3rd IFAC Workshop on
Automatic Control in
Offshore Oil and Gas

Production
(OOGP 2018)

IFAC PapersOnline Volume 51, Issue 8

Esbjerg, Denmark
30 May — 1 June 2018

Editor:

Sigurd Skogestad

ISBN: 978-1-5108-6778-9



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2018) by IFAC (International Federation of Automatic Control)
All rights reserved.

Printed by Curran Associates, Inc. (2018)

For permission requests, please contact the publisher, Elsevier Limited
at the address below.

Elsevier Limited
360 Park Ave South
New York, NY 10010

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

OIL PRODUCTION OPTIMIZATION OF SEVERAL WELLS SUBJECT TO CHOKE

DEGRADATION ..ttt bbb e b et e b e e s e e b e e h b e A b £ o8 b e b e 4 h b e b £ e b e e R e e R b e b e e s b e ab e e b e s b e e hn e e bt e b e nbeann e 1
Adriaen Verheyleweghen, Johannes Jéschke

A LEAST SQUARES METHOD FOR ENSEMBLE-BASED MULTI-OBJECTIVE OIL

PRODUCTION OPTIMIZATION .ottt ettt b bbb b e se e sb e e s e e b e e ab e s be e b e e abeemeenbeebeeabeenrenbeannens 7
L. H. Christiansen, Steen Harsholt, J. B. Jgrgensen

NONLINEAR MODEL PREDICTIVE CONTROL OF AN OIL WELL WITH ECHO STATE

NETWORKS. ...ttt bbbttt b b b e bkt e b e b b A E b eeh b e b e e b bt A b e bttt e b bt e bt e bt b e et e b e bt b e 13
Jean P. Jordanou, Eduardo Camponogara, Eric Aislan Antonelo, Marco Aurélio Schmitz Aguiar

GAS-LIFT OPTIMIZATION BY CONTROLLING MARGINAL GAS-OIL RATIO USING

TRANSIENT MEASUREMENTS ..ottt sttt s e et e e st e e sbeeanbeesbeeesteesnbeebeesraeenneeans 19
Dinesh Krishnamoorthy, Esmaeil Jahanshahi, Sigurd Skogestad
FAST ECONOMIC MODEL PREDICTIVE CONTROL FOR A GAS LIFTED WELL NETWORK .......c.ccoveee... 25

Eka Suwartadi, Dinesh Krishnamoorthy, Johannes Jaschke

MODIFIER ADAPTATION FOR REAL-TIME OPTIMIZATION OF A GAS LIFTED WELL

] YT @ T PSPPSR 31
José O. A. Matias, Galo A. C. Le Roux, Johannes Jaschke

LIMITATIONS OF TOPSIDE ACTUATION FOR REJECTING HEAVE-INDUCED PRESSURE

OSCILLATIONS IN OFFSHORE DRILLING ... ..ooiiiiiieiie sttt sttt sttt ssae et sneeenneesnaeeteesnseenneeaneas 37
Timm Strecker, Ole Morten Aamo

IMPROVED KICK AND LOSS DETECTION AND ATTENUATION IN MANAGED PRESSURE

DRILLING BY UTILIZING WIRED DRILL PIPE ... ..ottt snae et e e nnaeananennee s 44
Haavard Holta, Henrik Anfinsen, Ole Morten Aamo

MODEL ORDER REDUCTION FOR MANAGED PRESSURE DRILLING SYSTEMS BASED ON

A MODEL WITH LOCAL NONLINEARITIES ..ottt sttt sb st se b nns 50
S. Naderi Lordejani, B. Besselink, M. H. Abbasi, G.-O. Kaasa, W. Schilders, N. Van De Wouw

REAL-TIME RATE OF PENETRATION OPTIMIZATION OF AN AUTONOMOUS LAB-SCALE

RIG USING A SCHEDULED-GAIN PID CONTROLLER AND MECHANICAL SPECIFIC

L A o ST 56
Enrique Z. Losoya, Eduardo Gildin, Samuel F. Noynaert

DESIGN PRINCIPLES BEHIND THE CONSTRUCTION OF AN AUTONOMOUS

LABORATORY-SCALE DRILLING RIGi......iciciiiiie sttt ettt a st stv e ta e st e e saaesnaeeteesnsaannaesnaeesneesnseenns 62
Erik A. Loeken, Alexander Trulsen, Andrew M. Holsaeter, Ekaterina Wiktorski, D. Sui, Robert Ewald

DESIGN OF SEMI-PHYSICS SIMULATION TRAINING SYSTEM FOR OFFSHORE DRILLING

ELECTRICAL ENGINEERS ... oottt ettt s he e h e e a e et e e s te e nneeanbe e s be e e teesnseenbeeenee s 70
Yang Qin, Xin Zuo, Xiaoyong Gao, Aiguo Jiang, B. Yan, Fei Lei

PRODUCTION OPTIMIZATION OF A RIGOROUS THERMAL AND COMPOSITIONAL

RESERVOIR FLOW MODEL ...ttt ettt e e s tae et e smte e teeaseaessaeanteesaeestaeaneeanteenseeeaeesnneensenanens 76
Tobias K. S. Ritschel, John Bagterp Jgrgensen

IMPROVED SURFACE-SUBSURFACE COUPLED RESERVOIR SIMULATION USING

AUTOMATIC PID CONTROL ..ottt st a et e s bt e b s ke e st e s b e et be e s e nb e e raesbeenbenneenes 82
Brian S. Redick, Eduardo Gildin

OIL PRODUCTION OPTIMIZATION OF BLACK-OIL MODELS BY INTEGRATION OF

MATLAB AND ECLIPSE E300 .....coiitiiiiieiieiit ettt siee st esteseteesiteabeestaeesteessseaseesseeesseeanseessesasseesssesnsesssesesessnseansesaneees 88
S. Harsholt, H. M. Nick, J. B. Jgrgensen

COMPUTATION OF PHASE EQUILIBRIUM IN RESERVOIR SIMULATION AND

(O ] I 11V 727 I T LSO 94
Tobias K. S. Ritschel, John Bagterp Jgrgensen

SCENARIO-BASED ROBUST OPTIMIZATION OF WATER FLOODING IN OIL RESERVOIRS

ENJOYS PROBABILISTIC GUARANTEES ...ttt sttt st a st anean 102
M. Mohsin Siraj, M. Bahadir Saltik, Paul M. J. Van Den Hof, Sergio Grammatico

SOFTWARE FOR EVALUATING IPR COMPOSITE IN GROUPED SUBSATURATED

LR = A ] | 8 TSR RRS 108
Eduardo Mascarenhas, Oseias Alves Pessoa

MODEL-BASED AND MODEL-FREE OPTIMAL CONTROL OF A GAS LIQUID CYLINDRICAL

(O O T N USSP RTRPRI 113
Sveinung Johan Ohrem, Torstein Thode Kristoffersen, Christian Holden



SLUG HANDLING WITH A VIRTUAL HARP BASED ON NONLINEAR PREDICTIVE

CONTROL FOR A GRAVITY SEPARATOR ..ottt sttt se ettt e sste et e snae e ntaesnaeeteenneaannaeaneeennaennseenns 120
Christoph Josef Backi, Dinesh Krishnamoorthy, Sigurd Skogestad
CONTROL PARINGS OF A DE-OILING MEMBRANE PROCESS .......cci oottt svs et sae e 126

Kasper L. Jepsen, Leif Hansen, Zhenyu Yang
HYDROCYCLONE SEPARATION EFFICIENCY MODELED BY FLOW RESISTANCES AND

DROPLET TRAJECTORIES ... .ot bbb bbb bbb bbb e e b e e neabeanrs 132
Mads Valentin Bram, Leif Hansen, Dennis Severin Hansen, Zhenyu Yang
MODELING AND CONTROL OF AN INLINE DEOILING HYDROCYCLONE .......ccccooiiiiiirieieneie e 138

Tamal Das, Johannes Jaschke

PLANT-WIDE OPTIMAL CONTROL OF AN OFFSHORE DE-OILING PROCESS USING MPC

TECHNIQUE ... h etk b b etk e e R bt e h e b e e bt oAb e eh £ e b e e b e oAb e eh b e e b e e b e e bt eheenbesbe e besbeenbenbeen 144
Leif Hansen, Petar Durdevic, Kasper L. Jepsen, Zhenyu Yang

APPLIED NONLINEAR COMPRESSOR CONTROL WITH GAIN SCHEDULING AND STATE

ESTIIMATION L.ttt bbbt h e b e a b e b e e s s b e e R b oAb e e b s e R e ea b e e bt e h e e e Rt e bt s bt e s e e b e eab e b e n b e ne e s 151
Njal Tengesdal, Torstein Thode Kristoffersen, Christian Holden
ASSESSMENT OF FLEXIBLE OPERATION IN AN LNG PLANT ..ottt 158

Ying Ying Xuan, John Pretlove, Nina Thornhill

THE EXTENDED KALMAN FILTER FOR STATE ESTIMATION OF DYNAMIC UV FLASH

PROGCESSES ...ttt b ettt b et e bt a1 e e bt e h e o bt e s e e e bt eR b e A b e e h £ e b e 4R b e A b e e E e e b e e R e e eb e e R b e Rt e b e bt e R e e bt e Re e bt e b et anran 164
Tobias K. S. Ritschel, John Bagterp Jgrgensen

POTENTIAL FOR REAL-TIME MONITORING AND CONTROL OF DISSOLVED OXYGEN IN

THE INJECTION WATER TREATMENT PROCESS .......c.oooiiieie it 170
Petar Durdevic, Chitra S. Raju, Zhenyu Yang

PLANT WIDE OIL AND GAS SEPARATION PLANT OPTIMISATION USING RESPONSE

SURFACE METHODOLOGY ...ttt sttt sttt sttt sttt be et e s bt e e e sbeesbesb £ e b e e ke et e sbeesbeebeenbesbeesneabeenbesneenes 178
Anders Andreasen, Kasper Rgnn Rasmussen, Matthias Mandg

DERIVATIVE-FREE OPTIMIZATION OF OFFSHORE PRODUCTION PLATFORMS SHARING

A SUBSEA GAS NETWORK ...ttt bttt b bt h et b bbbt b b e et et e e bt bt r e ebeane e 185
Eduardo Camponogara, Amanda S. Machado, Thiago L. Silva, Caio M. Giuliani, B Vieira, Alex F. Teixeira

A MACHINE LEARNING APPROACH FOR VIRTUAL FLOW METERING AND

FORECASTING ...ttt et e e ettt s b e e e e bt e e e e bt e e e s abe e e e teeeeasteeeesabaee e teeeeassbeeesabeeeaasseeeassbeeesabeeeantaeeanes 191
Nikolai Andrianov
PHYSICAL-STOCHASTIC (GREYBOX) MODELING OF SLUGGING.......ccceiiiiiieie et 197

Jan Kloppenborg Mgller, Goran Goranovic, Niels Kjglstad Poulsen, Henrik Madsen
OIL PRODUCTION MONITORING AND OPTIMIZATION FROM PRODUCED WATER
ANALYTICS; A CASE STUDY FROM THE HALFDAN CHALK OIL FIELD, DANISH NORTH

Niels H. Schovsbo, Sofie N. Gottfredsen, Karen G. Schmidt, Thomas M. Jgrgensen

MANAGEMENT OF SYSTEM COMPLEXITY IN HAZOP FOR THE OIL &GAS INDUSTRY .......cccoeeviineens 211
J. Wu, M. Lind

RELIABILITY IMPROVEMENT OF COMPRESSORS BASED ON ASSET FLEET RELIABILITY

F. Schulze Spintrup, J. G. Londofio, C. Skourup, N. F. Thornhill, L. Imsland
ON-LINE FAULT DIAGNOSIS OF PRODUCED WATER TREATMENT WITH MULTILEVEL

FLOW MODELING ..otttk bbb bbbt b bt bbbt b bt bt et n e e et e bt 225
Emil Krabbe Nielsen, Stefan Jespersen, Xinxin Zhang, Ole Ravn, Morten Lind
BENCHMARKING OF INDUSTRIAL STICK-SLIP MITIGATION CONTROLLERS..........cccooeiiiiiiiiniceen 233

UIf Jakob F. Aarsnes, Florent Di Meglio, Roman J. Shor

FLEXIBLE ARCHITECTURE FOR TRANSPARENCY OF A BILATERAL TELE-OPERATION

SYSTEM IMPLEMENTED IN MOBILE ANTHROPOMORPHIC ROBOTS FOR THE OIL AND

GAS INDUSTRY .ottt ettt e sttt et e st e et e e s te e e teeasee e beeaRee e seeasteesteeasseeseeanbe e seeanteeaaseenteeaseeesseenneeentaenreennneenns 239
José E. Naranjo, Erika C. Lozada, Hugo I. Espin, Carmen Beltran, C. Garcia, Marcelo V. Garcia

HOVERING CONTROL FOR AUTOMATIC LANDING OPERATION OF AN INSPECTION

DRONE TO A MOBILE PLATFORM ..ottt sttt st st sb st sbe e b e s be et sbe e e sbeenaesbeenbenbaenaentean 245
Shaobao Li, Petar Durdevic, Zhenyu Yang

SMART-SPIDER: AUTONOMOUS SELF-DRIVEN IN-LINE ROBOT FOR VERSATILE

L L =8 I N NI T O I T SRS 251
Ying Qu, Petar Durdevic, Zhenyu Yang
SIMPLIFIED MODELLING AND IDENTIFICATION OF AN INSPECTION ROV.....coccoiiviiiiieeceeee e 257

Thomas Thuesen Enevoldsen, Emil Mar Einarsson, Simon Pedersen, Zhenyu Yang
Author Index





