
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-2848-3 

12th European Conference  
on the Mathematics of Oil 
Recovery 2010 (ECMOR XII) 

Oxford, United Kingdom 
6 - 9 September 2010 

Volume 1 of 2 

 

 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2010) by the European Association of Geoscientists & Engineers (EAGE) 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2016) 
  
For permission requests, please contact by the European Association of Geoscientists & Engineers (EAGE) 
at the address below. 
  
European Association of Geoscientists & Engineers (EAGE) 
PO Box 59 
3990 DB Houten 
The Netherlands 
 
Phone:  +31 88 995 5055 
Fax:  +31 30 634 3524 
 
eage@eage.org 
 
 
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 
 

VOLUME 1 
 

Upscaling of Fractured Oil Reservoirs Using Homogenization Including Non-equilibrium Capillary 
Pressure .................................................................................................................................................................................. 1

H. Salimi, J. Bruining 
 

Incorporation of Global Effects in Two-phase Upscaling for Modeling Flow and Transport with Full-
tensor Anisotropy ................................................................................................................................................................ 24

Y. Chen, Y. Li 
 

Meshless Upscaling Method and Its Application to a Fluid Flow in Porous Media ....................................................... 37
A. Lukyanov 

 

The Self-flattening Nature of Trailing Shocks in Augmented Waterflooding - Segregation-in-flow 
Reestablish Self-sharpness .................................................................................................................................................. 50

A. AlSofi, M. Blunt 
 

A Multiscale Framework for Simulating Multiphase Flow on Flexible Grids................................................................ 62
A. Sandvin, J. Skogestad, E. Keilgavlen, J. Nordbotten 

 

On the Stokes-Brinkman Equations for Modeling Flow in Carbonate Reservoirs ........................................................ 72
I. Ligaarden, M. Krotkiewski, K. Lie, M. Pal, D. Schmid 

 

Effective Local and Extended Local Single-phase Upscaling ........................................................................................... 81
S. Du, S. Hosseini, Y. Zhou, M. King 

 

Upscaling of Two-phase Immiscible Flows in Communicating Stratified Reservoirs.................................................. 100
X. Zhang, A. Shapiro, E. Stenby 

 

Analytical Solutions for Co- and Countercurrent Imbibition of Sorbing - Dispersive Solutes in 
Immiscible Two-phase Flow ............................................................................................................................................. 114

K. Schmid, S. Geiger, K. Sorbie 
 

Classic and Hybrid MCMC Methods to Approximate Pore Size Distributions of Carbonate 
Reservoirs Using Pore-network Models........................................................................................................................... 138

J. Juri, M. Dijke, K. Sorbie, S. Masalmeh 
 

Pore-scale Modelling of Chemically Induced Effects on Two-phase Flow.................................................................... 163
Y. Zaretskiy, S. Geiger, K. Sorbie, M. Foerster 

 

Determination of Connectivity in Vuggy Carbonate Rock Using Image Segmentation Techniques .......................... 183
T. Gurholt, B. Vik, I. Aavatsmark, S. Aanonsen 

 

Roles of Transient and Local Equilibrium Foam Behavior in Porous Media - Traveling Wave ................................ 195
E. Ashoori, D. Marchesin, W. Rossen 

 

Extended K-value Method for Multi-contact Miscible Displacements.......................................................................... 224
G. Rannou, D. Voskov, H. Tchelepi 

 

A New Variable-set for Nonlinear Flow Simulation Based on Compositional Space Parameterization .................... 238
D. Voskov 

 

Continuation of the Tie-simplex Space for Threephase Thermal-compositional Systems........................................... 254
A. Iranshahr, D. Voskov, H. Tchelepi 

 

New Models for Heater Wells in Reservoir Simulation .................................................................................................. 268
G. Aouizerate, L. Durlofsky, P. Samier 

 

Towards Temperature Transient Analysis in Horizontal Wells .................................................................................... 280
K. Muradov, D. Davies 

 

Analysis of Coupled and Fully Integrated Models for Low-frequency Electrical Heating Assisted 
Heavy Oil Recovery ........................................................................................................................................................... 300

J. Torres, I. Bogdanov, V. Dabir, A. Kamp 
 

Low-temperature In-situ Combustion of Light Oil......................................................................................................... 313
A. Mailybaev, D. Marchesin, J. Bruining 

 

Analysis of Grid Resolution for Simulations of CO2 Storage in Deep Saline Aquifers ............................................... 327
G. Pickup, M. Kiatsakulphan, J. Mills 

 

Accurate Discretization of Vertically-averaged Models of CO2 Plume Migration ...................................................... 338
K. Lie, I. Ligaarden, H. Nilsen 

 

Effects of Non-Darcy Flow in CO2 Injection into Saline Aquifers ................................................................................ 350
A. Mijic, T. LaForce 

 

Multicomponent Multiphase Transport Solutions for Application to CO2 Storage .................................................... 363
A. Goater, T. LaForce 

 

Multidimensional and Higher Order Edge Based Upwind Schemes for Hyperbolic Systems Including 
Gravity in Porous Media on Structured and Unstructured Grids ................................................................................ 378

S. Lamine, M. Edwards 
 



Monotone Multi-dimensional Upstream Weighting on General Grids ......................................................................... 400
E. Keilegavlen, J. Kozdon, B. Mallison 

 

On the Upstream Mobility Finite Difference Scheme ..................................................................................................... 422
A. Adimurthi, J. Jaffre, S. Mishra, G. Gowda 

 

Finite Volume Schemes for Multiphase Flow Simulation on Near Well Grids............................................................. 430
C. Guichard, J. Brac, R. Eymard, R. Masson 

 

Horizontal Simulation Grids as Alternative to Structure-based Grids for Thin Oil-zone Problems.......................... 444
O. Pettersen 

 

A Model for Conductive Faults in Heterogeneous Media for Non-matching Grids..................................................... 462
X. Tunc, I. Faille, T. Gallouet, M. Cacas, P. Have 

 

Modification of a Reservoir Grid to Achieve Monotonicity of the Control Volume Method ...................................... 483
R. Yorgova, I. Aavatsmark 

 

Practical Gridding Algorithms for Discrete Fracture Modeling Workflows................................................................ 495
B. Mallison, M. Hui, W. Narr 

 

Accurate Locally Conservative Discretizations for Modeling Multiphase Flow in Porous Media on 
General Hexahedra Grids ................................................................................................................................................. 506

M. Wheeler, G. Xue 
 

Quasi-positive Continuous Darcy-flux Approximation on Cell-centred Triangular Grids ......................................... 516
M. Edwards, H. Friis 

 

Convergence of the MPFA L-method – Strengths and Difficulties ............................................................................... 538
A. Stephansen 

 

On Rough Grids - Convergence and Reproduction of Uniform Flow ........................................................................... 553
R. Klausen, A. Stephansen 

 

Locally Adaptive Timestepping in Reservoir Simulators ............................................................................................... 563
H. Namara, G. Bowen, P. Dellar 

 

Improved Gravity Splitting for Streamline and Reordering Methods .......................................................................... 579
H. Nilsen, J. Natvig 

 

A Robust Streamline Tracing Method for Systems with Non-neighbor Connections.................................................. 589
D. Kachuma 

 

Streamline Tracing on Irregular Geometries.................................................................................................................. 601
A. Rasmussen 

 

A Stochastic Sharpening Method for the Propagation of Phase Boundaries in Multiphase Lattice 
Boltzmann Simulations ..................................................................................................................................................... 611

T. Reis, P. Dellar 
 

Parallel Sparsified Solvers for Reservoir Simulation ..................................................................................................... 635
H. Klie 

 

High Performance Manycore Solvers for Reservoir Simulation ................................................................................... 644
H. Sudan, H. Klie, R. Li, Y. Saad 

 

Multiple Kernel Learning Approach for Reservoir Modelling...................................................................................... 653
V. Demyanov, L. Foresti, M. Kanevski, M. Christie 

 

MP Simulations Without Computing MP Statistics ....................................................................................................... 669
G. Mariethoz, P. Renard, J. Straubhaar, J. Caers 

 

Application of Stochastic Partial Differential Equations to  Reservoir Property Modelling....................................... 684
R. Potsepaev, C. Farmer 

 

Spartan Random Fields and Applications in Spatial Interpolation and Conditional Simulation ............................... 702
D. Hristopulos 

 

Isometric Unfolding of Stratigraphic Grid Units for Accurate Property Populating – Mathematical 
Concepts ............................................................................................................................................................................. 715

S. Horna, C. Bennis, H. Borouchaki, C. Delage, J. Rainaud 
 

History Matching of a Stochastic Multifractal Subesismic Fault Model....................................................................... 727
M. Verscheure, A. Fourno, J. Chiles 

 

Fault Displacement Modelling Using 3D Vector Fields .................................................................................................. 743
P. Roe, F. Georgsen, A. Syversveen, O. Lia 

 

Quantifying of the Impact of Reservoir Heterogeneity on Recovery Using Shear and Vorticity................................ 752
R. Rachid, A. Bal, G. Williams, A. Muggeridge 

 

A New Parameterization Technique for the Calibration of Facies Proportions in Historymatching 
Processes ............................................................................................................................................................................. 770

G. Enchery, F. Roggero, M. Ravalec, E. Tillier, V. Gervais 
 

A New Method for Updating and Assessing Validity of Prior Reservoir Models......................................................... 783
G. Mittermeir, M. Amiry, Z. Heinemann 

 

Mathematical Reformulation of Highly Nonlinear Large-scale Inverse Problem in Metric Space ............................ 794
K. Park, C. Scheidt, J. Caers 

 



Monitoring 3D Reservoirs from CSEM Data Using a Level Set Technique ................................................................. 810
O. Dorn, R. Villegas 

 

Structural Uncertainty Modelling and Updating Using the Ensemble Kalman Filter – Parameters and 
State Consistency ............................................................................................................................................................... 819

A. Seiler, S. Aanonsen, G. Evensen 
 

Assessing the Impact of Different Types of Timelapse Seismic Data on Permeability Estimation ............................. 828
T. Feng, T. Mannseth 

 
VOLUME 2 

 
Comparing the Adaptive Gaussian Mixture Filter with the Ensemble Kalman Filter ................................................ 842

A. Stordal, H. Karlsen, G. Naevdal, H. Skaug, B. Valles 
 

Population MCMC Methods for History Matching and Uncertainty Quantification.................................................. 856
L. Mohamed, B. Calderhead, M. Filippone, M. Christie, M. Girolami 

 

Adaptive Pilot-point Strategy for History Matching of 3D Seismic Data ..................................................................... 871
S. Veiga, V. Gervais 

 

Combining Probabilistic Inversion and Multiobjective Optimization for Production Development 
under Uncertainty.............................................................................................................................................................. 881

D. Busby, E. Sergienko 
 

A Probability Conditioning Method (PCM) for Integration of Production Data into Pattern-based 
Facies Simulation ............................................................................................................................................................... 892

B. Jafarpour, M. Khodabakhshi 
 

Uncertainty Assessment of Saturation Modeling in Geocellular Models Using a Well Log Inversion 
Technique ........................................................................................................................................................................... 915

T. Fiedel, A. Carnegie, J. Moreno, A. Carrillat 
 

Determination of Lower and Upper Bounds of Predicted Production from History-matched Models ...................... 926
G. Essen, J. Jansen, P. Hof 

 

Evolutionary Algorithms with Pairwise Conditional Sampling for History Matching Optimisation......................... 938
I. Petrovska, J. Carter 

 

An Iteratively Reweighted Algorithm for History Matching of Oil Reservoirs Is Sparse Domains ........................... 962
L. Li, M. Khaninezhad, B. Jafarpour 

 

Grid-based Inversion of Pressure Transient Test Data .................................................................................................. 985
R. Booth, K. Morton, M. Onur, F. Kuchuk 

 

Error Estimate for the Ensemble Kalman Filter Update Step....................................................................................... 998
A. Kovalenko, T. Mannseth, G. Naevdal 

 

Ensemble Kalman Filter for Nonliner Likelihoods....................................................................................................... 1006
I. Myrseth, J. Saetrom, H. Omre 

 

Improved Initial Ensemble Generation Coupled with Ensemble Square Root Filters and Boosting to 
Estimate Uncertainty....................................................................................................................................................... 1014

L. Dovera, E. Rossa 
 

Rapid Construction of Ensembles of Highresolution Reservoir Models Constrained to Production 
Data................................................................................................................................................................................... 1026

C. Scheidt, J. Caers, Y. Chen, L. Durlofsky 
 

New Approaches for Generally Constrained Production Optimization with an Emphasis on 
Derivative-free Techniques ............................................................................................................................................. 1036

D. Ciaurri, O. Isebor, L. Durlofsky 
 

Using Evolution Strategy with Meta-models for Well Placement Optimization ........................................................ 1048
Z. Bouzarkouna, D. Ding, A. Auger 

 

A Derivative Free Optimization Method for Reservoir Characterization Inverse Problem ..................................... 1062
H. Langouet, F. Delbos, D. Sinoquet, S. Veiga 

 

Nonlinear Output Constraints Handling for Production Optimization of Oil Reservoirs ........................................ 1074
E. Suwartadi, S. Krogstad, B. Foss 

 

Optimal Well Placement ................................................................................................................................................. 1094
C. Farmer, J. Fowkes, N. Gould 

 

Improving Perturbation Designs for Gradient-based Optimization Methods in History Matching ........................ 1105
D. Ding 

 

Adjoint Methods for Multicomponent Flow Simulation .............................................................................................. 1118
D. Kourounis, D. Voskov, K. Aziz 

 

Optimizing Well Placement Planning in the Presence of Subsurface Uncertainty and Operational Risk 
Tolerance .......................................................................................................................................................................... 1132

P. Tilke, R. Banerjee, V. Halabe, B. Balci, R. Thambynayagam 
 



Steam-assisted Gravity Drainage Optimization for Extra Heavy Oil ......................................................................... 1144
J. Gossuin, W. Bailey, B. Couet, P. Naccache 

 

An Iterative Scheme to Construct Robust Proxy Models............................................................................................. 1164
A. Castellini, H. Gross, Y. Zhou, J. He, W. Chen 

 

A Comparison of Screening Methods for High Dimensional Input Problems............................................................ 1176
S. Touzani, D. Busby, A. Antoniadis 

 

Parametrized Model Order Reduction Applied to Reservoir Simulation................................................................... 1188
E. Gildin 

 

Application of Inflow Control Devices to Heterogeneous Reservoirs.......................................................................... 1198
V. Birchenko, A. Bejan, A. Usnich, D. Davies 

 

An Expanded Well Model for Accurate Simulation of Reservoir-well Interactions .................................................. 1214
M. Karimi-Fard, L. Durlofsky 

 

Modeling of the Heel-toe Effect in a Horizontal Well with Inflow Control Devices................................................... 1224
V. Birchenko, K. Muradov, D. Davies 

 

Decoupled Overlapping Grids for Numerical Modelling of Transient Wellbore Pressure ....................................... 1237
N. Ogbonna, D. Duncan 

 

A Genuinely One-dimensional Upwind Scheme with Accuracy Enhancement for Multidimensional 
Advection Problems......................................................................................................................................................... 1253

A. Michel, Q. Tran, G. Favennec 
 

Discretisation on Complex and Polyhedral Grids - Open Source MATLAB Implementation.................................. 1274
K. Lie, S. Krogstad, I. Ligaarden, J. Natvig, H. Nilsen, B. Skaflestad 

 

Improving Stochastic Inversion Methods in History Matching Using Proxy Models ................................................ 1295
K. Stephen, S. Arwini 

 

Explicit Singly Diagonally Implicit Runge-Kutta Methods and Adaptive Stepsize Control for 
Reservoir Simulation ....................................................................................................................................................... 1306

C. Volcker, J. Jorgensen, P. Thomsen, E. Stenby 
 

An Application of Green s Function Technique for Well Testing Horizontal and Partially Penetrating 
Wells ................................................................................................................................................................................. 1322

D. Posvyanskii, E. Makarova, S. Milytin, V. Posvyanskii 
 

Numerical Aspects of Using Vertical Equilibrium Models for Simulating CO2 Sequestration ................................ 1330
I. Ligaarden, H. Nilsen 

 

Impact of Geological Heterogeneity on Earlystage CO2 Plume Migration ................................................................ 1343
M. Ashraf, K. Lie, H. Nilsen, A. Skorstad 

 

On Mathematical Simulation of Heavy Oil Recovery Problem ................................................................................... 1356
A. Pergament, D. Mitrushkin 

 

Can Formation Relative Permeabilities Rule Out a Foam EOR Process?.................................................................. 1371
E. Ashoori, W. Rossen 

 

Improved Near-well Approximation for Prediction of the Gas/Oil Production Ratio from Oil-rim 
Reservoirs ......................................................................................................................................................................... 1388

S. Halvorsen, A. Mjaavatten, R. Aasheim 
 

Flow-based Grid Coarsening for Transport Simulations ............................................................................................. 1408
V. Hauge, K. Lie, J. Natvig 

 

Multiscale Method for Numerical Simulation of Multiphase Flows in Giant Production Fields .............................. 1423
A. Pergament, V. Semiletov, P. Tomin 

 

Multiscale Wavelet Analysis Applied to Localization of Covariance Estimates in EnKF ......................................... 1436
O. Pajonk, R. Schulze-Riegert, M. Krosche, H. Matthies 

 

Simulation of Flow Effects During Acidizing in Carbonate Oil Reservoirs................................................................ 1446
R. Kanevskaya, I. Volnov, A. Markova 

 

Numerical Modelling of Geomechanical Effects During Steam Injection in SAGD Heavy Oil Recovery................ 1453
S. Zandi, G. Renard, N. Nauroy, N. Guy 

 

Simulation of Interface Dynamics Across Pore Discontinuities ................................................................................... 1463
R. Maniero, I. Lunati 

 

Modeling of Shut-in Well Fluid Redistribution............................................................................................................. 1473
V. Hon, S. Zainal, S. Khor 

 

Modeling of Pressure and Solution Gas on Microemulsion Phase Behavior .............................................................. 1486
M. Roshanfekr, R. Johns 

 

Dynamic Foam Behavior in the Entrance Region of a Porous Medium...................................................................... 1499
E. Ashoori, D. Marchesin, W. Rossen 

 

Multi-dimensional Multi-variant and Multi-scale Modeling of Reservoir Heterogeneities....................................... 1520
J. Huang, G. Bellefleur, B. Milereit 

 

Magnesium from Solution Mining of Bischofite Layers and Carnallite Layers ......................................................... 1533
R. Velema, J. Bullen, J. Visser, J. Bruining 

 



Developing and Analysis of a Mathematical Model to Predict Temperature and Inflow Profile in 
Multilateral Wells ............................................................................................................................................................ 1553

M. Mostofinia, J. Mohseni, P. Pourafshary, Z. Lavafian 
 

The Flows Features of Viscous-plastic Fluids in Anisotropic Porous Media .............................................................. 1574
V. Kadet, N. Dmitriev, M. Mamedov 

 

Bottomhole Formation Zone Modeling Using Analytical and Numerical Approach ................................................. 1581
S. Stepanov, V. Vasilyev 

 

Formation of Set of Injectors on Oilfields...................................................................................................................... 1595
A. Ermolaev, A. Kuvichko, V. Solovyev 

 

Effective Permeability Calculation a Numerical Artifact or Genuine Problem ......................................................... 1604
M. Pal, J. Jennings 

 

Exponential Time Integrators for 3D Reservoir Simulation ........................................................................................ 1620
A. Tambue, S. Geiger, G. Lord 

 

Validation of Dynamic Coefficient Correlation Related to Dynamic Fluid Flow in Porous Media Using 
Experimental Results....................................................................................................................................................... 1632

M. Mirzaei, G. Sills, D. Das 
 

Non-iterative Phase Behavior Computation for General Compositional Problem .................................................... 1647
R. Zaydullin, D. Voskov, H. Tchelepi 

 

Constrained Nonlinear Optimization for Extreme Scenarii Evaluation in Reservoir Characterization.................. 1660
N. Metla, F. Delbos, S. Veiga, D. Sinoquet 

 

Author Index 




