Society of Petroleum Engineers

SPE Reservoir Simulation
Symposium
2009

February 2-4, 2009
The Woodlands, Texas, USA

Volume 1 of 2

Printed from e-media with permission by:

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

ISBN: 978-1-60560-777-1

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


http://www.proceedings.com/

Copyright and Use Restrictions
Copyright 2009, Society of Petroleum Engineers

Material included in this Proceedings is copyright protected. Electronic reproduction, distribution, or storage of any part of a
SPE-copyrighted paper for commercial purposes without the written consent of the Society of Petroleum Engineers is prohibited.
Permission to reproduce in print is restricted to an abstract of not more than 300 words; illustrations may not be copied. The abstract
must contain conspicuous acknowledgment of where and by whom the paper was presented. For photocopying beyond the above
permissions, libraries and other users dealing with the Copyright Clearance Center (CCC) Transactional Reporting Service must pay
a base fee of $3 per copyrighted article plus $0.25 per page to CCC, 222 Rosewood Drive, Danvers, Massachusetts 01923 U.S.A.
For other permissions, contact Librarian, SPE, 222 Palisades Creek Drive, Richardson, Texas 75080-2040 U.S.A.

Use of SPE member or author contact information included in these ProceedingsCD for commercial purposes or reproduction of that
information in whole or in part, in any form or medium, is strictly prohibited and subject to legal action. Contact SPE to inquire about
rental of mailing lists.

Permission to print and distribute content from this product must be obtained from SPE. Duplication of replication products is absolutely
prohibited without written permission from SPE and Adobe. Adobe, the Adobe logo, and Reader are either registered trademarks or
trademarks of Adobe Systems Incorporated in the United States and/or other countries.

3 ‘\‘-
‘SPE !;
-\JEIBFHB“O nal
-,




TABLE OF CONTENTS

Volume 1

SPE 117819 Exploiting Transform-Domain Sparsity in Reservoir History Matching ..........cccccocveviiviinnnnn, 1
Behnam Jafarpour, Vivek K. Goyal, Dennis B. McLaughlin, William T. Freeman

SPE 118223 A Multidomain Approach to Multiscale Compositional Reservoir Simulation...................... 22
Mohammad F. Al-Matrouk, Mohammed Al-Kobaisi, Hossein Kazemi, Erdal Ozkan

SPE 118684 Parallelization of a Commercial Streamline Simulator and Performance on
[ = 103 1 Toz=1 IV, (00 (=] TR 36
R.P. Batycky, M. Forster, M.R. Thiele, K. Stiiben

SPE 118709 The Pains and Gains of Experimental Design and Response Surface
Applications in Reservoir SIMUlation STUAIES ..o 46
C. Amudo, T. Graf, R. Dandekar, J.M. Randle

SPE 118712 A Quantitative and Qualitative Comparison of Coarse Grid Generation
Techniques for Numerical Simulation of Flow in Heterogeneous Porous Media..........c..cccocvveeiviviineiieinns 55
P. Mostaghimi Qomi, H. Mahani, B. Firoozabadi

SPE 118722 Studies of Robust Two Stage Preconditioners for the Solution of Fully Implicit
MUIEIPNASE FIOW PrODIBMIS ......viiiieite bbbttt 74
Tareq M. Al-Shaalan, Hector Klie, Ali H. Dogru, Mary F. Wheeler

SPE 118752 Towards a New Generation of Physics-Driven Solvers for Black-Oil and
Compositional FIOW SIMUIATION ...........ooiiiii e bbbt se s 86
Hector Klie, Jorge Monteagudo, Hussein Hoteit, Adolfo Rodrigue

SPE 118808 Well Placement Optimization Using a Genetic Algorithm with Nonlinear

(@0 013 4 =T o] £SO URSP 98
Alexandre A. Emerick, Eugénio Silva, Bruno Messer, Luciana F. Almeida, Dilza Szwarcman, Marco
Pacheco, MarleyVellasco

SPE 118818 Stochastic Inversion for Reservoir Properties Using Parallel Learning-Based
VFSA and Pilot POINt PArameteriZation ...........ccocooeiiiieiiiieise ettt neene s 118
Long Jin, Paul L. Stoffa, Mrinal Sen

SPE 118830 Efficient Simulation for Low-Salinity Waterflooding in Porous and Fractured
RESEIVOITS ...teiteiie ettt st te et e s b e e te e ebe e e be e beeabeetbe st e e sbe e beebeeseesaeesaeeebeeabeenbeesbesteesbeesbeesbeestesneesaes 126
Yu-Shu Wu, Baojun Bai

SPE 118833 Integrated Reservoir Simulation and Basin Models: Reservoir Charging and
L L Lo YD d T [OOSR USROS 139
Zhangxin Chen, Hongsen Chen, Dan Carruthers, Guogiang Zhou

SPE 118839 Embedding a Petroelastic Model in a Multipurpose Flow Simulator to

Enhance the Value 0 4D SEISIMIC........cccuiiiiiiiiiieisiiee sttt ettt sa e abe st ans 149
John R. Fanchi

SPE 118840 Field Development Optimization Applied to Giant Oil Fields.........ccccccoceveviviviiricecicrecen, 160
Michael Litvak, Patrick Angert

SPE 118845 Equivalent Well Block Radius for Three Dimensional FIOW............ccccccoeviininiincnnicne, 168
Ali H. Dogru

SPE 118847 Parallel Numerical Reservoir Simulations of Non-Isothermal Compositional
FIOW @NA CRBIMISTIY ...ttt bbbt b et et e b eb e s ke bt b e e Rt e s b e ne e b e nbeeb e st e s bt ebeene et e 196
M. Delshad, S.G. Thomas, M.F. Wheeler

SPE 118850 Black Oil Delumping: Running Black Oil Reservoir Simulations and Getting
Compositional Wellstreams in the North Kuwait Jurassic COmMpIeX ........ccccovvivivereniniennsinnieseeeeseseniens 209
Kassem Ghorayeb, Manoch Limsukhon, Qasem Dashti, Rafi Mohammad Aziz



SPE 118877 Determination of Active Constraints in @ NETWOIK........c.c.oovceieiiciiie et 218
J. W. Watts, G. C. Fleming, Q. Lu

SPE 118879 History Matching Using a Hierarchical Stochastic Model with the Ensemble

Kalman Filter: A Field Case STUAY ...ttt ae e 230
Yanfen Zhang, Dean S. Oliver
SPE 118893 Practical and Robust Isenthalpic/lIsothermal Flashes for Thermal Fluids ...........c..cccoveue...e. 245

Terry W. Stone, James S. Nolen

SPE 118900 History Matching of Hydrate Formation and Dissociation Experiments in
POTOUS IMIBAIA.....cuviiiee ittt ettt st b e et e et e et e e tb e et s e st e e s beesbeeabesaeesaeeabeeabeeabeenbesbeesbeesbeesbeesbesnneanes 264
J. Phirani, R. Pitchumani, K.K. Mohanty

SPE 118906 Advanced Reservoir Management Workflow Using an EnKF Based Assisted

HiStory MatChing IMELNOMO .........couoiii bbb bbbt et e e e 284
A. Seiler, G. Evensen, J.-A. Skjervheim, J. Hove, J.G. Vabg

SPE 118909 Modeling Well Inflow Control with Flow in Both Annulus and Tubing.........c.cccceeeienenn. 302
K. Neylon, E. Reiso, J.A. Holmes, O.B. Nesse

SPE 118915 Scale Up Methodology for Wettability Modification in Fractured Carbonates................... 315

Mojdeh Delshad, Nariman Fathi Najafabadi, Kamy Sepehrnoori

SPE 118916 Automatic History Matching of Production and Facies Data with Non-
stationary Proportions USING ENK ...t sre i 330
Chinedu C. Agbalaka, Dean S. Oliver

SPE 118924 Massively Parallel Sector Scale Discrete Fracture and Matrix Simulations......................... 344
S. Geiger, Q. Huangfu, F. Reid, S. Matth&i, D. Coumou, M. Belayneh, C. Fricke, K. Schmid

SPE 118926 Ensemble-based Closed-loop Optimization Applied to Brugge Field...........cc.ccoovviieinnenn. 359
Yan Chen, Dean S. Oliver

SPE 118942 An Iterative Algorithm for Generating Constrained Voronoi Grids ..........cccccceeevvivininenn, 381

Markus Katzmayr, Leonhard Ganzer

SPE 118946 Efficient and Accurate Reservoir Modeling Using Adaptive Gridding with
(€1 Lo] o F= LIS Tor: 1= U 1SS PR 392
Larisa V. Branets, Sartaj S. Ghai, Stephen L. Lyons, Xiao-Hui Wu

SPE 118948 Field Applications of Waterflood Optimization via Optimal Rate Control
WWIEH ST WWELIS ...ttt ettt et et e st e e be e e e be e e ebe e e beeeabeeeebaeanbessbeeenbesebeesnreeanes 403
Ahmed H. Alhuthali, Akhil Datta-Gupta, Bevan Yuen, Jerry P. Fontanilla

SPE 118950 A Dual Scale Approach to Production Data Integration into High Resolution
(C1To] (o]0 TToR 1V, oo [=1 SRS 424
Jong Uk Kim, Akhil Datta-Gupta

SPE 118951 Development of a Reservoir Simulator for Souring Predictions...........ccocccoevvvivvicinininenn, 441
M. Farhadinia, S. Bryant, K. Sepehrnoori, M. Delshad

SPE 118952 History Matching With Parametrization Based on the SVD of a Dimensionless

SENSTLIVITY IMALIIX ...ttt et bbbt bbbttt b etk bt et b et et b et 455
Reza Tavakoli, Albert C. Reynolds
SPE 118958 Numerical Simulation of the In-situ Upgrading of Oil Shale...........ccccccoo i, 477

Y. Fan, L. J. Durlofsky, H. Tchelepi

SPE 118963 Data Assimilation of Coupled Fluid Flow and Geomechanics via Ensemble
KAIMEAN FIITEE ...ttt bbb bR bt b s bt s et e s et et n s b et e neann 494
Haibin Chang, Yan Chen, Dongxiao Zhang

SPE 118964 Stochastic Collocation Methods for Efficient and Accurate Quantification of
Uncertainty in Multiphase Reservoir SIMUIAtIONS ..........cccoviviiiicieice e 509
Heng Li, Haibin Chang, Dongxiao Zhang



SPE 118966 An Object-Oriented Approach to Goal-Based Well Management ...........cccccoocvvvvevvnnnnenns 521
J. E. Davidson, Y. Yang, S. Netemeyer, A. Banki, L. Do

SPE 118969 Feedback Controllers for the Simulation of Field Processes..........ccccocvviiiivieesiiee v, 532
B. Glyaguler, A.T. Papadopoulos, J.A. Philpot

SPE 118973 Local Parameterization of Geostatistical Realizations for History Matching ............c......... 550
D-Y. Ding, F. Roggero

SPE 118975 Randomized Maximum Likelihood with Permeability Samples Generated by a
(g <o [Tod (o] g @Xo o <Tox (o] g IN-Tod o] 0 T U1 S 567
T. Feng, T. Mannseth, S. Aanonsen

SPE 118977 Experience With Numerical Stability, Formulation and Parallel Efficiency of
Adaptive IMPHCIE METNOUS ..ot bbb et sb e et b e et bt 576
P. Lu, J.S. Shaw, T.K. Eccles, 1.D. Mishev, B.L. Beckner

SPE 118979 Multipoint Flux Approximations via UpPSCaling ..........cccceiriininieiininies e 586
R. Potsepaev, C.L. Farmer, A.J. Fitzpatrick

SPE 118983 Multiphase, 3-D Flow Simulation with Integrated Upscaling, MPFA

Discretization and AAPLIVITY .....c.ccoiiiiiiiie ettt re e r et e 594
J.V. Lambers, M.G. Gerritse,n D. Fragola

SPE 118985 Modeling Polymer Flood in an Unstructured Grid Simulator.........cc.cccccovvvivviviniincivcnerennn, 606
Santosh Verma, Bhargaw Adibhatla, Robert Kaminsky, Chick Wattenbarger, Jeff Davidson

SPE 118993 A Multiscale Mixed Finite-Element Solver for Three-Phase Black-Oil Flow....................... 620
S. Krogstad, K.—-A. Lie, H. Mgll Nilsen, J. R. Natvig, B. Skafl, J. E. Aarnes

SPE 118994 Adaptive Local-Global VCMP Methods for Coarse-Scale Reservoir Modeling .................. 633

T. Chen, M. G. Gerritsen, L. J. Durlofsky, J. V. Lambers

SPE 118996 General Nonlinear Solution Strategies for Multi-phase Multi-Component EoS
BaSEA SIMUIATION ......veuiiiiiciee bbbttt b bt n et b et nn e ana 649
D.V. Voskov, R.M. Younis, H.A. Tchelepi

SPE 118999 Detailed Near-well Darcy-Forchheimer Flow Modeling and Upscaling on
0 BT (BT g=To ] B A € g o OSSO PRSI 664
M. Karimi-Fard, L.J. Durlofsky

Volume 2

SPE 119001 A Novel Approach to Integrate Dual Porosity Model and Full Permeability
Tensor Representation iN FrACUIES .......c.ccuoiviiiieiisese et se et tesneera e e e saesresteaneeraeneeneees 679
Farhad Tarahhom, Kamy Sepehrnoori, Francisco Marcondes

SPE 119002 Development of a Three Phase, Fully Implicit, Parallel Chemical Flooding
S]] 41U F= (o USSR 700
N. Fathi Najafabadi, C. Han, M. Delshad, K. Sepehrnoori

SPE 119029 A New Solution Procedure for a Fully Coupled Geomechanics and

Compositional ReSErVOIr SIMUIALOL ............ccoi ittt be e re e e e e seens 720
Feng Pan, Kamy Sepehrnoori, L.Y. Chin
SPE 119030 Stochastic History Matching of a Deepwater Turbidite ReServoir............ccccoevvevvivivvciernennn, 736

Faruk O. Alpak, Detlef Hohl
SPE 119056 Estimation of Depths of Fluid Contacts by History Matching Using Iterative

Ensemble Kalman SMOOTNEIS ..........oviiiiie ettt st st es 750
Yudou Wang, Gaoming Li, A.C. Reynolds
SPE 119057 Use of Reduced-Order Modeling Procedures for Production Optimization......................... 767

M.A. Cardoso, L.J. Durlofsky



SPE 119060 A New Method for Thermodynamic Equilibrium Computation of Systems
with an Arbitrary NUMDEr 0f PRASES .......cooiiiiiii e 780
Cédric Fraces Gasmi, Denis V. Voskov, Hamdi A. Tchelepi

SPE 119080 Optimization of Residual Gas and Solubility Trapping for CO, Storage in

T LT L=l Ao [T (=] SRR 793
Long Nghiem, Chaodong Yang, Vijay Shrivatava, Bruce Kohse, Mohamed Hassam, Dingjun Chen,
Colin Card

SPE 119084 Stability, Accuracy and Efficiency of Sequential Methods for Coupled Flow
Lol ©T=Ta] o g Tl o o ot OSSPSR 802
J. Kim, H.A. Tchelepi, R. Juanes

SPE 119094 Results of the Brugge Benchmark Study for Flooding Optimization and
HISTOIY IMATCHING ...t bbb bbbt bbb bbbt bbbt e b bt 822
E. Peters, R.J. Arts, G.K. Brouwer, C.R. Geel

SPE 119095 Accurate Inflow Profile Prediction of Horizontal Wells through Coupling of a
Reservoir and a Wellbore SIMUIATOT ............ooi ittt st sre e re e ens 843
Akim Kabir, Gerardo Sanchez

SPE 119096 Using Model Error with the Ensemble Kalman Filter for More Accurate

Model Updates and PrediClioNS ...t e st st sre st e e sn et et srestesneenae e e e e 850
Sigurd lvar Aanonsen
SPE 119098 Closed-Loop ReServoir ManagemeNT..........ccccoeveieieeeeeeiesiesesesresesseseeseessessesnessesnsessessenees 856

J.D. Jansen, S.D. Douma, D.R. Brouwer, P.M.J. Van den Hof, O.H. Bosgra, A.W. Heemink

SPE 119099 Front-Tracking Methods for Use in Streamline Simulation of Compressible Flow............. 874
Halvor Mgll Nilsen, Knut-Andreas Lie

SPE 119101 Closed Loop Reservoir Management Using the Ensemble Kalman Filter and
Sequential QUAAIratiC ProgramMiNg ........c.ooooeiiiiiieieieie sttt ettt et bbb sne s e e nnas 886
Rolf J. Lorentzen, Ali Shafieirad, Geir Neevdal

SPE 119104 A Multiscale Mixed Finite-Element Method for Vuggy and Naturally-Fractured

RESEIVOITS ...ttt ettt e h bbbt b bt e 8t b e a8t b e 8 eeb e R e bt e e st b et s e e bt b n et et n e b et nenn 898
Astrid Fossum Gulbransen, Vera Louise Hauge, Knut-Andreas Lie

SPE 119107 Efficient Parallel Reservoir Simulation Using Multicore Architectures.........c..ccocceevevvevnenen. 909
M.L. Khait

SPE 119112 Adjoint Multiscale Mixed Finite EIBMENTS ..........ccoiiiiniiiineeeee e 914

S. Krogstad, V.L. Hauge, A.F. Gulbransen

SPE 119125 Interpretation of Partitioning Interwell Tracer Tests Using EnKF with
(Of0 T ] g ST or=1 [ Of0] 1 1 =11 4| TR TTRTT 925
Deepak Devegowda, Santha Akella, Akhil Datta-Gupta, Yalchin Efendiev

SPE 119130 Partitioners for Parallelizing Reservoir SImulations............cccccoviiiieeicie s 948
Robert Shuttleworth, Serguei Maliassov, Hui Zhou

SPE 119132 Multiscale Mimetic Solvers for Efficient Streamline Simulation of Fractured
[ (TSYe] Y01 TR 956
J.R. Natvig, B. Skaflestad, F. Bratvedt, K. Bratvedt, K.—-A. Lie, V. Laptev, S.K. Khataniar

SPE 119137 Energy Minimizing Bases for Efficient Multiscale Modeling and Linear
SOIVErS IN RESENVOIT SIMUIBTION ....cciiviiie ittt e et e s st e e e sttt e e s ettt e e e sb et e s ssbbeeesaabeesesaneeas 965
Olivier Dubois, Ilya D. Mishev, Ludmil Zikatanov

SPE 119138 Dynamic Data Integration and Quantification of Prediction Uncertainty Using
Statistical MOMENT EQUALIONS .........cceciiieiiiie ettt sr et et s b e teeae s e e et e besbestaeneeneeneneas 975
P. Likanapaisal, L. Li, H.A. Tchelepi

SPE 119139 Comparison of Stochastic Sampling Algorithms for Uncertainty Quantification................ 993
L. Mohamed, M. Christie, V. Demyanov



SPE 119147 Adaptively-Localized-Continuation-Newton: Reservoir Simulation Nonlinear
Solvers that Converge All the TIME . ...t 1005
R.M. Younis, H.A. Tchelepi, K. Aziz

SPE 119151 Geomechanics of Heterogeneous Bitumen Carbonates ..............ccoceveriniiiecienenene e 1026
T.T. Freeman, R.J. Chalaturnyk, I.1. Bogdanov
SPE 119154 An EOS-Based Compositional Thermal Reservoir Simulator............c.cccooeveveiiieincnenenn, 1038

Abdoljalil Varavei, Kamy Sepehrnoori

SPE 119156 Automatic Well Placement Optimization in a Channelized Turbidite
Reservoir Using Adjoint Based SENSITIVITIES .........ccceiviieireiierecrese st sne e sneens 1053
David Castifieira, Faruk O. Alpak, Detlef Hohl

SPE 119160 A Flow Based Lumping Approach for Compositional Reservoir Simulation..................... 1062
Reza Rastegar, Kristian Jessen

SPE 119165 Efficient General Formulation Approach for Modeling Complex Physics...........ccccceeue.. 1075
H. Cao, P.I. Crumpton, M.L.Schrader

SPE 119166 Phase Equilibrium Computations Are No Longer the Bottleneck in Thermal
Compositional E0S Based SIMUIALION ..........cccciiiiiiiiic et s 1087
A. Iranshahr, D.V. Voskov, H.A. Tchelepi

SPE 119168 Influence of Mechanical Constitutive Model on the Coupled Hydro-Geomechanical
ANalysis Of FAUIT REACTIVATION .........coiiiieiiec bbbt 1104
L.J.N. Guimaraes, |.F. Gomes, J.P.V. Fernandes

SPE 119171 Dynamic Upscaling of Multiphase Flow in Porous Media via Adaptive
Reconstruction of FiNe SCale Variables..........oooouiiiiiciiii ettt raa e e 1116
S. H. Lee, X. Wang, , H. Zhou, H. A. Tchelepi

SPE 119172 A General Unstructured Grid, Parallel, Thermal Simulator and Its
Application for Large Scale Thermal MOGEIS...........ccovoieiiiiiie i 1128
Xundan Shi, Yih-Bor Chang, Mathieu Muller, Eguono Obi

SPE 119175 Scalable Multi-stage Linear Solver for Coupled Systems of Multi-segment
Wells and Complex ReSErVOIr IMOUEIS.........cooiiieiiiiiece ettt n s 1136
Y. Jiang, H. A. Tchelepi

SPE 119177 Generalization of the Ensemble Kalman Filter Using Kernels for Non-Gaussian
RANAOM FIIAS ... .ottt e b et e et e st e s be e s beesbeebesaeesaeeabeebeenbeenbestbesteesbaesteennean 1146
P. Sarma, W.H. Chen

SPE 119183 Multiscale Finite Volume Formulation for the Saturation Equations..............c.ccocevvnennee. 1166
H. Zhou, S.H. Lee, H.A. Tchelepi

SPE 119186 Quasi-Positive Multi-Family Continuous Darcy-Flux Approximations with
Full Pressure Support on Structured and Unstructured Grids in 3-D........ccccocevvviviveieniecnene s 1182
Hongwen Zheng, Michael G. Edwards

SPE 119187 Higher Order Multidimensional Wave Oriented Upwind Schemes for Flow in
Porous Media 0n UNSEFUCTUIEA GIiOS ......c.oveiiiieiii ettt ettt ettt e e sttt e s eta e e e s sab e e e s sbae e e sbaeaessabeneaas 1208
Sadok Lamine, Michael G. Edwards

SPE 119188 Advantages of Using Vertical Stair Step Faults in Reservoir Grids for Flow

S 10101 F= o] o IR 1242
E. Gringarten, A. Haouesse, B. Arpat, L. Nghiem
SPE 119190 Multi-D Upwinding for Multi Phase Transport in Porous Media.........c..cccccoevvviennnineneen, 1250

J. Kozdon, B. Mallison, M. Gerritsen, W. Chen

SPE 119197 Continuous Reservoir Simulation Model Updating and Forecasting Using a
Markov Chain Monte Carlo MEtNOU. ..ot 1267
Chang Liu, Duane A. McVay



SPE 119200 Thermal Streamline Simulation for Hot Water FIooding ..........ccccoovnvviininineincncnene 1282
Z. Zhu, M.G. Gerritsen, M.R. Thiele

SPE 119203 Convergence of MPFA 0N HeXahedra...........ccocoviiiiiiiiiie e 1296
S.F. Matringe, R. Juanes, H.A. Tchelepi

SPE 119254 An Adaptive Continuum/Discontinuum Coupled Reservoir Geomechanics
Simulation Approach for Fractured RESEIVOITS. .......ccoiiiiiiiisie et s ae e 1314
Nathan Deisman, Richard J Chalaturnyk, Diego Mas lvars

SPE 119266 Linear Solver Performance Optimization in Reservoir Simulation Studies....................... 1322
Ilya Mishev, Bret Beckner, Nelli Fedorova, Serge Terekhov

SPE 119272 A Next-Generation Parallel Reservoir Simulator for Giant Reservoirs.........cccccecveeveveeneenns 1331
Ali H. Dogru, Larry S.K. Fung, Usuf Middya, Tareq M. Al-Shaalan, Jorge A. Pita, K. HemanthKumar, H.J.
Su, James C.T. Tan, H. Hoy, W.T. Dreiman, W.A. Hahn, R. Al-Harbi, A. Al-Youbi, N.M. Al-Zamel, M.
Mezghani, T. Al-Mani

Author Index



