genfis2 (Subtractive CIUStering)........ccccovvereervirerieeniesieeieennans 44
3.3.3 ANFIS genfis3 (Fuzzy C-Means CIUStering)..........cceeeeeveeevueenveesueennnns 44
3.3.4 The Workflow for Generating ANFIS Model.........c..cccooviiniininninnnn. 44
3.4 Data Training Design for ANFIS ... 46
3.5 Data Testing Design for ANFIS.......ccooiiiiiiiiiiieeeee, 47
3.6  Transfer Function Development for the Existing Plant ........................ 48
3.6.1 Data Collection and Preparation for Generating Transfer Function...... 48
3.6.2 System [dentifiCation ...........cccceeveveieiiiieiiie e 49
3.6.3 Validation and Performance............cccceevueieiiieiniiniiieicicccceceeeee, 49
3.6.4 Tuning the PID Controller ...........cccoevieriiriieiiierieecieeieeeeee e 49
3.7  Evalution of Model System...........ccceveeruiririieneiiiniiieeeeeieeeee e 50
3.7.1 Evaluation of ANFIS Models........cccoviiiiniiiiniiiiiiicececeee, 50
3.7.2 Evaluation of ANFIS-PID Models.......cc.ccceeveminiininiininiciiniecneenne. 51
CHAPTER IV RESULTS AND DISCUSSION.......ccceeiiiririiniinieneeieneeeneene 52
4.1 Dataset DeSCriPtion .....cecueeruierieeiieiieeiie ettt 53
4.2 Generation ANFIS Models with Feature Selection and Hyperparameter
TUNIIIE ettt et et e et e e e et e e ne e et e eneeeneas 55
4.2.1 genfisl with Feature Selection (Grid Partitioning)..........c.cccocveevevveenenenns 55
4.2.2 genfis2 with Hyperparameter Tuning (Subtractive Clustering) .............. 62
4.2.3 genfis3 with Hyperparameter Tuning (Fuzzy C-Means Clustering)....... 69
4.3  Generation Transfer Function of Existing MEG System............cc.c....... 76

viil



4.4

Comparison of ANFIS Models/ Comparative Analysis of genfisl,

genfis2, and Genfis3.......ooi i 77
4.4.1 Key ODSCIVAIONS ....ccvvieevieiieiiieeiiieteesteeeieeeereereesteeeseereesaeeseseeereeseesenas 79
4.4.2 Implications for Hydrate Management ...............cccooovveveenueenneecneenneennen. 81
4.4.3 Adapting to MKS-7 Well’s Operational Conditions.............c..cceeueenne.. 81
4.4.4 Discrepancies between Predicted and Actual Values ...........ccoecvvennenee. 82
4.5  Validation of Transfer Function Existing MEG System...........c............ 83
4.5.1 Tuning the PID Controller ..........cocoeiiiiiiiiiiiieeeeeee e, 86
4.6  ANFIS-PID Control SYSteM ......ccccuievviieeriieiiieeiieesiee e eieeeeneeesevee e 87
4.6.1 Performance of ANFIS-PID Controller..........ccceceviriininicnenicniennne 88
4.7  Performance ANFIS-PID Control System for Hydrate Management.... 91
CHAPTER V CONCLUSIONS AND RECOMMENDATIONS .......cccceoveninnnne 93
5.1 CONCIUSIONS ..einviniiniiiiieictete ettt 93
5.2 RecoOMMENAAtION ...c..evuiiiiriiiiiniieiesieeesie et 95
REFERENCES ..ottt 98

X



