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nterest in research in the mathematics and modeling I of physical processes in the geosciences has been 
increasing over the past few decades. Recognition of 
the importance to the nation and the world of studying 
and understanding problems such as groundwater 
contamination, air pollution, weather prediction, 
maximizing production of existing oil reservoirs, and 
ocean hydrodynamics has been an important force 
driving this interest. 

The study of these problems requires interdisciplinary 
collaboration and the merging of mathematical  
modeling with experiments and theory. By bringing 
together engineers, mathematicians, computational 
scientists, and other researchers working in industry, 
government laboratories, and universities, meaningful 
progress can be made in understanding and predicting 
the complex physical phenomena in the geosciences. 

Conference Themes 
Scaling in porous media, in particular 

scaling of processes from the microscale 

the use of coarse grid descriptions in modeling 
to the mesoscale 

multiphase flow phenomena 

Modeling of ocean hydrodynamics 
Optimal Control in groundwater remediation 
Geophysics, including 

seismic inversion 
seismic modeling and optimization in geophysical 
applications 

Atmospheric dynamics 
Oil reservoir modeling 
Parallel computing in geoscience 
applications 
Inversion for parameter estimation 
and history matching 
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Message from the Conference Chair ... 
Dear Colleagues: 

The need for fundamental understanding of the physical processes occurring in and around the 
Earth has been recognized for centuries. Nevertheless, we still have a long way to go before such 
understanding is complete. This knowledge is crucial to problems such as groundwater contami- 
nation, air pollution, weather prediction, ocean hydrodynamics, oil reservoir production, and 
discovering new oil reserves. 

Despite their seemingly disparate natures, these geoscience applications have many common 
mathematical characteristics. The techniques used to describe and simulate the physical processes 
which occur are applicable across a broad range of areas. 

The study of geoscience applications through experiments, theory, and computation requires 
interdisciplinary collaboration between engineers, mathematicians and scientists. By bringing 
together such researchers, meaningful progress can be made in understanding and predicting the 
complex physical phenomena which occur in these problems. SIAM is addressing this need 
through the Activity Group on Geosciences and a series of conferences devoted to geoscience 
applications. Previous conferences were held in Houston, Texas in 1989 and 1993, and San 
Antonio, Texas in 1995. This conference is the fourth in the series. Due to the large number of 
abstracts received, we have extended the conference by half a day. 

On behalf of the organizing committee. I enthusiastically welcome you to the Fourth SIAM 
Conference on the Geosciences. 

Conference Chair- 
Clint N. Dawson 

Audiovisual Notice 
Two standard overhead projectors and two screens will be provided in every meeting room. 
Speakers with special audiovisual equipment needs should inform SIAM of their specific 
requirements by May 27, 1997. If we do not hear from speakers by that date, it will be understood 
that a standard overhead projector is all that is needed. 
If a speaker sends a request for special audiovisual equipment and decides not to use the requested 
equipment after it has been installed, the speaker will be responsible for paying the rental fee. 
Some examples of special audiovisual equipment and rental fees are 
LCD Panel ................... $250 26“ Data Monitor .............. $200 35mm Slide Projector .... $38 
Shure Mixer $25 Video Projector ..... $500 IBM PC Computer 

Important Notice 
1/2“ VHS VCR .............. $55 Xenon 35mm Projector ..... $200 

Times allowed for each presentation, including questions and answers: 
CP = Contributed Presentations (20 minutes) 
IP = Invited Plenary Presentations (45 minutes) 
MS = Minisymposium (30 minutes) 
The Poster Session will take place on Monday evening, June 16 from 5:30 to 730. There will be 
a reception during the session. Poster presenters are asked to post their presentation materials at 
2:45 PM on Monday. Displayed materials should be removed from the poster boards by 8:OO PM 
on Monday. Any materials left on the board after that time will be removed and discarded. SIAM 
cannot be responsible for any poster displays that are left at the end of the session. 
For more information about poster presentations. please refer to “Guidelines for Meeting 
Participants” at http://www. siarn.org/meetings/guidhorne. htrn. 
Note 

For papers with multiple authors, the speaker is shown in italics if known at press time. 
The conference organizers expect every speaker of a scheduled presentation to register and 
attend the conference. If it becomes necessary for a speaker to cancel a presentation, the 
speaker is expected to find an alternate presenter, preferably one of the speaker’s co-authors 
immediately. The speaker should inform the SIAM conference department of any change to 
hisher scheduled presentation. 
A “no-show” or canceled presentation can cause serious inconvenience to the attendees and 
conference organizers. 

Fax & E-mail Capabilities 
SIAM cannot offer e-mail access for individual attendees. We suggest you bring your own laptop 
computer and use hotel facilities. If you do not have your own personal laptop computer, the hotel 
business office offers this service at a nominal fee. 

http://www


DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their cmployees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process d i s d d ,  or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, process, or KMCC by trade name, trademark, manufac- 
turer, or otherwlse does not necessarily constitute or imply its endorsement, recom- 
mend;rtion, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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Final Technical Report 

The Fourth SIAM Conference on Mathematical and Computational Issues in the 
Geosciences was held at the Sheraton Old Town Hotel, Albuquerque, New Mexico, 
June 16-19, 1997. The conference was sponsored by the S U M  Activity Group on 
Geosciences. Partial support for the conference was provided by the National Science 
Foundation and Department of Energy. Attendance at the conference was 348, the 
largest attendance in eight years and a 20% increase over the last conference. Because 
of the overwhelming response to the call for papers, the conference was extended by a 
half day. The attendees included mathematicians, hydrologists, petroleum and 
environmental engineers, geophysicists, atmospheric and oceanographic scientists with 
an interest in computational and mathematical modeling. The attendees were from 
universities, industry and government research laboratories located in the United States, 
Europe, Central and South America, and Asia. 

The conference was organized by Clint Dawson (Chair), Michael Christie, William 
Fitzgibbon, James Glimm, William Gray, Allan Gutjahr, Jeffrey Holland, Tom 
Russell, Paul Stoffa, Andy Tompson and Mary Wheeler. There were nine invited 
talks. Due to the high level of interest in the conference, a large number of parallel 
sessions were held. In total there where 39 minisymposia, with approximately 156 
individual presentations, and in addition more than 90 individual contributed talks. 
Besides the oral presentations, a reception was held on Monday evening in conjunction 
with a poster session, and on Tuesday evening, a conference banquet was held at the 
hotel, preceded by a business meeting of the activity group. Overall, the conference 
generated many positive comments from the participants, and appears to have been 
highly successful in its goal of bringing challenging and important problems to the 
attention of the mathematicians and computational scientists, while explaining valuable 
mathematical and computational tools and methods to application area scientists. 

The conference fmused on computational and modeling issues in the geosciences. Of 
the geosciences, problems associated with phenomena occurring in the earth's 
subsurface were best represented. Topics in this area included petroleum recovery, 
ground water contamination and remediation, seismic imaging, parameter estimation, 
upscaling, geostatistical heterogeneity, reservoir and aquifer characterization, optimal 
well placement and pumping strategies, and geochemistry. Additional sessions were 
devoted to the atmosphere, surface water and oceans. The central mathematical themes 
included computational algorithms and numerical analysis, parallel computing, 
mathematical analysis of partial differential equations, statistical and stochastic 
methods, optimization, inversion, homogenization and renormalization. 
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The problem areas discussed at this conference are of considerable national importance, 
with the increasing importance of environmental issues, global change, remediation of 
waste sites, declining domestic energy sources and an increasing reliance on producing 
the most out of established oil reservoirs. The computational, mathematical and 
engineering issues for all of these problems are extremely complex, and much progress 
is still needed in algorithms, computing capabilities and fundamental physical 
understanding of these issues. To gain a complete understanding, mathematicians, 
engineers and computational scientists must work collaboratively, and I believe this 
conference was successful at bringing such researchers together. 

Clint Dawson 
Conference Chair 

Society for Industrial and Applied Mathematics 
3600 University City Science Center 
Philadelphia, PA 19103-2688 
Telephone: 2 15-382-9800 



nisymposia (MS), and poster presentations. 

Stochastic Method in Porous Media (CP12) 
Thermal-Hydrologic Modeling in Geologic 
Disposal of High-Level Radioactive Waste - 
Parts I and I1 (MS6), (MS9) 
UpscalinglHomogenization (CP6) 

Geophysics 
Bayesian Versus Frequentist Methods of In- 
ference (MS13) 
Estimating Velocities from Surface Seismic 
Data (MS26) 
Geophysical Imaging and Inversion - Part I 
and I1 (MS14), (MS21) 
Large-Scale Seismic Modeling (MS7) 
Object-Oriented Programming for Geophysi- 
cal Estimation (MS20) 
Seismic Imaging in Complex Structures 
(MS30) 
Seismic InversiodImaging I, 11, and 111 (CP4), 
(CP9), and (CP14) 
The Role of Convex and Nonconvex Duality 
in the Inversion of the Reflection Seismic 
Data for Velocities (IP8) 

Geostatistics 
Computational Issues in Geostatistical Simu- 
lation for Petroleum Reservoir Characteriza- 
tion (MS5) 
Fluids in Porous Media: Angstroms to Kilo- 
meters (IP1) 
On the Significance of Effective Properties in 
Flow and Transport in Heterogeneous Porous 
Formations (IP6) 
Stochastic Methods in Porous Media (CP12) 

Ocean Hydrodynamics 
Environmental Surface Flow Modeling - Parts 
I and I1 (MS29), (MS37) 
Modeling Coastal Ocean Hydrodynamics 
Using Finite Elements (IP7) 
Numerical Modeling of Ocean Circulation - 
Parts I and I1 (MS 19), (MS22) 
Ocean Circulation (CP2) 

Oil Reservoir Modeling 
Artificial Intelligence in Geosciences (MS28) 
Computational Issues in Geostatistical Simu- 
lation for Petroleum Reservoir Characteriza- 
tion (MS5) 
Effective Coarse Scale Descriptions of 
Multiphase Displacements in Heterogeneous 
Reservoir (IP3) 

Estimating Nonlinear Properties in Models of 
Flow Through Porous Media (MS24) 
Finite Volume and Mixed Finite Element 
Methods in Geoscience Applications (MS 18) 
Flow in Porous Media I and I1 (CP3), (CP11) 
Flow and Transport Processes (CP16) 

Modeling of Multiscale Phenomena in Porous 
Media-PartsI,II,III,andIV(MS14),(MS15), 
(MS25), and (MS32) 
Multigrid Methods for Flow and Transport 
Processes in Porous Media (MS34) 
Parameter Estimation/History Matching 
(CP15) 
Reservoir Simulation I, 11, and I11 (CP5), 
(CPlO), and (CP13) 
Rock Properties/Characterization (CPI) 
SoftwareTools for Porous Media Flow (MS33) 
Stochastic Methods in Porous Media (CP12) 
Uniqueness Conditions inaHyperbolic Model 
for Oil Recovery by Steam Drive (IP4) 
Upscaling/Homogenization (CP6) 

Optimal Control in Ground- 
water Remediation 
Applications of Optimization, Numerical 
Analysis, and Parallel Processing to Artificial 
Intelligence in Geosciences (IP5) 
Optimization Techniques in Groundwater 
Remediation (MS17) 

Parallel Computation 
Adaptive Finite VolumelMultigrid Simula- 
tion of Variable Density Flows in Porous 
Media (MS12) 
Characteristic Methods for Advection-Domi- 
nated Flows (MS4) 
Climate Modeling (CP7) 
Contaminant TransportRemediation (CP8) 
Environmental Surface Flow Modeling - Parts 
I and I1 (MS29), (MS37) 
Finite Volume and Mixed Finite Element 
Methods in Geoscience Applications (MS18) 
Flow and Transport Processes (CP16) 
Modeling of Multiscale Phenomena in Porous 
Media- Parts I, 11, 111, andIV (MS12), (MS15), 
(MS25), and (MS32) 
Numerical Simulation of Field-Scale 
Remediation for Heterogeneous Subsurface 
Condition - Parts I and I1 (MSl), (MSS) 
Ocean Circulation (CP2) 
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Program Overview Program-at-a -Glance 
Reaction-Diffusion Systems - Parts I and I1 
[MS31), (MS36) 
Reservoir Simulation I and I1 (CP5) and 
(CP10)) 

Parameter Estimation/ 
History Matching 
Artificial Intelligence in Geosciences (MS28) 
Biofilms in Porous Media (MS23) 
Computational Issues in Geostatistical Simu- 
lation for Petroleum Reservoir Characteriza- 
tion (MSS) 
Estimating Nonlinear Properties in Models of 
Flow Through Porous Media (MS24) 
Inverse Methods and History Matching in 
Flow and Transport (MS2) 
Multigrid Methods for Flow and Transport 
Processes in Porous Media (MS34) 
On the Significance of Effective Properties in 
Flow and Transport in Heterogeneous Porous 
Formations (IP6) 
Parameter Estimation/History Matching 
(CP15) 
Rock Properties/Characterization (CP1) 
Stochastic Methods in Porous Media (CP12) 

Scaling in Porous Media 
Artificial Intelligence in Geoscience (MS28) 
Effect of Microprocessors and Microstructure 
on Soil Properties and Fluid Flow in Porous 
Media - Parts I and I1 (MS3S), (MS38) 
Effective Numerical Methods for Multiscale 
Heterogeneous Problems in Geophysics 
(MS27) 
Fluids in Porous Media: Angstroms to Kilo- 
meters (IP1) 
Modeling of Multiscale Phenomena in Porous 
Media - Parts I, II,III andIV (MS12), (MS15), 
(MS25), and (MS32) 
Scale-up of Flow in Porous Media (IP2) 
Upscaling Complex Flows in Strongly Het- 
erogeneous Porous Media (MS3) 
UpscalingMomogenization (CP6) 

Sunday, June 15 
Evening 
5:OO PM-8:00 PM Registration 

Rio Grande Ballroom Foyer 

Monday, June 16 
Morning 
7:30 AM-4~00 PM 
8:20 AM Opening Remarks and Welcome 

Clint Dawson, University of Texas, Austin 
Rio Grande Ballroom 

8:30 AM-9:15 AM 
IP1 Fluids in Porous Media: 
Angstroms to Kilometers 
John H. Cushman, Purdue Universiv, 
West Lafayette 
Chair: James G. Glimm, State Univer- 
sity of New York, Stony Brook 
Rio Grande Ballroom 

IP2 Scale-up of Flow in Porous 
Media 
David H. Sharp, Los Alamos National 
Laboratory 
Chair: James G. Glimm, State Univer- 
sity of New York, Stony Brook 
Rio Grande Ballroom 

9:15 AM-10:00 AM 

1O:OO AM-10:30 AM Coffee 
Sun Terrace 

MSl Numerical Simulation of Field- 
Scale Remediation for 
Heterogeneous Subsurface 
Conditions (Part I of II) 
Organizer: Jeffery P. Holland, Water- 
ways Experiment Station, U S .  Army 
Corps of Engineers 
Rio Grande Ballroom 
MS2 Inverse Methods and History 
Matching in Flow and Transport 
Organizer: Allan Gutjahr, New Mexico 
Institute of Mining and Technology 
Potters Room 

10:30 AM-12:30 PM Concurrent Sessions 

MS3 Upscaling Complex Flows in 
Strongly Heterogeneous Porous 
Medium 
Organizer: Alain P. Bourgeat, 
Universite' St. Etienne, France 
Weavers Room 
MS4 Characteristic Methods for 
Advection-Dominated Flows 
Organizer: Hong Wang, University of 
South Carolina, Columbia 
Jemez Room 

MS5 Computational Issues in 
Geostatistical Simulation for 
Petroleum Reservoir 
Characterization 
Organizer: Timothy C. Coburn, 
National Renewable Energy Laboratory 
Sandia Room 
MS6 Thermal-Hydrologic Modeling 
in Geologic Disposal of High-level 
Radioactive Waste (Part I of II) 
Organizers: Nicholas D. Francis and 
Bill W. Arnold, Sandia National 
Laboratories, Albuquerque 
Isleta Room 
MS7 Large-Scale Seismic Modeling 
Organizers: Paul L. Stoffa, University 
of Texas, Austin; and Ken Kelly, Amoco 
Technology Center 
Turcoise Room 

Afternoon 
12:30 PM-2:00 PM Lunch 
2:OO PM-2145 PM 

IP3 Effective Coarse Scale 
Descriptions of Multiphase 
Displacements in Heterogeneous 
Reservoirs 
Louis J. Durlofsky, Chevron Petroleum 
Technology Company, La Habra, 
Califarnia 
Chair: Michael Christie, BP Explora- 
tion 
Rio Grande Ballroom 

2:45 PM-3:lS PM Coffee 
Sun Terrace 

MS8 Numerical Solution of Field- 
Scale Remediation for 
Heterogeneous Subsurface 
Conditions (Part II of II) 
Organizer: Jeffery P. Holland, Water- 
ways Experiment Station, U.S. Army 
Corps of Engineers 
Rio Grande Ballroom 

3:15 PM-5:15 PM Concurrent Sessions 

MS9 Thermal-Hydrologic Modeling 
in Geologic Disposal of High-level 
Radioactive Waste (Part II of II) 
Organizers: Nicholas D. Francis and 
Bill W. Arnold, Sandia National 
Laboratories, Albuquerque 
Potters Room 
MSl 0 Modeling in Heterogeneous 
and Non-Isotropic Materials 
Organizers: Stanly L. Steinberg, 
University of New Mexico; and Mikhail 
Shashkov, Los Alamos National 
Laboratory 
Weavers Room 
MSl 1 Adaptive Finite Volume/ 
Multigrid Simulation of Variable 
Density Flows in Porous Media 
Organizer: Peter Knabner, University oj 
Erlangen, Germany 
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Program-at-a-Glance 
~~ 

Turcoise Room 
MS12 Modeling of Multiscale 
Phenomena in Porous Media (Part I 

Colorado, Denver 
Jemez Room 
MS13 Bayesian Versus Frequentist 

Is of Inference 
Organizer: John A. Scales, Colorado 
School of Mines 
Sandia Room 

Organizers:' Eileen McCarron, Amoco 

Isleta Room 
2:45 PM Poster Setup begins 

Sun Terrace (weather permitting) or 
Pueblo Room 

Evening 
5 ~ 3 0  PM-7~30 PM 

Poster Session and Welcoming 
Reception 
Sun Terrace (weather permitting) or 
Pueblo Room 

8:OO PM-8:30 PM 
Poster presenters must take down their 
posters. 

Tuesday, June 17 
Morning 
7:30 AM-4:00 PM Registration 

Rio Grande Ballroom Foyer 

IP4 Uniqueness Conditions in a 
Hyperbolic Model for Oil Recovery 
by Steam Drive 

8 ~ 3 0  AM-9~15 AM 

The Netherlands 
Chair: Mary F. Wheeler, University of 
Texas, Austin 
Rio Grande Ballroom 

9:15-10:00 AM 
IP5 Applications of Optimization, 
Numerical Analysis, and Parallel 
Processing to Groundwater 
Remediation 
Christine Shoemaker, Cornell University 
Chair: Mary F. Wheeler, University of 
Texas, Austin 
Rio Grande Ballroom 

1O:OO AM-10:30 AM Coffee 
Sun Terrace 

10:30 AM-12:30 PM Concurrent Sessions 

MSl5 Modeling of Multiscale 
Phenomena in Porous Media (Part 
II of IV) 
Organizers: Lynn S. Bennethum and 
Thomas F. Russell, University of 
Colorado, Denver 
Rio Grande Ballroom 
MS16 Modeling and Analysis of In- 
Situ Bioremediation Systems 
Organizer: Jack X .  Xin, University of 
Arizona 
Turcoise Room 
MS17 Optimization Techniques in 
Groundwater Remediation 
Organizer: David E. Dougherty, 
University of Vermont 
Isleta Room 
MSl8 Finite Volume and Mixed 
Finite Element Methods in 
Geoscience Applications 
Organizer: Ilya D. Mishev, Duke 
University 
Potters Room 
MS19 Numerical Modeling of 
Ocean Circulation (Part I of II) 
Organizer: Robert L. Higdon, Oregon 
State University 
Jemez Room 
MS20 Object-Oriented 
Programming for Geophysical 
Estimation 
Organizer: William W. Symes, Rice 
University 
Sandia Room 
MS21 Seismic imaging and 
Inversion (Part II of II) 
Organizers: Eileen McCarron, Amoco 
Technology Center; and R. Phillip 
Bording, University of Texas, Austin 
Weavers Room 

Afternoon 
12:30 PM-2:00 PM Lunch 
2:OO PM-2~45 PM 

IP6 On the Significance of Effective 
Properties in Flow and Transport in 
Heterogeneous Porous Formations 
Gedeon Dagan, Tel Aviv University, 
Israel 
Chair: Thomas F. Russell, University of 
Colorado, Denver 
Rio Grande Ballroom 

2:45 PM-3:15 PM Coffee 
Sun Terrace 

3:15 PM-5:15 PM Concurrent Sessions 
MS22 Numerical Modeling of 
Ocean Circulation (Part II of II) 
Organizer: Robert L. Higdon, Oregon 
State University 
Turcoise Room 

Organizer: Kenneth L. Bowers, Mon- 
MS23 Biofilms in Porous Media 

tana State University 
Potters Room 
MS24 Estimating Nonlinear 
Properties in Models of Flow 
Through Porous Media 
Organizers: Jerome Jaffre, INRIA, 
France; and A. Ted Watson, Texas 
A&M University 
Weavers Room 
MS25 Modeling of Multiscale 
Phenomena in Porous Media (Part 
Ill of IV) 
Organizers: Lynn S. Bennethum and 
Thomas F. Russell, University of 
Colorado, Denver 
Rio Grande Ballroom 
MS26 Estimating Velocities from 
Surface Seismic Data 
Organizer: William W. Symes, Rice 
University 
Isleta Room 
MS27 Effective Numerical Methods 
for Multiscale Heterogeneous 
Problems in Geophysics 
Organizers; Thomas Y. Hou and Xiao- 
Hui Wu, California Institute of Technol- 
O D  
Jemez Room 
MS28 Artificial Intelligence in 
Geosciences 
Organizers: Ahmed Ouenes and Adwait 
Chawathe, New Mexico Petroleum 
Recovery Research Center 
Sandia Room 

Evening 
6:30 PM-9~00 PM 
Banquet 

Sun Terrace (weather permitting) or Rio 
Grande Ballroom 

Wednesday, June 18 
Morning 
7:30 AM-4:00 PM Registration 

Rio Grande Ballroom Foyer 
8 ~ 3 0  AM-9:15 AM 

IP7 Modeling Coastal Ocean 
Hydrodynamics Using Finite 
Elements 
Rick Luettich, University of North 
Carolina, Chapel Hill 
Chair: William G. Gray, University of 
Notre Dame 
Rio Grande Ballroom 

9: 15 AM-9:45 AM Coffee 
Sun Terrace 

9:45 AM-11:45 AM Concurrent Sessions 
CPl Rock Properties/ 
Characterization 
Chair: Allan Gutjahr, New Mexico 
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i Program -at -a-Glance 
Institute of Mining and Technology 
Turcoise Room 
CP2 Ocean Circulation 
Chair: Johannes J. Westerink, Univer- 
sity of Notre Dame 
Potters Room 
CP3 Flow in Porous Media I 
Chair: Jeffery P. Holland, Waterways 
Experiment Station, U S .  Army Corps of 
Engineers 
Weavers Room 
CP4 Seismic Inversion/lmaging I 
Chair: R. Phillip Bording, University of 
Texas, Austin 
Rio Grande Ballroom 
CP5 Reservoir Simulation I 
Chair: William Fitzgibbon, Rice 
University 
Isleta Room 
CP6 Upscaling/Homogenization 
Chair: Richard E. Ewing, Texas A&M 
University, College Station 
Jemez Room 
CP7 Climate Modeling 
Chair: Monica Martinez, University of 
Texas, Austin 
Sandia Room 

Wednesday, June 18 
Afternoon 
11 :45 AM- 1 :OO PM Lunch 

1:OO PM-1145 PM 
IP8 The Role of Convex and 
Nonconvex Duality in the Inversion 
of the Reflection in Seismic Data 
for Velocities 
Guy Chavent, INRIA, France 
Chair: Mrinal K. Sen, University of 
Texas, Austin 
Rio Grande Ballroom 

MS29 Environmental Surface Flow 
Modeling (Part I of II) 
Organizers: Srinivas Chippada, Monica 
L. Martinez, and Mary F. Wheeler, 
University of Texas, Austin 
Potters Room 
MS30 Seismic Imaging in Complex 
Structure 
Organizer: William W. Symes, Rice 
University 
Rio Grande Ballroom 
MS31 Reaction-Diffusion Systems in 
Geoscience Applications (Part I of II) 
Organizer: William E. Fitzgibbon, 
University of Houston 
Weavers Room 

1:45 PM-3:45 PM Concurrent Sessions 

MS32 Modeling of Multiscale 
Phenomena in Porous Media (Part 
IV of IV) 
Organizers: Lynn S. Bennethum and 
Thomas F. Russell, University of 
Colorado, Denver 
Isleta Room 
MS33 Software Tools for Porous 
Media Flow 
Organizers: Hans Petter Langtangen 
and Aslak Tveito, University of Oslo, 
Norway 
Turcoise Room 
MS34 Multigrid Methods for Flow 
and Transport Processes in Porous 
Media 
Organizers: Rainer Helmig and Volker 
H. Schulz, University of Stuttgart, 
Germany 
Sandia Room 

3145 PM-4:15 PM Coffee 
Sun Terrace 

4: 15 PM-6: 15 PM Concurrent Sessions 
MS35 Effect of Microprocesses and 
Microstructure on Soil Properties 
and Fluid Flow in Porous Media 
(Part I of II) 
Organizers: Carlo D. Montemagno, 
Cornell University; Andrew F. B. 
Tompson, Lawrence Livermore National 
Laboratory; William G. Gray, Univer- 
sity of Notre Dame; and Wendy E. Soll, 
Los Alamos National Laboratory 
Rio Grande Ballroom 
MS36 Reaction-Diffusion Systems in 
Geoscience Applications (Part II of II) 
Organizer: William E. Fitzgibbon, 
University of Houston 
Turcoise Room 
MS37 Environmental Surface Flow 
Modeling (Part II of II) 
Organizers: Srinivas Chippada, Monica 
L. Martinez, and Mary F. Wheeler, 
University of Texas, Austin 
Potters Room 
CP8 Contaminant Transport/ 
Remediation 
Chair: Hans J. van Duijn, Centre for 
Mathematics and Computer Science 
(CWI), The Netherlands 
Weavers Room 
CP9 Seismic Inversion/lmaging II 
Chair: Mrinal Sen, University of Texas, 
Austin 
Isleta Room 
CPlO Reservoir Simulation II 
Chair: Louis J. Durlofsky, Chevron 
Petroleum Technology 
Jemez Room 

Chair: Graham F. Carey, University of 
Texas, Austin 
Sandia Room 

CPl 1 Flow in Porous Media II 

6:15 PM-7:00 PM Business Meeting and Re- I 
ception 
SIAM Activity Group on Geosciences 

Fireplace Room 

Thursday, June 19 
Morning 
7:30 AM-1O:OO AM Registration 

Rio Grande Ballroom Foyer 

IP9 Statistical-Dynamical Methods 
in Atmospheric Prediction 
Joseph J. Tribbia, National Center for  
Atmospheric Research 
Chair: Andrew F. B. Tompson, 
Lawrence Livermore National Laboratory 
Rio Grande Ballroom 

9: 15 AM-9:45 AM Coffee 

8:30 AM-9:15 AM 

Sun Terrace 
9:45 AM-1 1:45 AM Concurrent Sessions 

MS38 Effect of Microprocesses and 
Microstructure on Soil Properties 
and Fluid Flow in Porous Media 
(Part II of II) 
Organizers: Carlo D. Montemagno, 
Cornell University; Andrew F. B. 
Tompson, Lawrence Livermore National 
Laboratory; William G. Gray, Univer- 
sity of Notre Dame; and Wendy E. Soll, 
Los Alamos National Laboratory 
Rio Grande Ballroom 
MS39 Optimization Methods in 
Geophysics 
Organizers: Mrinal K. Sen and Jake 
Aggarwal, University of Texas, Austin 
Weavers Room 
CP12 Stochastic Methods in Porous 
Media 
Chair: Brent Lindquist, State University 
of New York, Stony Brook 
Potters Room 
CP13 Reservoir Simulation Ill 
Chair: Stephen Lyons, Mobil Research 
and Development Corporation 
Turcoise Room 
CP14 Seismic Inversion/lmaging Ill 
Chair: William W. Symes, Rice University 
Isleta Room 
CPl5 Parameter Estimation/History 
Matching 
Chair: Debra L. Hughson, New Mexico 
Institute of Mining and Technology 
Jemez Room 
CP16 Flow and Transport Processes 
Chair: Hong Wang, University of South 
Carolina, Columbia 
Sandia Room 

11 :45 AM Conference adjourns 



8:30 Ah4-9:15 AM 
Chair: James G. Glimm, State 
University of New York, Stony Brook 
Rio Grande Ballroom 

IP1 
Fluids in Porous Media: 
Angstroms to Kilometers 
Porous media are hierarchical in struc- 
ture. At times this hierarchy is discrete, at 
others continuous, and at still others a 
mixture of the two. The speaker has been 
involved with constructing theories of 
flow and deformation over both discrete 
and continuous hierarchies, on scales 
ranging from angstroms to kilometers. In 
this presentation, he will provide an out- 
line of his efforts over the previous five 
to ten years. 
Statistical mechanical techniques are used 
to delineate the anomalous character of 
fluids in microporous media. Hybrid 
mixture theory is used to study swelling 
colloids on the “meso” and “macro” 
scales. Stochastic perturbation theory is 
used to study reservoir scale anomalous 
dispersion. Network models and perco- 
lation are used on the “mega” scale to 
examine flow and transport in fractured 
media. 
John H. Cushman 
Center for Applied Mathematics, 
Purdue Uuniversity, West Lafayette 

9 ~ 1 5  Ah4-1O:OO AM 
Chair: James G. Glimm, State 
University of New York, Stony Brook 
Rio Grande Ballroom 

IP2 
Scale-up of Flow in 
Porous Media 
Risk management and risk reduction are 
increasingly important in the recovery of 
oil. A challenging component of the risk 
assessment problem is to estimate uncer- 
tainties in oil production resulting from 
uncertainties in geological models. An 
approach to performing these estimates 
on the basis of fine scale simulations in 
highly detailed geologies leads to pro- 
hibitively expensive computations, and 
there is a compelling need for rapid and 
accurate simulation methods based on 
fluid flow grids coarser than those used 
in describing the geology. This is the 
scale-up problem. The present state of 
the art is to run a few sensitivity studies 
(alternate geology models) using fine 
scale reservoir descriptions which have 
been “scaled-up’’ to fit into reservoir 
simulators. In this presentation, the 
speaker will address new scale-up results 
obtained with an approach that combines 
three strategies: (i) a computational 
renormalization group (RNG) technique 
for the scale-up of multiphase flow, (ii) 
scale-up of absolute permeabilities using 
an (extended) homogenization method, 
and (iii) a (limited) implementation of 
adaptive mesh refinement. The speaker 
will also discuss more fundamental com- 
putations aimed at assessing the validity 
of RNG methods for porous media flow. 
David H. Sharp 
Los Alamos National Laboratory 

10:30 AM-12~30 PM 
Rio Grande Ballroom 

MS1 
Numerical Simulation of 
Field-Scale Remediation for 
Heterogeneous Subsurface 
Conditions (Part I of II) 
Summary not submitted. 

Organizer: Jeffrey P. Holland 
Waterways Experiment Station, U.S. 
A m y  Corps of Engineers 

10:30 Some Directions in High 
Performance Parameter Estimation 
David E. Dougherty, University of 
Vermont 

1 1 :00 Modeling Mass Transfer 
Phenomena in Heterogeneous 
Subsurface Systems 
Cass T. Miller, Joseph F. Kanney, and 
Joseph A. Pedit, University of 
North Carolina, Chapel Hill 

1 1 :30 Network Models for Field-Scale 
Analysis of Conservative Contami- 
nant Transport 
John F. Peters and Stacy E. Howington, 
U.S. Army Engineer Waterways 
Experiment Station; and Robert S. Maier, 
Army High Performance Computing 
Research Center 

Transport Model in Permeable 
Media 
Mary F. Wheeler, University of Texas, 
Austin 

12:OO A Parallel Multiphase Flow and 

10:30 AM-12130 PM 
Potters Room 

MS2 
Inverse Methods and History 
Matching in Flow and Trans- 
port 
Recent research has focused on using data 
from both pressure or head and transmissivity 
or permeability data to reconstruct plausible 
maps of the associated variables. This joint 
use of data often has a geostatistical basis and 
includes estimation and prediction. The speak- 
ers will discuss these and other techniques, 
including optimization methods. They will 
also consider the effects of variation of input 
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parameters and effects on decision making. 
The minisymposium should be of interest to 
hydrologists, petroleum engineers, and envi- 
ronmental engineers. 

Organizer: Allan Gutjahr 
New Mexico Institute of Mining and 
Technology 

10:30 Stochastic Inverse Methods: 
Coconditional Moments of Con- 
ductivity, Hydraulic Head, and 
Velocity Fields in Variably Satu- 
rated Porous Media 
T. -C. Jim Yeh, University of Arizona 

1 1 :00 Estimation of Multiphase Flow 

A. Ted Watson, Texas A&M University 
1 1 :30 New Challenges in Aquifer 

Characterization: On the Integra- 
tion of Geophysical Remote- 
Sensing Data and Tracer Data with 
Conventional Hydrogeological 
Testing 
Yoram Rubin, University of California, 
Berkeley 

Hydrogeology and the Challenge 
of Heterogeneity 

Functions in Porous Media 

12:OO Inverse Problems in 

Peter K. Kitanidis, Stanford University 

10~30 AM-12:30 PM 
Weavers Room 

MS3 
Upscaling Complex Flows in 
Strongly Heterogeneous 
Porous Medium 
There is now a need for scaling-up very com- 
plex flow, for example, flow arising in non- 
newtonian fluids, fissured porous medium, 
double porosity/permeability , capillary effects 
vs. convection, sorbption, and dispersivity. 
These problems arise in various fields such as 
chemical engineering, fluid mechanics, soil 
science, and mathematics. Up to now, there 
have been no general answer and few rigorous 
results for these problems. The aim of this 
minisymposium is to bring together special- 
ists from different fields who are involved in 
modelling complex fluid displacement and 
willing to address the similarities emerging 
from these models. 

Organizer: Alain P. Bourgeat 
Universite St Etienne, France 

10:30 Dual Porosity Models for 
Consolidation of Swelling Clay 
Soils 
Marcio A. Murad, LNCC/CNPq, Brazil; 
and John H. Cushman, Purdue University 

1 1 :00 Numerical Homogenization of 
Stationary and Ergodic Random 
Permeability Field 
Anca Badea, CRES, Elf Antar, France; 
and Alain P. Bourgeat, Organizer 

1 1 :30 Homogenized Models with 
Memory Effects for the Compress- 
ible Two-Phase Flow Through 
Highly Heterogeneous Porous 
Media 
Mikhail B. Panfilov, Russian Academy of 
Sciences, Russia 

12:OO Numerical Upscaling of 
Strongly Heterogeneous Media 
Using a Multiscale FEM 
Thomas Y. Hou, California Institute of 
Technology 

10~30 AM-12:30 PM 
Jemez Room 

MS4 
Characteristic Methods for 
Advection - Dominated 
Flows 
Advection-dominated PDEs describe the trans- 
port of solutes in groundwater and surface 
water (possibly with biologicalkhemicalha- 
diological reactions), the disposal of hazard- 
ous nuclear waste in underground reposito- 
ries, the displacement of oil by water in oil 
recovery, and many other important applica- 
tions. Because of the hyperbolic nature of 
these problems, many numerical methods ex- 
hibit oscillations, numerical dispersion, or a 
combination of both. There are two types of 
improvements in general, Eulerian or charac- 
teristic methods. Eulerian methods are easy to 
implement but have to use small time steps. 
Characteristic methods yield accurate numeri- 
cal solutions even if large time steps are used. 
The speakers in this minisyposium address 
the state-of-the-art development of the char- 
acteristic methods for single-phase flow such 
as the reactive transport with biodegradation, 
operator-splitting techniques for two-phase 
flows, characteristic methods for composi- 
tional models, and Eulerian-Lagrangian lo- 
calized adjoint methods for transport equa- 
tions. 

Organizer: Hong Wang 
University of South Carolina, Columbia 

1 0:30 Eulerian-Lagrangian Localized 
Adjoint Methods for Reactive 
Transport with Biodegradation 
Hong Wang, Organizer; Richard E. 
Ewing, Texas A&M University; and 
Michael A. Celia, Princeton University 

1 1 :00 Corrected Operator Splitting 
for Nonlinear Advection-Diffusion 
Equations in Two Space Dimen- 
sions 
Kenneth Hvistendahl Karlsen, Helge K. 
Dahle, and Johnny Froyen, University of 
Bergen, Norway; Knut-A. Lie, 
Norwegian University of Science and 
Technology, Norway; and Nils Henrik 
Risebro, University of Oslo, Norway 

Simulator for Compositional Flow 
Guan Qin, Mobil Technology Company 

12:OO An ELLAM Scheme for Advec- 
tion-Dispersion Equations 
Hong Wang, Organizer 

1 1 :30 Development of an ELLAM 

10:30 AM-12130 PM 
Sandia Room 

MS5 
Computational Issues in 
Geostatistical Simulation for 
Petroleum Reservoir Char- 
acterization 
Geostatistical simulation techniques are be- 
coming widely used throughout the petroleum 
industry as a means of effectively enhancing 
reservoir description. As the demand for finer- 
scaled characterization increases, and as new 
algortihms are developed to satisfy that de- 
mand, an ongoing challenge is to provide the 
computational capabilities and resources nec- 
essary to produce realistic solutions. The ob- 
jective of this minisymposium is to present 
some of the most current thinking and re- 
search in geostatistical computing, to describe 
recent developments in geostatistical simula- 
tion methodology, and to showcase novel 
applications in petroleum reservoir character- 
ization, with emphasis on computational solu- 
tions. 

Organizer: Timothy C. Coburn 
National Renewable Energy Laboratory, 
Golden, Colorado 

10:30 Non-Stationary Geostatistics: 
Integrating Geologic Trends 
Jeffrey M. Yams, Geomath US, Inc., 
Houston, Texas 
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1 1 :00 Cosimulation Technique for 
Reservoir Characterization 
Asnul Bahar and Mohan Kelkar, 
University of Tulsa 

1 1 :30 The Geostatistical Toolkit: 
Putting Algorithms Into Practice 
Without Hitting your Thumb 
William M. Bashore, Reservoir 
Characterization Research and Consulting 
Inc., Fullerton, California 

Simulation of Petrophysical Data 
from Carbonate Outcrops 
James W. Jennings Jr., University of 
Texas, Austin 

12:OO Geostatistical Analysis and 

10:30 AM-12~30 PM 
Isleta Room 

MS6 
Thermal-Hydrologic Model- 
ing in Geologic Disposal of 
High-level Radioactive 
Waste (Part I of II) 
Alterations to the natural hydrologic system 
due to the emplacement of heat generating 
radioactive waste are being investigated with 
respect to potential effects on waste reposi- 
tory performance. Numerical modeling to 
simulate coupled heat and groundwater flow 
is being employed in the unsaturated and 
saturated zones. Considerable uncertainties 
remain concerning appropriate conceptual 
models of flow processes and parameter val- 
ues for geologic media. The speakers will 
present results of numerical simulations for 
various conceptual models, at different scales, 
and compare the effects of dimensionality for 
the thermal-hydrologic system at a potential 
repository at Yucca Mountain, Nevada. 

Organizers: Nicholas D. Francis 
and Bill W. Arnold 
Sandia National Laboratories, Albu- 
querque 

10:30 Thermo-Hydrologic Modeling 
of the Potential Repository at 
Yucca Mountain Using a 3-D Site- 
Scale Unsaturated-Zone Model 
Nicholas D. Francis, Organizer; C. K. 
Ho, Sandia National Laboratories, 
Albuquerque; Bill W. Arnold, Organizer; 
S. Mishra, W. H. Statham, and H. Zhang, 
INTERA, Austin, Texas; M. Bandurraga 
and J. Wu, Lawrence Berkeley National 
Laboratory 

1 1 :00 Thermal-Hydrologic Response 
in the Saturated Zone to a Potential 
High-Level Radioactive Waste 
Repository at Yucca Mountain, 
Nevada 
Bill W. Amold, Organizer 

1 1 :30 Three Dimensional Modeling of 
Near-Field Thermal-Hydrological 
Behavior at Yucca Mountain 
Thomas A. Buscheck, Lawrence 
Livermore National Laboratory 

an In Situ Heater Test 
Jens T. Birkholzer and Y. W. Tsang, 
Lawrence Berkeley National Laboratory 

12:OO Three Dimensional Modeling of 

10130 AM-1:00 PM 
Turcoise Room 

MS7 
large-Scale Seismic Model- 
ing 
This session addresses large-scale seismic 
modeling, the algorithms, the computational 
resources, the model parameters, and current 
issues. Seismic model studies are used exten- 
sively to validate geological concepts and test 
seismic inverse algorithms. Realistic two and 
three dimensional synthetic seismic models 
are both expensive to compute and time con- 
suming. The speakers will address the rel- 
evant issues of algorithms, wave equations, 
numerical approximations, and computational 
science. Industrial examples will be discussed. 

Organizers: Paul 1. Stoffa, 

and Ken Kelly, 
University of Texas, Austin; 

Amoco Technology Center 
10:30 Group and Energy Velocities of 

Body Waves in Lossy Dispersive 
Media - New Results Simplify the 
Picture 
L. Neil Frazer, University of Hawaii, 
Manoa 

1 1 :00 large Scale 3D Earthquake 
Simulations Using a Desktop 
Computer 
Robert W. Graves, Woodward-Clyde 
Federal Services, Pasadena, California 

Brian Kennett, Australian National 
University, Australia 

John Etgen, Amoco Technology Center 

Tim Kunz, Amoco Technology Center 

1 1 :30 Title to be announced 

12:OO Title to be announced 

12:30 Title to be announced 

2:OO PM-2145 PM 
Rio Grande Ballroom 
Chair: Michael Christie, BP Explora- 
tion 

IP3 
Effective Coarse Scale 
Descriptions of 
Multiphase Displace- 
ments in Heterogeneous 
Reservoirs 
Geological input to reservoir simulators 
is typically in the form of highly detailed 
geostatistical representations of reser- 
voir properties. These detailed models 
are particularly important for understand- 
ing reservoir performance, as fine scale 
details information properties can domi- 
nate reservoir flow behavior in some 
cases. The direct use of these models for 
reservoir flow simulation is not gener- 
ally feasible, however, as their high level 
of detail (millions of cells) places pro- 
hibitive demands on computational re- 
sources. 
In this presentation, the speaker will dis- 
cuss an approach for the scale-up of 
detailed geologic models, based in part 
on homogenization theory. The method 
involves the generation of a nonuniformly 
coarsened grid, designed to resolve the 
important extremes of the fine scale per- 
meability field, coupled with the calcula- 
tion of equivalent single phase flow pa- 
rameters. The speaker will demonstrate 
the accuracy and applicability of the 
method through several examples involv- 
ing multiphase displacements in a vari- 
ety of heterogeneous reservoirs. Finally, 
he will discuss an empirical moment- 
based description for multiphase flow on 
the coarse scale. 
Louis J.  Durlofsky 
Chevron Petroleum Technology 
Company, La Habra, California 
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3115 PM-5:15 PM 
Rio Grande Ballroom 

MS8 
Numerical Simulation of 
Field-Scale Remediation for 
Heterogeneous Subsurface 
Conditions (Part II of II) 

(For description, see Part I, MSl.) 
Organizer: Jeffrey P. Holland 
Waterways Experiment Station, US. 
Army Corps of Engineers 

tive Modeling of a Surfactant 
Remediation Field Test 
Gary A. Pope, D. C. McKinney, M. 
Delshad, and C. L. Brown, University of 
Texas, Austin 

3: 15 A Successful Example of Predic- 

3:45 Redox Stability: Numerical and 
Applied Aspects 
Laura Toran, Oak Ridge National 
Laboratory; Steve Byrant, University of 
Texas, Austin; Fredrik Saaf, Rice 
University; and Mary F. Wheeler, 
University of Texas, Austin 

4:15 Computational Analysis of In- 
Situ Groundwater Contaminant 
Destruction Based Upon Thermally 
Enhanced Oxidation and 
Bioaugmentation Technologies 
Andrew F. B. Tompson, Charles R. 
Carrigan, John J. Nitao, Kenneth J. 
Jackson, and Kevin G. Knauss, Lawrence 
Livermore National Laboratory 

Mechanistic Process Modeling and 
Engineering Analysis 
Steve Yabusaki and Ashok Chilakapati, 
Pacific Northwest National Laboratory 

4:45 Reactive Transport Science: 

3:15 PM-5~15 PM 
Potters Room 

MS9 
Thermal-Hydrologic Model- 
ing in Geologic Disposal of 
High- level Radioactive 
Waste (Part II of II) 

(For description, see Part I, MS6.) 
Organizers: Nicholas D. Francis 
and Bill W. Arnold 

querque 
Sandia National Laboratories, Albu- 

3: 15 The Impact of Radioactive 
Decay Heat on the Transport of 
Radionuclides in the Unsaturated 
Zone at Yucca Mountain, Nevada 
Bruce A. Robinson, Los Alamos National 
Laboratory 

3:45 Evalutation of 2-D Drift-Scale 
Thermohydrology Abstractions for 
Total System Performance at 
Yucca Mountain, Nevada 
Bryan E. Dunlap, INTERNCRWMS 
M&O, Las Vegas, Nevada 

4: 15 Thermo-Hydrologic Modeling of 
the Single Heater Test at the 
Exploratory Studies Facility, Yucca 
Mountain, Nevada 
Nicholas D. Francis, Organizer; and S. R. 
Sobolik, Sandia National Laboratories, 
Albuquerque 

4:45 Title and speaker to be an- 
nounced 

3:15 PM-5115 PM 
Weavers Room 

MSlO 
Modeling in Heterogeneous 
and Non-Isotropic Materials 
Modeling flows and contaminant transport in 
heterogeneous and non-isotropic materials is 
difficult. The best techniques use a combina- 
tion of adaptive grids and specially designed 
discretization methods. The speakers will 
present some of the latest results for adaptive 
logically rectangular grids and finite-volume 
type discretizations. In particular, adapting 
the grid to the flow or material properties 
tends to produce a rough grid, so the 
discretization method must be robust for non- 
smooth grids. 

Organizers: Stanly 1. Steinberg, 
University of New Mexico; 
and Mikhail Shashkov, 
Los Alamos National Laboratory 

Geologic Materials Using Adaptive 
Gridding to Minimize Heterogene- 
ity 

3: 15 Second Order Methods for 

Thomas H. Robey, Khoral Research, Inc., 
Albuquerque 

3:45 Support Operator Discretizations 
of Flow Problems in Heterogenous 
and Non-Isotropic Media 
Stanly L. Steinberg, Organizer; James 
Hyman, Los Alamos National 
Laboratory; and Mikhail Shashkov, 
Organizer 

4: 15 Modeling Reactive Flow in 
Heterogeneous Porous Media 
Bryan J. Travis, Los Alamos National 
Laboratory 

neous Media: The Dupuit Approxi- 
mation versus the Phreatic Bound- 
ary Condition 
Patrick M. Knupp and Dale Rucker, 
Ecodynamics Research Associates, 
Albuquerque; and Thomas F. Corbet, 
Sandia National Laboratories, 
Albuquerque 

4:45 Unconfined Flow in Heteroge- 

3:15 PM-5115 PM 
Turcoise Room 

MSl1 
Adaptive Finite Volume/ 
Multigrid Simulation of Vari- 
able Density Flows in Porous 
Media 
In subsurface flow and transport near salt 
domes, the density of the liquid phase depends 
on the solute concentration, i.e., one has to 
deal with strongly coupled flow and transport. 
Despite a lot of activity since the 1980s to 
develop appropriate software for variable den- 
sity flows, it became clear only recently that 
the strong nonlinearity and weak stability of 
the problem (fingering) require high resolu- 
tion to prevent qualitatively wrong answers. 
With 3D simulations of realistic field situa- 
tions in mind, various features seem to be 
necessary for a feasible code: grid adaption on 
the basis of a posteriori error estimators, mul- 
tilevel resolution of the discrete nonlinear or 
linear set of equations, and the efficient use of 
parallel computers. In Germany, a project has 
been set up consisting of five research groups 
to accomplish such code. The speakers will 
disucss the work of three of the groups. 

Organizer: Peter Knabner 
University of Erlangen, Germany 

3: 15 The Modeling of Variable 
Density Flows in Heterogeneous 
Porous Media 
Carsten Schwarz, Sascha Oswald, and 
Wolfgang Kinzelbach, Eidgenossische 
Technische Hochschule Zurich, 
Switzerland 

3:45 Finite Volume Discretization of 
Variable Density Flows 
Peter Frolkovic, University of Erlangen, 
Germany 



4:45 Monte Carlo Simulation of 
Radioactive Contaminant Trans- 
port in the Geologic Media near 
Yucca Mountain, Nevada 
Sumit Mukhopadhyay, Purdue University 

3:15 PM-5:15 PM 
Sandia Room 

MS13 
Bayesian Versus Frequentist 
Methods of Inference 
Inference from finite, noisy data is a basic tool 
in geophyics. Yet there are fundamental philo- 
sophical differences as to how these infer- 
ences should be made. These philosophical 
differences have practical implications. The 
goal of this minisymposium is to provide a 
forum for comparing and contrasting Baye- 
sian and frequentist methods of inference. To 
make inferences fromreal data one must quan- 
tify not only what it means to fit the data, but 
also what it means for a model to be reason- 
able or not. There are two strategies for intro- 
ducing this a priori information. Bayesians 
introduce prior information in the form of 
probabilities on the spaces of models and data. 
For frequentists, the only probability distribu- 
tions are associated with data errors. Prior 
information is introduced deterministically. 
Some issues include whether geophysical in- 
formation should be represented 
probabilistically, and if so, how these prob- 
abilities can be reliably computed, and whether 
deterministic information such as constraints 
and bounds take sufficient advantage of the 
real geophysical information that we have at 
our disposal. The minisymposium speakers 
will consist of advocates of the Bayesian 
approach and advocates of the frequentist 
approach. Their presentations will address the 
fundamental philosophical and practical is- 
sues. 

Organizer: John A. Scales 

Inverse Problems 

Colorado School of Mines 
3: 15 Complex a Priori Information in 

Klaus Mosegaard, University of 
Copenhagen, Denmark 

Earth? (And if So, Are They 
Loaded?) 
Philip B. Stark, University of California, 
Berkeley 

4:15 Probability Theory: Why People 
Don't Understand? 
Albert Tarantola, Institut de Physique du 
Globe, France 

3:45 Does God Play Dice with the 

4:45 Two Modes of Inference 
David Freedman, University of 
California, Berkeley 

3 ~ 1 5  PM-5~15 PM 
Isleta Room 

MS14 
Seismic Ima ,,ig anc 
sion (Part I o ? II) Iliver- 

This session concerns the imaging and inver- 
sion of acoustic and elastic seismic data in two 
and three dimensions, including migration, 
imaging, tomography, and model based in- 
version methods. The advent of large three 
dimensional seismic surveys is driving the 
development of new and efficient inversion 
methods. Someof these methods include aniso- 
tropic media and the effects of visco-elasticity 
which further complicate modeling and inver- 
sion. 

Organizers: Eileen McCarron, 
Amoco Technology Center; 
and R. Phillip Bording, 
University of Texas, Austin 

3: 15 Background Velocity Estimation 
for Prestack Migration and AVO 
Mrinal K. Sen and Paul Stoffa, University 
of Texas, Austin 

3:45 Application of Prestack Inver- 
sion Methods to the Mobil AVO 
Data Set 
Bob Keys, Mobil E & P Technology 
Center 

4: 15 A Massively Parallel Computer 
for the Elastic Wave Equation 
R. Phillip Bording, Organizer 

Dan Whitmore, Amoco Technology 
Center 

4:45 Title to be announced 

5 ~ 3 0  PM-7130 PM 
Sun Terrace (weather permitting) or 
Pueblo Room 

Poster Session 
and Welcoming 
Reception 
2:45 PM Poster Setup begins. 
Numerical Methods for Solving the 

Different Inverse Problems of the 
Theory of Electromagnetoelasticity 
A. K Avdeev, E. V. Goruynov, V. I. 
Priimenko, Institute of Mathematics, 
Russia 



Conference Progt-m 12 1 GEOSCIENCES 

Monday, June 16 

Numerical Studies of the Flow and 
Saline Intrusion in the Estuary of the 
Gironde 
K. D. Nguyen and Sylvain Guillou, 
UniversitC de Caen, France 

An Equation Describing Turbulent 
Tracer Transport: An Alternative to 
Parabolic and Goldstein-Monin- 
Gupta Models 
Richard Ammons, Missoula, MT 

ing Implementation of a Non- 
Scaling Dispersion Model 
Jeffrey V. Butera, North Carolina State 
University 

Gas Mixing in Porous Media 
Marc0 L. Verlaan and Cor P.J.W. van 
Kruijsdijk, Delft University of 
Technology, The Netherlands 

Method-of-lines Solution of Richards’ 
Equation II: Two Space Dimensions 
C.T. Kelley, M. D. Tocci, and C.T. 
Miller, North Carolina State University 

Time-Evolution of the Ozone Layer: 
Steady-State Conditions from 
Irreversible Thermodynamics 
Modelling 
Florin Caldararu, ECOSEN Research 
Laboratory Ltd., Romania; Stefan 
Patrascu, University of Bucharest, 
Romania; Mka Caldararu, ECOSEN 
Research Laboratory Ltd., Romania; and 
Dan Nicolaescu, Nagoya Institute of 
Technology, Japan 

A Parallel, Automatic Load-Balanc- 

The Effect of Immobile Water on Gas/ 

A Novel Concept for Numerical 
Methods for Multidimensional 
Inverse Problems 
Michael V. Klibanov, Thomas R. Lucas, 
and Robert M. Frank, University of North 
Carolina, Charlotte 

A Shooting-based Finite Element 
Technique for the Accurate 
Computation of Eigenfrequencies 
of the Earth 
Maria I. Corcuera, Francisco J. Navarro, 
Maria L. Cuadrado, and Jose M. Corrales, 
Universidad Politecnica de Madrid, Spain 

Inverse Modeling of a Radially 
Convergent Tracer Test in a Sand 
and Gravel Aquifer 
Geoffrey C. Bohling, James J. Butler, Jr., 
and Carl D. McElwee, Kansas Geological 
Survey 

Petrov-Wavelet-Galerkin Methods for 
Linear and Non-Linear Hyperbolic 
Equations 
Margarete 0. Domingues and Sonia M. 
Gomes, IMECC-UNICAMP, Brazil 

Bayesian Prediction in Contaminant 

Transport 
Ben G. Fitzpatrick, North Carolina State 
University 

Two-Phase Flow with Phase Transi- 
tions through Porous Media: 
Boundary Layer Phenomena, 
Spatial Phase Structures, Instabili- 
ties 
Mikhail Panfilov, Russian Academy of 
Sciences, Russia 

Operator Splitting and an Inverse 
Problem for the Buckley-Leverett 
Equation 
Kari Brusdal, University of Bergen, 
Norway 

PARMEST, A Universal Code for 
Parameter Estimation During 
Inverse Modeling 
LawrenceE. Allen and Eileen P. Poeter, 
Colorado School of Mines, Golden; Mary 
C. Hill, United States Geological Survey, 
Denver; and Earl V. Edris, United States 
Army, Waterways, Vicksburg, MS 

Influence of Heterogenities on a 
Twophase Flow Process in a 
Fracture 
Insa Neuweiler and W. Kinzelbach, Swiss 
Federal Institute of Technology, 
Switzerland 

A Modified EN0 Method for First 
Order Hyperbolic Systems 
Robert H. Hoar, University of Wisconsin, 
La Crosse 

Fronts in Porous Media 
Bagus Sudaryanto and Yannis C. Yortsos, 
University of Southern California 

Optimal Control of Displacement 

Global Optimization for Identifying 
Unknown Parameter Zone Configu- 
ration of Distributed Parameter 
Systems 
Min Sun, University of Alabama, 
Tuscaloosa 

Estimating Hydraulic Parameters 
from a Well Model Including 
Storage Capacity 
Stephan Schumacher, Marian Slodicka, 
University of the Federal Armed Forces 
Munich, Germany; and Uwe Jaekel, 
Institute of Chemistry and Dynamics of 
the Geosphere 4, Germany 

Momentum Transport and Scaling 
Behavior of Flow Normal to the 
Interface of Dissimilar Porous 
Media 
James R. Leith, University of New 
Mexico, Albuquerque 

Using the Space Transform Method in 
Geosciences 
Marc L. Serre, George Christakos and 

Dionissios T. Hristopulos, University of 
North Carolina, Chapel Hill 

2.5D Finite-difference Modeling of 
Teleseismic Waveform 
Takenaka Hiroshi, Kyushu University, 
Japan; and Okamoto Taro, Tokyo 
Institute of Technology, Japan 

a Composite from Effective 
Dielectric Measurements 
Elena Cherkaeva, University of Utah 

Finite Element Analysis for Predicting 
the Rock Failures Around the 
Wellbore 
Yahya Rin Sukirman and Lim Ah Ho, 
Universiti Teknologi Malaysia, Malaysia 

Domain Decomposition for for Two- 
Phase Flow in a Porous Medium 
with Two Rock Types 
J. JaffrC, J.E. Roberts, and Xuewen 
Wang, INRIA-Rocquencourt, France 

CWP Object-Oriented Optimization 
Library (COOOL) 
H. Lydia Deng and Wences Gouveia, 
Mobil Technology Company, Dallas; and 
John A. Scales, Colorado School of 
Mines 

I 

Identification of the Microstructure of 

On Numerical Multi-Block Grids In 
Coastal Ocean Circulation Model- 
ing 
Le Ngoc Ly, Naval Postgraduate School; 
and Phu Luong, NAVOCEANO, Stennis 
Space Center, MS 

Three-Dimensional Electromagnetic 
Geophysical Inversion Using 
Massively Parallel Computers 
David L. Alumbaugh and Gregory A. 
Newman, Sandia National Laboratories 

Applications of the Domain Decom- 
position Method for Mixed Finite 
Element Approximations on Non- 
Matching Grids in Groundwater 
Modeling 
Serguei Maliassov, University of 
Minnesota, Minneapolis 



8~30 AM-9:15 AM 
Rio Grande Ballroom 
Chair: Mary F. Wheeler, University 
of Texas, Austin 

Uniqueness Conditions in 
a Hyperbolic Model for 
Oil Recovery by Steam 
Drive 
The speaker will present a simplified 
model for oil recovery by steam drive. 
The model assumes the existence of a 
Steam Condensation Front (SCF) which 
propagates at a speed determined from a 
local energy balance and that capillary 
forces are absent. The resulting hyper- 
bolic transport equations for the phases, 
oil, water, and steam, can only be solved 
whenmatching conditions across the SCF 
are known. The speaker will demonstrate 
explicitly how to obtain such conditions 
and show how different transition mod- 
els yield different matching conditions. 
In particular, he will discuss the influ- 
ence of the local temperature and steam 
behaviour, as well as the form of the 
capillary forces in the transition model. 
Hans J. van Duijn 
Centre for Mathematics and Com- 
puter Science (CWI), The Netherlands 

9:15 AM-10:00 AM 
Rio Grande Ballroom 
Chair: Mary F. Wheeler, University 
of Texas, Austin 

IP5 
Applications of Optimi- 
zation, Numerical Analy- 
sis, and Parallel Process- 
ing to Groundwater 
Remediation 
Groundwater remediation is an extremely 
expensive environmental problem. In this 
talk, the speaker will discuss the cou- 
pling of nonlinear optimal control algo- 
rithms to groundwater contaminant trans- 
port PDE models in order to identify 
cost-effective designs for groundwater 
remediation. Because of the computa- 
tional difficulty of solving large-scale 
optimal control problems and the uncer- 
tainty of groundwater transport models, 
a number of approaches have been taken 
to improve computational efficiency and 
performance under uncertainty. The 
speaker will show brief video that in- 
cludes animated computer graphics de- 
scribing the movement of contamination 
through the groundwater in response to 
optimal and sub-optimal pumping strate- 
gies. She will also discuss applications to 
bioremediation problems and algorithms 
for parallel processing for nonlinear op- 
timal control problems. 
Christine Shoemaker 
School of Civil and Environmental 
Engineering, Cornell University 

10:30 AM-12~30 PM 
Rio Grande Ballroom 

MS15 
Modeling of Multiscale 
Phenomena in Porous Me- 
dia (Part II of IV) 

(For description, see Part I, MS12.) 
Organizers: Lynn S. Bennethum 
and Thomas F. Russell 
University of Colorado, Denver 

10:30 Upscaling Reservoir Heteroge- 
neities for Flow Simulation 
Peter R. King, BP Exploration, United 
Kingdom 

for Scale-up Problem and 
Renormalized Perturbation Expansion 
Qiang Zhang, State University of New 
York, Stony Brook 

1 1 :30 The Relative Roles of Heteroge- 
neity and Nonlinearity in the 
Scale-up Problem 

1 1 :00 Multilength Scale Theories 

James Glimm and Lianjun An, State 
University of New York, Stony Brook 

12:OO Scale Up of Heterogeneous 
Three-Dimensional Porous Media: 
Fractals, Renormalization Group 
Transformations, and Wavelets 
Muhammad Sahimi, University of 
Southern California 

10130 AM-12:30 PM 
Turcoise Room 

MS16 
Modeling and Analysis of 
In-Situ Bioremediation Sys- 
tems 
In-situ bioremediation is a promising technol- 
ogy to restore groundwater and soil contami- 
nated with organic pollutants because of its 
cost effectiveness and its potential capability 
of completely destroying the harmful com- 
pounds. Current methods include direct nu- 
merical simulations on three-dimensional 
problems; analysis and asymptotic methods 
on one dimensional systems, which are used 
to confirm detailed numerical results and con- 
solidate our understanding. More effort is 
needed to bridge the gap between numerical 
and analytical results. 
The speakers will present numerical simula- 
tion and mathematical analysis of traveling 
fronts arising in pollutant remove1 processes 
where a sorbing pollutant is degraded by in- 
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digenous bacteria stimulated by the injection 
of a limiting nonsorbing nutrient; numerical 
solute transport code for evaluating natural 
bioremediation, petroleum hydrocarbon spills, 
and chlorinated solvent plumes in groundwa- 
ter; and simulations of coupled electron ac- 
ceptor-based biodegradation and multiple 
hydrocarbon compound transport. 

Organizer: Jack X. Xin 
University of Arizona 

10:30 Characterization of Traveling 
Waves and Analytical Estimation of 
Pollutant Removal in One-Dimen- 
sional Subsurface Bioremediation 
Modeling 
Albert J. Valocchi and Shunji Oya, 
University of Illinois, Urbana-Champaign 

Bioremediafion in Groundwater 
Mark A. Widdowson, Virginia 
Polytechnic Institute and State University 

1 1 :00 Modeling Intrinsic 

1 1 :30 Traveling Waves in a Numeri- 
cal Model of Subsurface 
Bioremediation 
Bryan Travis, Los Alamos National 
Laboratory 

Traveling Waves in a Biodegrada- 
tion Model for Organic Contami- 
nants 
R. Murray, University of Arizona, and 
Jack X. Xin, Organizer 

12:OO Existence and Stability of 

10:30 AM-12:30 PM 
Isleta Room 

MS17 
Optimization Techniques in 
Groundwater Remediation 
This minisymposium addresses optimization 
techniques and their application in groundwa- 
ter remediation. The frequency and costs as- 
sociated with characterization, containment, 
cleanup, and monitoring are staggering. Opti- 
mization methods are being used to reduce 
costs, health hazards, and risk of design 
failure. Traditional optimization methods and 
novel methods are being combined, adapted, 
and revised because the computational size of 
environmental remediation problems is so 
large, yet the observation set is sparse and 
makes systemuncertainty an inescapable fact. 
All aspects of groundwater remediation de- 
sign - ranging from site characterization to 
reliability analysis - are considered within 
the scope of this session. 

Organizer: David E. Dougherty 
University of Vermont 

10:30 Interpreting Partitioning Tracer 
Data for NAPL Characterization: 
The Inverse Problem 
Daene C. McKinney, University of 
Texas, Austin 

1 1 :00 Coupling Risk and Cost in a 
Multi-Objective Framework for 
Optimizing Remediation Design 
Alex S. Mayer, Michigan Technological 
University 

1 1 :30 Recurrent Neural Networks and 
Groundwater Remediation Design 
Donna M. Rizzo, University of Vermont 

12:OO An Effective Procedure to 
Select Hydraulic Conductivity 
Scenarios for Groundwater Man- 
agement Problems That Use the 
Robust Optimization Approach 
George P. Karatzas, University of 
Vermont 

10:30 AM-12130 PM 
Potters Room 

MS18 
Finite Volume and Mixed 
Finite Element Methods in 
Geoscience Applications 
Geophysical applications require the devel- 
opment of numerical methods that are conser- 
vative, compute fluxes accurately, work on 
general meshes, and on equations with dis- 
continuous tensor coefficients. Finite volume 
methods are conservative and work for dis- 
continuous coefficients, but are difficult to 
generalize for distorted meshes and tensor 
coefficients. Mixed finite element methods 
are conservative and work for tensor coeffi- 
cients, but are not well defined on distorted 
meshes. The speakers will discuss theoretical 
and computational aspects of FV and MFE 
methods. 

Organizer: llya D. Mishev 

for Flow in Multiblock Domains with 
Non-Matching Grids 
Ivan Yotov, Todd Arbogast, and Mary F. 
Wheeler, University of Texas, Austin 

Raytcho D. Lazarov, Texas A&M 
University 

Duke University 
10:30 Mixed Finite Element Method 

1 1 :00 Finite Volume Methods 

1 1 :30 Control-Volume Mixed Finite 
Element Methods for Subsurface 
Flow Equations 
Thomas F. Russell, University of 
Colorado, Denver; Zhiqiang Cai, Purdue 
University; Jim E. Jones, ICASE; and 
Stephen F. McCormick, University of 
Colorado, Boulder 

12:OO Mixed Finite Volume Methods 
Jean-Marie Thomas, IPRA Avenue de 
L’UniversitC, France 

10130 AM-12130 PM 
Jemez Room 

MS19 
Numerical Modelin of 
Ocean Circulation ? Part I of 
11) 
An understanding of ocean circulation is im- 
portant in fields that include climate model- 
ing, weather prediction, the monitoring of 
biological species, and the operation of off- 
shore structures. For example, the ocean has a 
major impact on global climate due in part to 
its enormous capacity to store and transport 
heat energy. However, due to the scarcity of 
data and the complexity of time-dependent 
oceanic flows, the study of the ocean’s role in 
climate must include high-resolution numeri- 
cal simulations over periods of many years. 
Existing numerical ocean models have reached 
a high level of sophistication, but major im- 
provements are still needed in the description 
of ocean physics and in the efficiency and 
accuracy of numerical algorithms. In this 
minisymposium, the speakers will describe 
recent developments in these areas. 

Organizer: Robert L. Higdon 

10:30 Noteworthy Features of the 
World Ocean Circulation Seen in 
Multilayer Model Simulations 

Oregon State University 

Rainer Bleck, University of Miami; and 
Sumner H. Dean, Los Alamos National 
Laboratory 

1 1 :00 The Effect of the Viscous 
Boundary layer on Differential 
Systems for Ocean Flows 
Gerald Browning, Colorado State 
University; H.-0.  Kreiss, University of 
California, Los Angeles; F. Olsson, 
Colorado State University; and M. 
Palumbo, ENEA 

1 1 :30 Diapycnal Mixing by Micro- 
structures in the Ocean 
Roland de Szoeke, Oregon State 
University 
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12:OO Stochastic Theory of Adiabatic 

Richard D. Smith and John Dukowicz, 
Los Alamos National Laboratory 

Stratified Turbulence 

10130 AM-12130 PM 
Sandia Room 

MS20 
Object-Oriented Program- 
ming for Geophysical Esti- 
mation 
Geophysical estimation (or inversion) couples 
optimization and simulation to predict inter- 
nal Earth structure from remote data. Modern 
simulators involve complex data structures, 
and therefore mate poorly with optimization 
packages written in structure-poor procedural 
programming languages such as Fortran. Thus 
the efforts of the numerical analysis commu- 
nity to provide high-quality software for opti- 
mization have had relatively little impact in 
geophysical inversion. Object-oriented pro- 
gramming promises a way out of this dilemna, 
in that it offers a natural means for connecting 
standard numerical optimization code, for in- 
stance, to simulators using data structures of 
essentially arbitrary complexity. While 00 
programming is now the dominant software 
style in many areas of computing, it has been 
slow to penetrate scientific computing, due to 
deficits in standards, portability, and perfor- 
mance. Many of these deficits have been over- 
come in recent years, and rapid development 
of object-oriented numerics for large-scale 
geophysical applications now appears pos- 
sible. The speakers in this session will review 
recent work in geophysical 00 numerics, 
including class libraries for optimization, 
mixed language programming, and emerging 
alternatives to C++ such as Java, Eiffel, and 
object-oriented extensions of Lisp. They will 
end with a panel discussion on the tools and 
techniques needed to get 00 programming 
into general use in the geophysical commu- 
nity. 

Organizer: William W. Symes 
Rice University 

10:30 The Hilbert Class Library: C++ 
Base Classes for Optimization 
Mark S. Gockenbach, University of 
Michigan, Ann Arbor; and William W. 
Symes, Organizer 

1 1 :00 Interactive, Object-Oriented 
Calculation with Lisp-Stat 
John A. Scales, Colorado School of 
Mines 

1 1 :30 Java in Geophysics: A Sum- 
mary of Experience I Hope to Have 
Acquired Before Giving this Talk 
Martin Smith, New England Research 

12:OO C++/F90 Classes for Geophysi- 
cal Data Processing 
Biondo L. Biondi, Stanford University 

10130 AM-12:30 PM 
Weavers Room 

MS21 
Seismic Imaging and Inver- 
sion (Part II of II) 

(For description, see Part I, MS14.) 
Organizers: Eileen McCarron, 
Amoco Technology Center; 
and R. Phillip Bording, 
University of Texas, Austin 

Optimization in Petroleum Explora- 
tion and Production 
Michael D. McCormack and Donald J. 
MacAllister, ARC0 Exploration and 
Production Technology Company 

Fred Aminzadeh, Unocal, Sugarland, 
Texas 

Ken Kelly, Amoco Technology Center 

10:30 Applications of Stochastic 

1 1 :00 Title to be announced 

1 1 :30 Title to be announced 

2100 PM-2:45 PM 
Rio Grande Ballroom 
Chair: Thomas F. Russell, University 
of Colorado, Denver 

On the Significance of 
Effective Properties in 
Flow and Transport in 
Heterogeneous Porous 
Formations 
It is common to model flow and transport 
in heterogeneous formations by replac- 
ing the medium by a homogeneous one 
of effective properties (conductivity, dis- 
persion coefficient). Such an approach is 
justified by the large ratio that prevails in 
many applications between the scales 
characterizing the domain, the mean flow 
nonunifonnity and the plume size on one 
hand, and the heterogeneity scale on the 
other. In contrast, in the case of natural 
porous formations (aquifers, petroleum 
reservoirs) the heterogeneity scale may 
be of the same order, or even larger than 
other scales. 
The speaker will discuss the limitations 
of the concept of effective properties, 
regarded as alimitcase of upscaledprop- 
erties. Subsequently, he will recall alter- 
native approaches to modeling mean 
nonuniform and unsteady flows, as well 
as flow in formations of evolving scales, 
and review the approach to modeling 
transport under nonergodic conditions. 

Faculty of Engineering, Tel Aviv 
University, Israel 

Gedeon Dagan 
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3:15 PM-5:15 PM 
Turcoise Room 

MS22 
Numerical Modeling of 
Ocean Circulation (Part II of II) 

(For description, see Part I, MS19.) 

Oregon State University 
Organizer: Robert 1. Higdon 

3: 15 Applying the Principle of 
Dynamical Similarity to Ocean 
Model Design 
Albert J. Semtner, Naval Postgraduate 
School 

Leapfrog Advection Scheme for 
Both Momentum and Tracers in 
Ocean Models 
John Dukowicz, Los Alamos National 
Laboratory 

3:45 Towards a Nonoscillatory 

4:15 Stability and Error Control for 

Joseph Oliger, Stanford University 
4:45 MPDATA - A General Positive 

Definite Solver for Geophysical 
Flows 

Adaptive Grid Methods 

Piotr K. Smolarkiewicz, National Center 
for Atmospheric Research 

3115 PM-5:15 PM 
Potters Room 

MS23 
Biofilms in Porous Media 
The behavior of biofilms in porous media 
systems is of importance to the mining indus- 
try for the microbially enhanced leaching of 
metals from ores, to the petroleum industry 
for the control of biofilm accumulation to 
prevent plugging in enhanced oil recovery, 
and to the water resources industry for the 
treatment of water in packed bed reactors or 
for in-situ bioremediation. Current research 
efforts focus on three different approaches; 
intensive simulation of microscale models, 
homogenization of microscale models, and 
direct development of mesoscale and 
macroscale models. The speakers in this ses- 
sion will discuss mathematical and computa- 
tional issues that arise when attempting to 
describe both the physics of biofilms and the 
effect of biofilms on the hydrodynamics in a 
porous medium. They will also describe vali- 
dation with experimental results. 

Organizer: Kenneth 1. Bowers 
Montana State University 

3: 15 The Effect of Biofilms on the 
Porosity and Permeability of a 
Porous Medium 
Sunil K. Tiwari, Sonoma State 
University; and Kenneth L. Bowers, 
Organizer 

3:45 Multi-Scale Parameter Estima- 
tion Techniques for Flow in Porous 
Media 
Michael S. Pilant and Yan Zheng, Texas 
A&M University 

4: 15 A Network Model for Biofilm 
Growth and Its Effects in Porous 
Media 
Brian Suchomel, University of 
Minnesota, Minneapolis; Benito Chen 
and Myron B. Allen, University of 
Wyoming 

4:45 Modeling Reaction-Diffusion 
Systems Governing Biofilm Growth 
in Porous Media 
Myron B. Allen, Benito Chen, and Hristo 
Kojouharov, University of Wyoming 

3 ~ 1 5  PM-5:15 PM 
Weavers Room 

MS24 
Estimating Nonlinear Prop- 
erties in Models of Flow 
Through Porous Media 
Equations for simulating many displacement 
processes in porous media are nonlinear par- 
tial differential equations. Several of the prop- 
erties within the equations, such as relative 
permeabilities and capillary pressure for 
multiphase flow, are functions of one or more 
state (or dependent) variables. These proper- 
ties are not measured directly, but may be 
estimated indirectly from measurements in 
the laboratory or field. This estimation prob- 
lem poses a number of challenges, including 
selection of functional representations, solu- 
tion of associated optimization problems, and 
selection of experimental designs for accurate 
estimates. The speakers in this minisymposium 
will present their recent work about estimat- 
ing nonlinear properties from laboratory ex- 
periments. 

Organizers: Jerome Jaff re, 

and A. Ted Watson, 
INRIA, France; 

Texas A&M University 

3: 15 Functional Representation and 
Model Nonlinearity in Estimation of 
Porous Media Properties From 
Laboratory Data 
Trond Mannseth and Jan-Erik Nordtvedt, 
RF - Rogaland Research, Norway; Kari 
Brusdal, Alv-Arne Grimstad, Kristofer 
Kolltveit, University of Bergen, Norway; 
and A. Ted Watson, Organizer 

in Porous Media 
A. Ted Watson, Organizer 

4: 15 Identification of Nonlinear 
Adsorption Isotherms from Break- 
through Column Experiments 
Bodo Igler and Peter Knabner, 
University of Erlangen-Nuremberg, 
Germany 

4:45 Automatic Estimation of Three- 

3:45 Characterizing Gas Desorption 

Phase Relative Permeabilities from 
Laboratory Experiments by Using a 
Least-Squares Method 
Guy Chavent, Universitt Paris-Dauphine 
and INRIA, France; Jerome Jaffre, 
Organizer; and Sophie Jegou, Universitt 
Paris-Dauphine and INRIA, France 

3 ~ 1 5  PM-5115 PM 
Rio Grande Ballroom 

MS25 
Modeling of Multiscale 
Phenomena in Porous be- 
dia (Part 111 of IV) 

(For description, see Part I, MS12.) 
Organizers: Lynn S. Bennethum 
and Thomas F. Russell 
University of Colorado, Denver 

3:15 Experimental Verification of 
Non-Local Theory for Dispersion in 
Aperiodic Porous Media 
Robert A. Greenkorn, Nancy C .  Erwin, 
and R. Keith Kuo, Purdue University, 
West Lafayette; and Steven A. Altobelli, 
The Lovelace Institutes, Albuquerque 

3:45 Intermediate-Scale Experiments 
on NAP1 Entrapment, Mass Trans- 
fer, and Dissolution in Heteroge- 
neous Porous Media 
Tissa Illangasekare, University of 
Colorado, Boulder 

4: 15 Three-Dimensional Lagrangian 
Analysis of Non Reactive Pollutant 
Dispersion in a Saturated Porous 
Medium by means of PTV Tech- 
nique 
Paolo Viotti, Roads University of Rome, 
Italy 
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4:45 Streamtube Ensemble Ap- 
proach for Multicomponent 
Nonlinear Reactive Transport: 
Simple Mixing within Streamtubes 
Tim R. Ginn, University of California, 
Davis; and A. Chilakapati, C. S. 
Simmons, and E. M. Murphy, Battelle 
PNNL, Richland 

3:15 PM-5:45 PM 
Isleta Room 

MS26 
Estimating Velocities from 
Surface Seismic Data 
The most critical element in prestack seismic 
processing is the subsurface velocity distribu- 
tion. It must be estimated from the surface 
data and possibly very sparsely sampled sub- 
surface measurements. Velocity is most diffi- 
cult to control precisely in those regions of 
complex geological structure where it is needed 
the most. Velocity estimation methods in wide- 
spread industrial use are highly interactive, 
offering the advantages of direct application 
of human judgement and the disadvantage of 
very high workload. Partly automatic model 
based methods might permit the use of much 
more of the data to constrain the velocity, 
especially in 3D processing. The speaker in 
this session will provide an overview of sev- 
eral recently developed velocity estimation 
methods, all based on some form of automatic 
data fitting. They willattempt acomparisonof 
advantages and drawbacks in a panel discus- 
sion at the end of the session. 

Organizer: William W. Symes 
Rice University 

3: 15 Least Squares Velocity Inversion 
Using Simulated Annealing 
R. Phillip Bording, University of Texas, 
Austin 

3:45 Velocity Inversion by Migration- 
Based Traveltime Formulation 
Guy Chavent, Universitt de Paris- 
Dauphine and INRIA, France; Francois 
Clement, INRIA, France; and Yann- 
Heme de Roeck, IFREMER, France 

Velocity Field with Stereo-Tomog- 
raPhY 
Frederic Billette and Gilles Lambare, 
Ecole des Mines de Paris, France 

4:45 Velocity Estimation by Differen- 

4:15 Determination of a Smooth 

tial Semblance Optimization 
William W. Symes, Organizer 

3:15 PM-5:15 PM 
Jemez Room 

MS27 
Effective Numerical Meth- 
ods for Multiscale Hetero- 
geneous Problems in Geo- 
physics 
The speakers will present some effective nu- 
merical methods to capture correctly large 
scale solutions for flows through highly het- 
erogeneous media. A central idea is to intro- 
duce multiscale finite elements which are 
adapted to the local microstructures of the 
flow. Thus, the effect of small scale informa- 
tion on the large scale is properly taken into 
account. The methods presented by the speak- 
ers apply to general multiscale problems with- 
out restricive assumptions on scale separation 
and periodicity. 

Organizers: Thomas Y. Hou and 
Xiao-Hui Wu 
California institute of Technology 

3:15 A Multiscale Finite Element 
Method for Capturing Large Scale 
Solutions 
Thomas Y. Hou, Organizer 

3:45 Effective Numerical Methods for 
Porous Media Flows and Transport 
Problems 
Xiao-Hui Wu, California Institute of 
Technology 

Turbulent Flows 
Albert Fannjian, University of California, 
Davis 

4: 15 Passive Scalar Diffusion in 

4:45 High Contrast Impedance 
Tomography 
Liliana Borcea, California Institute of 
Technology; James Berryman, Lawrence 
Livermore National Laboratory; and 
George Papanicolaov, Stanford 
University 

3:15 PM-5~15 PM 
Sandia Room 

MS28 
Artificial Intelligence in 
Geosciences 
Artificial Intelligence (AI) in geosciences has 
traditionally taken a backstage even though a 
significant array of problems encountered in 
geosciences are highly nonlinear and multidi- 
mensional in nature. Recently, due to prolif- 
eration of high-speed computers and the wide- 
spread popularity enjoyed by AI in parallel 
fields, geoscience professionals have started 
investigating AI as an viable alternative to 
system modeling. In this minisymposium, the 
speakers will be addressing a gamut of issues 
in AI applications to Geosciences, including 
neural networks in groundwater remediation, 
oil reservoir characterization, and determin- 
ing reservoir permeability. The topics have 
been carefully chosen to emphasize the versa- 
tility of using AI to resolve issues in geo- 
sciences. 

Organizers: Ahmed Ouenes and 
Adwait Chawathe 
New Mexico Petroleum Recovery 
Research Center 

3:15 Optimal Groundwater 
Remediation Using Neural Net- 
works and Genetic Algorithms 
Leah L. Rogers, Lawrence Livermore 
National Laboratory 

Network Technology to Petroleum 
Engineering Problems 

3:45 Applying Artifical Neural 

Manmath Panda, ARC0 Oil and Gas 
4: 15 Can We Predict Permeability 

Using Neural Networks? 
Mirna Urquidi-MacDonald, Pennsylvania 
State University 

4:45 Predicting Interwell 
Petrophysical Properties Using 
Neural Networks and Crosswell 
Tomography 
Adwait Chawathe, Organizer 
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8~30 AM-9~15 AM 
Rio Grande Ballroom 
Chair: William G. Gray, Universio 
of Notre Dame 

IP7 
Modeling Coastal 
Ocean Hydrodynamics 
Using Finite Elements 
Over the past 20 years, finite element 
codes have evolved into robust, accurate, 
and economical tools for modeling three- 
dimensional coastal hydrodynamics and 
transport. Thus, the potential for using 
highly graded grids to address the range 
of scales contained in these flows is now 
being realized. The speaker will discuss 
some of the advancements in model for- 
mulation and implementation that have 
allowed us to reach the present state and 
also indicate some of the remaining chal- 
lenges that we face. He will also summa- 
rize some of the more interesting model- 
ing applications that he has been in- 
volved with using the ADCIRC finite 
element model. 
Rick luettich 
Institute of Marine Sciences, Univer- 
sity of North Carolina, Chapel Hill 

9145 AM-11:45 AM 
Turcoise Room 
Chair: Allan Gutjahr, New Mexico 
Institute of Mining and Technology 

CPl 
Rock Properties/Character- 
ization 
9:45 Three Dimensional Medial Axis 

Construction and Analysis of 
Porous Media 
David A. Coker, State University of New 
York Institute of Technology, Utica; W. 
Brent Lindquist and Teng-Fong Wong, 
State University of New York, Stony 
Brook; John H. Dunsmuir, Exxon 
Research & Engineering Co., Annandale; 
and Arun Venkatarangan, State 
University of New York, Stony Brook 

10:05 An Efficient Bayesian Ap- 
proach for the Estimation and 
Update of Hydrocarbon Reservoir 
Properties 
Alberto Mulinverno and Carlos Torres- 
Verdin, Schlumberger-Doll Research 

10:25 Identification of the Discontinu- 
ous Permeability of a One Phase 
Flow Reservoir by Petrov-Galerkin 
Method 
Xue-Cheng Tui, Helge K. Dahle, Magne 
Espedal, and Johnny Froyen, University 
of Bergen, Norway 

10:45 Scaling of Heterogeneous 
Models of Reservoirs: 
Renormalization Versus Exact 
Results 
Ricardo Paredes, Emesto Medina, 
Adolfo Rodriguez, and Johnny Valbuena, 
Intevep S.A., Venezuela 

Time Seismic Imaging 
Sue Minkoff and R. Phillip Bording, 
University of Texas, Austin 

1 1 :25 Analysis of Stress-Strain Data to 
Predict Dynamic Rock Properties 
Katherine R. McCall and M. J. Jennings, 
University of Nevada, Reno; R. A. 
Guyer, University of Massachusetts, 
Amherst; G. N. Boitnott, New England 
Research Inc., White River Junction, VT 

1 1 :05 Reservoir Characterization via 

9:45 AM-11:45 AM 
Potters Room 
Chair: Johannes J. Westerink, Univer- 
sity of Notre Dame 

CP2 
Ocean Circulation 
9:45 A Collocated Technique for 

Solving a 2D Coastal Model 
Sylvain Guillou and K. D. Nguyen, 
Universite de Caen, France 

10:05 Structure in the Wave-Induced 
Drift Velocity 
Juan Mario Restrepo, University of 
California, Los Angeles; and Gary K. 
Leaf, Argonne National Laboratory 

10:25 Convergence Study of Solutions 
to the Advection Diffusion Equation 
John Atkinson and Joannes Westerink, 
University of Notre Dame 

10:45 Parallelization of Coastal 
Ocean Numerical Models with 
Application to the Gulf of Califor- 
nia: an Object-Oriented Approach 
Jose Gomez-Valdes and Jesus Favela, 
Centro de Investigacion Cientifica y de 
Educacion Superior de Ensenada, Mexico 

1 1 :05 Three-Dimensional Simulations 
with a Spectral Element Ocean 
Model 
Julia Levin, Massachusetts Institute of 
Technology; Mohamed Iskandarani and 
Dale Haidvogel, Rutgers University 

1 1 :25 Estimation of Mean Flow from 
Lagrangian Data 
Leonid I. Piterbarg, CAMS, University of 
Southern California 

9:45 AM-11:45 AM 
Weavers Room 
Chair: Jeffery P. Holland, Waterways 
Experiment Station, US. Army Corps of 
Engineers 

CP3 
Flow in Porous Media I 
9:45 Method-of-lines Solution of 

Richards’ Equation I: One Space 
Dimension 
C. T. Kelley, M. D. Tocci, and C. T. 
Miller, North Carolina State University 

10:05 Analysis of Numerical Methods 
for Variably Saturated Subsurface 
Flow 
Carol S. Woodward, Lawrence Livermore 
National Laboratory; and Clint N. 
Dawson, University of Texas, Austin 
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10:25 Mixed Finite Element Methods 
for Elliptic Equations on 3-Dimen- 
sional Domain 
Mingiun Liu and Junping Wang, 
University of Wyoming 

10:45 least-Squares Finite Element 
Method for Multicomponent Flow 
Deepankar Biswas and Graham F. Carey, 
University of Texas, Austin 

1 1 :00 Mathematical Models, Theo- 
retical Results, and Numerical 
Methods for Multiphase Flow in 
Porous Media 
Zhangxin Chen, Southern Methodist 
University 

9:45 AM-11~45 AM 
Rio Grande Ballroom 
Chair: R. Phillip Bording, University of 
Texas, Austin 

CP4 
Seismic Inversion/lmaging I 
9:45 Seismic Inverse Problems in 

Remote Sensing of Wave Propaga- 
tion Speeds 
K. A. Azzawi, Saddam University, Iraq; 
and S. M. Makky, Yarmouk University, 
Jordan 

10:05 Mathematical Analysis and 
Numerical Methods for Fluid-Solid 
Interaction Problems in the Fre- 
quency Domain 
Xiaobing Feng, University of Tennessee, 
Knoxville 

10:25 Fast Methods for Computing 
First Arrival Times 
James A. Sethian, University of 
California, Berkeley 

10:45 Comparison Between Total 
Variation Regularization Operators 
and Standard Regularization 
Operators for Gravimetric Inverse 
Problems 
Hugo Bertete Aguirre, Elena Cherkaeva, 
and Aaron Fogelson, University of Utah 

1 1 :05 Multilevel Methods for the 
Solution of Ill-Posed Inverse 
Problems 
Eldad Haber and Doug Oldenburg, 
University of British Columbia, Canada 

1 1 :25 Modeling Seismic Wave 
Propagation in Large Basins on 
Parallel Computers 
Hesheng Bao, Jacobo Bielak, Omar 
Ghattas, Loukas Kallivokas, David 
O’Hallaron, Jonathan Shewchuk, and 
Jifeng Xu, Carnegie Mellon University 

1 1 :45 Numerical Realization of the 
Wave Energy Propagation in 
Spectral Models 
Igor Lavrenov, Organization Arctic and 
Antarctic Research Institute, Russia 

9:45 AM-11:45 AM 
Isleta Room 
Chair: William E. Fitzgibbon, Univer- 
sity of Houston 

CP5 
Reservoir Simulation I 
9:45 Handling Discontinuities in 

Numerical Modeling of Petroleum 
Systems in 2-D and 3-D 
Marek Kacewicz, ARC0 Exploration and 
Production Technology, Plano, TX 

10:05 Invasion Percolation with 
Viscous Forces 
Baomin Xu and Yannis C. Yortsos, 
University of Southern California; and 
Dominique Salin, Universite Paris VI and 
UniversitC Paris XI, France 

10:25 Residual Saturation Distribution 
in Heterogeneous Reservoirs 
George A. Virnovsky, RF- Rogaland 
Research Institute, Norway; Hans Kleppe 
and Svein M. Skjaeveland, Stavanger 
College, Norway; Arne Skauge, Norsk 
Hydro, Norway; Hans Martin Helset, RF- 
Rogaland Research Institute, Norway 

Polymer Flooding in Porous Media 
G. Alies Bartelds and Hans Bruining, 
Delft University of Technology, The 
Netherlands 

10:45 Constitutive Relations for 

1 1 :05 Viscous Fingering in Heteroge- 
neous Porous Media 
Anne De Wit, Universite Libre de 
Bruxelles, Belgium; G. M. Homsy, 
Stanford University 

1 1 :20 A Numerical Investigation of 
Gas Evolution and Bubble Migra- 
tion: From the Pore-to the Core- 
Scale 
Steven R. McDougaZl and Kenneth S. 
Sorbie, Heriot-Watt University, Scotland, 
United Kingdom 

9:45 AM-1 1:45 AM 
Jemez Room 
Chair: Richard E. Ewing, Texas A&M 
University, College Station 

CP6 
Upscaling/Homogenization 
9:45 Multigrid Homogenization 

Method 
Stephan Knapek and Michael Griebel, 
Universitat Bonn, Germany 

sis of Macrodispersion in a Di- 
rected Random Flow 
U. Jaekel, H. Schwarze, and H. 
Vereecken, Forschungszentrum Juelich 
GmbH, Germany 

10:05 Renormalization Group Analy- 

10:25 A Non-Scaling Dispersion 
Model for Contaminant Transport 
via Random Processes 
Jeffrey V. Butera, North Carolina State 
University 

10:45 Equivalent Permeability and 
Simulation of Two-Phase Flow in 
Heterogeneous Porous Media 
B. Amaziane, Universite de Pau, France; 
Thierry Hontans, Elf Aquitaine 
Production, EP/P/PRO/GTS, France; J. 
V. Koebbe, Utah State University 

1 1 :05 Modeling the Spatial Averag- 
ing of Multiscale, Mini- 
Permeameter Data Via Linear 
Filtering 
Vincent C. Tidwell, Sandia National 
Laboratories, Albuquerque; John Wilson, 
New Mexico Institute of Mining and 
Technology; and Allan Gutjahr, New 
Mexico Institute of Mining and 
Technology 

1 1 :25 A Weighted Output Least 
Squares Approach to Upscaling of 
One-Phase Flow in Heterogeneous 
Reservoirs 
Bjom Fredrik Nielsen and Aslak Tveito, 
University of Oslo, Norway 

9145 AM-11~45 AM 
Sandia Room 
Chair: Monica L. Martinez, University 
of Texas, Austin 

CP7 
Climate Modeling 
9:45 Finite Element Approximations 

of Solutions of Partial Differential 
Equations on the Sphere 
Amnon J. Meir, Auburn University 
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10:05 A Computationally Efficient 
Model for Sea Ice on Parallel 
Architectures 
Elizabeth C. Hunkeand John K. Dukowicz, 
Los Alamos National Laboratory 

and its Applications 
Govindan Rangarajan, Indian Institute of 
Science, India; and Dhananjay Sant, M. 
S .  University of Baroda, India 

lo:& Parallel Implementation of the 
MC2 Atmospheric Model: an 
Example of a ‘Dusty Deck’ 
Parallelization 
A. V. Malevsky, Centre de Recherche en 
Calcul Applique, Canada; S. J. Thomas 
and M. Desgagne, Recherche en 
prCvision numirique, Environment 
Canada, Canada 

1 1 :05 Transformation and Contain- 
ment of Hazardous Aerosols 
Forcibly Released into the Atmo- 
sphere 

10:25 A Climate Predictability Index 

Richard Ammons, Missoula, MT 

Coverage Method of Partly Cloudy 
NOAA-TIROS Imagery 
Jacques R. Givri, University of Rennes, 
France 

1 1 :25 Maximum Clear Surface 

1 :OO PM- 1 145 PM 
Rio Grande Ballroom 
Chair: Mrinal Sen, University of 
Texas. Austin 

I P8 
The Role of Convex and 
Nonconvex Duality in the 
Inversion of the Reflec- 
tion in Seismic Data for 
Velocities 
Reflection seismic data are one impor- 
tant source of information - if not the 
most importantone-on the structureof 
the underlying earth. The depths being 
investigated range from a few ten meters 
for civil engineering applications, to a 
few kilometers for oil and gas prospection. 
An accurate knowledge of the sound ve- 
locities in the investigated domain is 
critical for the migration (back-projec- 
tion) of the data to provide a crisp image 
of the earth. Velocity determination is 
the most difficult step for the interpreta- 
tion of seismic data. It is usually per- 
formed by tomography or by migration 
velocity analysis (MVA), both of which 
require human expertise for the picking 
of horizons or the interpretation of coher- 
ency panels. For a couple of years, these 
methods have been challenged by the 
least squares (LS) full waveform inver- 
sion which eliminates the need for hu- 
man intervention but suffers from native 
nonoptimizability by local gradient meth- 
ods. 
After explaining the mathematical rela- 
tion between the gradient of the (LS) 
objective function and the migration im- 
agingprocess, the speakerwill show how 
the use of convex duality provides refor- 
mulations of the (LS) approach which 
are more amenable to minimization by 
local methods, and indicate how the ap- 
parently unrelated (MVA) and (LS) ap- 
proaches can be seen as dual. but not 
strictly equivalent problems. 
Guy Chavent 
INRIA, France 

1:45 PM-3:45 PM 
Potters Room 

MS29 
Environmental Surface Flow 
Modeling (Part I of II) 
With the dramatic improvement in computa- 
tional technology in recent years, there has 
been renewed interest in estuarial, coastal, 
and oceanic surface flow modeling. The ap- 
plications are numerous. For instance, some 
applications are the modeling of tidal fluctua- 
tions for those interested in capturing tidal 
energy for commercial purposes, predicting 
tidal ranges and surges which can then be used 
in the development planning of coastal areas, 
and, upon coupling to a transport model, mod- 
eling flow and transport phenomenon. The 
latter application makes it possible to study 
remediation options for polluted bays and 
estuaries, to predict the impact of commercial 
projects on fisheries, to model freshwater- 
saltwater interactions, and to study the effects 
of wetting-induced mineral seepage into 
streams. Currently, there are various hydro- 
dynamic models based on differing philoso- 
phies, for example, those based on primitive 
formulation vs those based on the wave for- 
mulation, or those using finite-difference vs 
those using finite-element or finite-volume 
methods. Questions on correct physics, nu- 
merical stability, numerical convergence, 
physical time-scale, and numerical time-step- 
ping will be answered. 

Organizers: Srinivas Chippada, 
Monica 1. Martinez, and Mary F. 
Wheeler 

1 :45 Godunov-Type Finite Volume 
University of Texas, Austin 

Method for the System of Shallow 
Water Equations 
Srinivas Chippada, Organizer; Clint N .  
Dawson, University of Texas, Austin; 
Monica L. Martinez and Mary F. 
Wheeler, Organizers 

Finite Element Shallow Water Wave 
Equation Models 
Randall L. Kolar, University of 
Oklahoma; J. J. Westerink, University of 
Notre Dame; and N. W. Scheffner, USAE 
Waterways Experiment Station 

2:15 Minimizing Truncation Error in 

2:45 Split Finite Element Model for 
Shallow Water Equations 
Pablo Ortiz, CETA - CEDEX, Spain; and 
0. C. Zienkiewicz, University of Wales, 
United Kingdom 
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3: 15 A Priori Error Estimates for Finite 
Element Models of the System of 
Shallow Water Equations 
Monica L. Martinez and Srinivas 
Chippada, Organizers; Clint N. Dawson, 
University of Texas, Austin; and Mary F. 
Wheeler, Organizer 

1:45PM-3:45 PM 
Rio Grande Ballroom 

Seismic Ima ing 
in Complex !i? tructure 
Formation of seismic images under rugose 
salt bodies, overthrust sediments, and other 
strongly refracting overburdens is substan- 
tially more difficult than image formation in 
less geometrically complex settings. A con- 
siderable part of the remaining frontier petro- 
leum resources are likely to be found in such 
structurally complex zones. Both the kine- 
matics and dynamics of imaging in complex 
structure pose mathematical and computa- 
tional puzzles which are just now beginning to 
be understood. Multiple traveltimes are char- 
acteristic of complex structure, and goodmeth- 
ods for their computation are in rapid develop- 
ment. Conditions under which images can be 
formed have only recently been elucidated, 
and have implications for survey design. The 
speakers in this session will present some 
recent advances in traveltime computation 
and imaging algorithms that promise to render 
imaging in strongly refracting zones feasible. 

Organizer: William W. Symes 
Rice University 

1 :45 Linearized Inversion in Strongly 
Refracting Backgrounds 
T. J. H. Smit, Shell International 
Research 

2:15 Multi-Valued Solutions of the 
Eikonal Equation 
Jean-David Benamou, INRIA, France 

2:45 Conditions for Imaging and 
Controlled Illumination 
Clifford J. Nolan, Rice University 

3:15 Imaging Complex Structures 
with First-Arrival Traveltimes 
Dimitri Bevc, 3DGeo Development, Inc., 
Mountain View, California 

1:45 PM-3:45 PM 
Weavers Room 

MS3 1 
Reaction-Diffusion Systems 
in Geoscience Applications 
(Part I of II) 
Reaction-diffusion systems model chemical 
fluid processes and arise in a wide variety of 
applied contexts. Typically these systems are 
weakly coupled semilinear systems with dif- 
fusion and advection. Specific areas of appli- 
cation in the geosciences include enhanced 
recovery processes in hydrocarbon reservoirs, 
geological deposition, geochemistry, climate 
modeling, combustion theory, and 
biorestoration of contaminated groundwater. 
This two-part minisymposium will feature 
both general theoretical results and specific 
applications. Both analytical and computa- 
tional methods will be discussed. 

Organizer: William E. Fitzgibbon 
University of Houston 

1 :45 Reaction Flows in Porous Media: 
Applications and Theory 

2: 15 Title to be announced 
John Chadam, University of Pittsburgh 

Mary F. Wheeler, University of Texas, 
Austin 

2:45 Energy Balance Climate Models 
with Long-Term Memory 
Georg Hetzer, Auburn University 

3: 15 Some Global Existence Results 
Associated with Balanced Reac- 
tion Diffusion Systems on Heteroge- 
neous Domains 
Jeff Morgan, Texas A&M University; 
and William E. Fitzgibbon, Organizer 

1:45 PM-3:45PM 
Isleta Room 

Modeling of Multiscale 
Phenomena in Porous 
Media (Part IV of IV) 

(For description, see Part I, MS12.) 
Organizers: Lynn S. Bennethum 
and Thomas F. Russell 
University of Colorado, Denver 

1 :45 Thermodynamic Considerations 
in Multiphase Flow 
William G. Gray, University of Notre 
Dame 

2: 15 A Discussion on Local Non- 
Equilibrium Models for Describing 
Flows in Heterogeneous Porous 
Media 
Michel Quintard, Azita Ahmadi, and 
Fabien Cherblanc LEPT-ENS AM, 
France; and Stephen Whitaker, University 
of California, Davis 

Biofilms: A Volume Averaging 
Approach 
Brian D. Wood and Stephen Whitaker, 
University of California, Davis 

3: 15 Constitutive Equations for 
Swelling Particulate Matter with 
Quasistatic Electrodynamics 
Lynn S. Bennethum, Organizer; and John 
H. Cushman, Purdue University 

2:45 Diffusion and Reaction in 

1:45 PM-3:45 PM 
Turcoise Room 

MS33 
Software Tools 
for Porous Media Flow 
Numerical methods implemented as software 
tools are extensively used in all areas of the 
geosciences. Traditionally, such tools were 
implemented as stand-alone codes for a lim- 
ited set of applications. More recently, mod- 
ern techniques for developing software have 
led to the development of problem solving 
environments allowing a user to utilize the 
best tools available for different applications. 
This minisymposium will focus on modern 
software techniques as applied to mathemati- 
cal models of porous media flow. The speak- 
ers will discuss progress in the development 
of simulator environments for problems aris- 
ing in the modeling of groundwater flow, oil 
reservoir flow and chemical reactors. 

Organizers: Hans Petter 
Langtangen and Aslak Tveito 
University of Oslo, Norway 

1 :45 A Simulation Environment for 
Porous Media Flow Applications 
Hilde Erlandsen, SINTEF, Norway; and 
Hans Petter Langtangen and 
Aslak Tveito, Organizers 

2: 15 UNC-SIM: A Problem Solving 
Environment for Simulating Trans- 
port Phenomena in Multiphase 
Systems 
Cuss T. Miller, Matthew W. Farthing, and 
Christopher E. Kees, University of North 
Carolina, Chapel Hill 
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2:45 Two-Phase Fixed Bed Reactor 
Simulator 
Are Magnus Bruaset, SINTEF, Norway: 
Jules M. Kline, Dale A. Larson, and 
Paul H. Merz, Chevron Research and 
Technology Company; and Torgeir 
Rusten, SINTEF, Norway 

3: 15 On the Implementation of an 
Adaptive Finite Element Method for 
the Pressure Equation Arising in 
Reservoir Simulation 
Klas Samuelsson, University of Olso, 
Norway 

1:45 PM-3:45 PM 
Sandia Room 

MS34 
Multigrid Methods for Flow 
and Transport Processes 
in Porous Media 
Forward and inverse modeling of flow and 
transport in porous media poses a wide variety 
of computational challenges. Porous media 
are often highly heterogeneous, thus produc- 
ing a great deal of variation and discontinuities 
in hydraulic conductivity. The model may 
also contain multiple phases, thus posing ad- 
ditional computational difficulties. The speak- 
ers in this session will show that multigrid 
methods are very effective tools for simula- 
tion computations. On the other hand, inverse 
modeling problems, too, can be attacked by a 
multigrid approach, which is demonstrated to 
lead to highly efficient system identification 
methods. The simulation and identification of 
flow and transport processes in porous media is 
a fundamental task in geological application 
problems like, e.g., groundwater remediation. 

Organizers: Rainer Helmig and 
Volker H. Schulz 

1 :45 Multigrid Solution of Two-Phase 
University of Stuttgart, Germany 

Flow in Porous Media 
Peter Bastian, University of Stuttgart, 
Germany 

2: 15 Inverse Modeling for Multiphase 
Flow in Porous Media 
Stefan Finsterle, Lawrence Berkeley 
Laboratories 

2:& Mathematical Modeling and 
Simulation of Multiphase Flow and 
Transport Processes in Heteroge- 
neous Media 
Rainer Helmig, Organizer 

3:15 Multigrid Methods for Parameter 
Identification in Groundwater Flow 
Volker H. Schulz, Organizer 

4:15 PM-6:15 PM 
Rio Grande Ballroom 

Effect of Microprocesses 
and Microstructure on Soil 
Properties and Fluid Flow in 
Porous Media (Part I of II) 
Natural porous media are typically comprised 
of soils and fractured rocks that form an open, 
multiphase, biogeochemical system. They 
have complex physical and chemical compo- 
sitions that continuously interact with fluid 
and gas flows, affecting mass transport as well 
as other weathering or diagenetic processes. 
Research in flow, transport, and reaction pro- 
cesses in porous media is returning to a focus 
on fundamental processes that occur on the 
microscopic (or pore) scale. It is becoming 
clear that understanding the relationship be- 
tween pore scale processes and those at a 
larger continuum scale will be a key element 
in how larger scale flow, mass transfer, and 
reaction processes will be described and mod- 
eled in practical applications. New research is 
bringing together novel observation, experi- 
mental, and computational techniques in a 
highly interdisciplinary fashion. 
The speakers in this session will discuss labo- 
ratory techniquesfor characterizing pore space 
structure, experimental techniques for visual- 
ization and analysis of microscale porous flow 
and transport, microscale modeling of flow 
and transport using experimentally obtained 
information, and methods for upscaling the 
microscale information to the continuum level. 

Organizers: Carlo D. Montemagno, 

Andrew F. B. Tompson; 

William G. Gray, 

and Wendy E. SOH, 

Geometry and the Permeability of 
Natural Porous Media 

Cornell University; 

Lawrence Livermore National Laboratory; 

University of Notre Dame; 

Los Alamos National Laboratory 
4:15 Multifractal Scaling of Pore 

Philippe Baveye, Cornell University 
4:45 Fluid Flow in Real Rock Fractures: 

Measurement Versus Simulation 
William B. Durham, Lawrence Livermore 
National Laboratory; and S. R. Brown, 
Applied Research Associates, South 
Royalton, Vermont 

5: 15 Wormhole Dissolution Patterns 
Resulting from Reactive Transport 
in a Statistically Homogeneous 
Random Porous Medium 
Peter C. Lichtner and Sitakanta Mohanty, 
Southwest Research Institute, San 
Antonio, Texas 

4 ~ 1 5  PM-6:15 PM 
Turcoise Room 

Reaction-Diff usion Systems 
in Geoscience Applications 
(Part II of II) 

(For description, see Part I, MS31.) 

University of Houston 
Organizer: William E. Fitzgibbon 

Surface Tension 
Gieri Simonett, Vanderbilt University; 
and Joachim Escher, University of Basel, 
Switzerland 

4:45 Nonlocal Problems Modeling 
the Formation of Shear Bands 
Jerry Bebemes, University of Colorado, 
Boulder 

4: 15 On Hele-Shaw Models with 

5: 15 Numerical Simulation for 
Groundwater Contaminant Trans- 
port with Biodegradation 
Robert C. Sharpley, University of South 
Carolina, Columbia; Richard E. Ewing, 
Texas A&M University; and Qingmi He 
and Hong Wung, University of South 
Carolina, Columbia 

545 A Degenerate Parabolic Equa- 
tion in Fractured Media with 
Evolutionary Boundary Data 
J. David Logan, University of Nebraska, 
Lincoln 

4:15 PM-6~15 PM 
Potters Room 

MS37 
Environmental Surface Flow 
Modeling (Part II of II) 

(For description, see Part I, MS29.) 
Organizers: Srinivas Chippada, 
Monica 1. Martinez, and Mary F. 
Wheeler 
University of Texas, Austin 

and Drying an Estuarine System 
Junji Matsumoto, Texas Water 
Development Board, Austin 

4: 15 Numerical Experiment on Wetting 
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4:45 Data Assimilation for Circulation 
Hindcasting on Georges Bank 
Daniel R. Lynch and Christopher E. 
Naimie, Dartmouth College; and Charles 
G. Hannah, Oceadyne Environmental 
Consultants, Canada 

515 Constrained Finite Element 
Projections for Environmental Flow 
Models 
Graham F. Carey and G. Bicken, 
University of Texas, Austin; C. Berger, 
Waterways Experiment Station, 
Vicksburg; and V. Carey, University of 
Texas, Austin 

Flow Model for Applications 
Involving Bubble Diffusers 
Robert S. Bernard, Waterways 
Experiment Station, Vicksburg 

545 Three-Dimensional Numerical 

4:15 PM-6:15 PM 
Weavers Room 
Chair: Hans J. van Duijn, Centre for 
Mathematics and Computer Science 
(CWI), The Netherlands 

CP8 
Contaminant Transport/ 
Remediation 
4:15 3D Massive-Parallel Computa- 

tion of Solute Transport in Hetero- 
geneous Porous Media 
T. GraJ U. Hashagen, H. Vereecken, 
Forschungszentrum Juelich GmbH, 
Germany 

4:35 Optimization of Soil Venting 
Horst H. Gerke, Center for Agricultural 
Landscape and Land Use Research 
(ZALF e.V.), Germany; Dr.-Zinn-Weg, 
Eberswalde, Germany; Ulrich Hornung, 
Youcef Kelanemer, Stephan Schumacher, 
and Marian Slodicka, University of the 
Federal Armed Forces Munich, Germany 

455 Transport Models with Adsorp- 
tion Hysteresis 
M. Peszynska and R. E. Showalter, 
University of Texas, Austin 

5: 15 Electrokinetic Transport in Soil 
Clean Up: An Area Averaging 
Approach 
Z. Chen and Pedro Arce, FAMU-Florida 
State University; and Sauer Sharon, Rice 
University 

335 Parallel Adaptive-Grid Modeling 
for Groundwater Mechanics 
Alan K. Stagg, Joseph H. Schmidt, and 
Stacy E. Howington, U. S. Army 
Engineers Waterways Experiment Station 

555  Numerical and Analytical 
Modeling of In-Situ Aquifer 
Bioremediation 
H, Keijzer and S.E.A.T.M. van der Zee, 
Wageningen Agricultural University, The 
Netherlands 

4:15 PM-6:15 PM 
Isleta Room 
Chair: Mrinal Sen, University of Texas, 
Austin 

CP9 
Seismic Inversion/lmaging II 
4:15 An Inversion Algorithm Without 

Adjustable Parameters for NMR 
Logging and Core Data 
Marco A. Duran, EXXON Research and 
Engineering Co., Annandale 

4:35 Total Variation Method for 
Imaging of Electrical Resistance 
Tomography 
Mengchun Yu and David E. Dougherty, 
University of Vermont 

Continuation 
Lucio Tunes Santos, Martin Tygel, and 
Jorg Schleicher, State University of 
Campinas-UNICAMP, Brazil 

455 2.5-D True-Amplitude Offset 

5:15 Inverse Electromagnetic Prob- 
lem with Optimally Designed 
Inductive Source 
Elena Cherkaeva and Alan C. Tripp, 
University of Utah 

535 A Two Point Anisotropic Ray 
Tracing Using low Storage Optimi- 
zation Techniques 
Debora Cores, Pedro Contreras, and 
Reinaldo Michelena, Intevep S. A., 
Venezuela; and Glenn Fung, Universidad 
Simon Bolivar, Venezuela 

Both Inverse and Optimal Control 
Problems 
Thomas F. Coleman and Arun Verma, 
Cornell University 

555 Automatic Differentiation for 

4:15 PM-6:15 PM 
Jemez Room 
Chair: Lou J. Durlofsky, Chevron 
Petroleum Technology 

CPlO 
Reservoir Simulation II 
4:15 Multigrid Applied to Implicit Well 

Problems 
Joel E. Dendy, Jr., Los Alamos National 
Laboratory; Hamdi Tchelepi, Chevron 
Oil Field Research Co., La Habra, 
California 

4:35 A Study on Effects of Grid 
Orientation, Distortion and 
Unstructuredness on Solution 
Accuracy For Reservoir Flows 
Manas K.  Deb, Hui Ning, Mahender P. 
Reddy, Computational Mechanics Co., 
Inc., Austin; John B. Thuren, TEXACO 
EPTD, Houston 

Algorithm for Computing Thermal 
Discontinuous Flows in Porous Media 
Marco A. Vegas-Lundeau, Phillip Colella, 
and Tadeusz W. Patzek, University of 
California, Berkeley 

455 A Sequential Semi-Implicit 

5: 15 Domain Decomposition Meth- 
ods for Reservoir Models with 
Discontinous Permeability 
Magne S. Espedal, Brit Gunn, Ersland 
Randall, and Roger Nybo, University of 
Bergen, Norway 

535 A Control-Volume Mixed Finite- 
Element Method For Single-phase 
Multi-Component Compressible 
Fluid Flow in Porous Media 
Stephen L. Lyons and Guan Qin, Mobil 
Technology Company, Dallas 

vanced Well Modelling 
Yu Ding and L. Farina, Institut Francais 
du Petrole, France 

555 Using Potential Theory in Ad- 

4:15 PM-6~15 PM 
Sandia Room 
Chair: Graham F. Carey, University of 
Texas, Austin 

CPll 
Flow in Porous Media II 
4:15 INTERFLOW: a Calibration 

Method for a Time Dependent 
Groundwater Model 
Sarah Alloisio, Tullia Bonomi, Angelo 
Cavallin, and Giovanni F. Crosta, 
Universita degli Studi, Italy 
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4:35 A Two-Phase Flow Approach of 
Air Sparging in a Layered Soil 
M. I.  J. van Dijke and S.E.A.T.M. van der 
Zee, Wageningen Agricultural 
University, The Netherlands 

455 Wetting Fronts in One Dimen- 
sional Periodically layered Soils 
George Fennemore, GEOMEGA Inc., 
Boulder; and Jack X. Xin, University of 
Arizona 

Moltiphase Flow in Fractured 
Media 
John J. Tran, Andrew Lurnsdaine, and 
Laura J. Pyrak-Nolte, University of Notre 
Dame 

535 A Three-Dimensional Multiphase 
Flow Model for Immiscible Fluids in 
Porous Media 
Logan K. Kuiper, Los Alamos National 
Laboratory 

555 Fractional Flow Heterogeneity in 
Computational Systems: Accuracy 
of Numerical Weighting Schemes 

5: 15 Efficient Simulation of 

Russell T. Johns, and Sathish 
Subramanian, University of Texas, 
Austin; and Birol Dindoruk, Amoco 
Production Technology Group, Tulsa 

Thursday, June 19 

8:30 AM-9~15 AM 
Chair: Andrew F. B. Tompson, 
Lawrence Livermore National 
Laboratory 

Statistical- Dynamical 
Methods in Atmospheric 
Prediction 
Atmospheric prediction has historically 
been an applied science which has pro- 
vided early examples of mathematically 
interesting phenomena such as low order 
chaotic dynamics and sensitive depen- 
dence on initial conditions. The nature of 
the posed forecast problems require, the 
development of methodologies for deal- 
ing with the fact that the atmosphere is a 
system with a very large number of de- 
grees of freedom and which exhibits sen- 
sitive dependence on both initial condi- 
tions and forcing. Over the past several 
years, operational forecasting centers 
have initiated research in two major ar- 
eas - four-dimensional data assimila- 
tion, for the purpose of initial state esti- 
mation, and coarse grained probabilistic 
predictions at the limits of deterministic 
predictability, for extended range out- 
looks. 
The speaker will discuss both problems 
and the current, state-of-the-art tech- 
niques. He will examine the limitations 
of the currently used methods, which are 
derived from linear theory, and suggest 
the need for nonlinear extension. In order 
to reach a level of utility commensurate 
with computational expense, probabilis- 
tic predictions in the short range (for data 
assimilation purposes) or the extended 
range (for climatic anomaly predictions) 
must be capable of giving probabilistic 
information for the situation where a 
probability density forecast becomes 
multi-modal. A prototypical, simplest 
example of such a situation is the plan- 
etary-wave regime transition which the 
speaker will examine in detail. 
Joseph J. Tribbia 
National Center for  Atmospheric 
Research 

9145 AM-1 1:45 AM 
Rio Grande Ballroom 

MS38 
Effect of Microprocesses 
and Microstructure on Soil 
Properties and Fluid Flow in 
Porous Media (Part II of II) 

(For description, see Part I, MS35.) 
Organizers: Carlo D. Montemagno, 
Cornell University; 
Andrew F. B. Tompson; 
Lawrence Livermore National Labora- 
tory; 
William G. Gray, 
University of Notre Dame; 
and Wendy E. SON, 
Los Alamos National Laboratory 

9:45 2-Point Spatial Correlation 
Analysis of Microgeometry Using 
Photoluminescent Volumetric 
Imaging 
Carlo D. Montemagno, Organizer; Y. 
Ma, Cornell University; and S .  Ita, 
Argonne National Laboratory 

10: 15 Synchrotron X-Ray and Light 
Transmission Techniques for 
Visualization Fluid Concentrations 
in Two and Three Plase Fluid 
Systems 
Dave DiCarlo, Cornell University; Tim 
W. J. Bauters, Christophe J. G. Darnault, 
Barnes R. Bierck, Cornell University; 
Carlo D. Montemagno, Organizer; J.- 
Yves Parlange, and Tammo S .  Steenhuis, 
Cornell University 

10:45 Soil Erosion: From the Micro- 
scopic to the Macroscopic 
I. G. Lisle, University of Canberra, 
Australia; C. W. Rose and W. L. Hogarth, 
Griffith University, Australia; P. B. 
Hairsine, CSIRO Division of Soils, 
Australia; G. C. Sander, Griffith 
University, Australia; and J.-Yves 
Parlange, Cornell University 

9:45 AM-llz45 AM 
Weavers Room 

MS39 
Optimization Methods in 
Geophysics 
Geophysical parameter estimation is essential 
for solving the inverse problem. The large 
number of parameters of subsurface models 
make optimization methods attractive. This 
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session addresses the use of gradient schemes, 
linear and non-linear programming, expert 
systems, simulated annealing, and genetic al- 
gorithms. The applications include signal pro- 
cessing, deconvolution, statics corrections, 
velocity analysis, and other aspects of geo- 
physical inverse theory. 

Organizers: Mrinal K. Sen and Jake 
Aggarwal 

9:45 A Neural Network Optimization 
Approach to Automate Velocity 
Estimation for NMO Correction 
Carlos Calderon-Macias, University of 
Texas, Austin; Mrinal K. Sen, Organizer; 
and Paul L. Stoffa, University of Texas, 
Austin 

University of Texas, Austin 

1 1 :05 Stochastic-Perturbation 
Analysis of a Convection-Disper- 
sion-Reaction Equation: Effects of 
Spatially Variable Reaction Rates 
Vladimir Alvarado, Intevep, S .  A,, 
Venezuela; L.E. Scriven and H. T. Davis, 
University of Minnesota, Minneapolis 

9145 AM-11:45 AM 
Turcoise Room 
Chair: Stephen Lyons, Mobil Research 
and Development Corporation 
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10: 15 Gene Expression Messy 
Genetic Algorithms: Foundations 
and Sub-Quadratic Performance 
Hillol Kargupta, Los Alamos National 
Laboratory 

Joydeep Ghosh, University of Texas, 
Austin; and Jake Aggarwal, Organizer 

1 1:15 Title and speaker to be an- 

10:45 Title to be announced 

nounced 

9:45 AM-11~45 AM 
Potters Room 
Chair: Brent Lindquist, State University 
of New York, Stony Brook 

CP12 
Stochastic Methods in Po- 
rous Media 
9:45 Theoretical and Interpretive 

Tools for Incorporating Geologic 
Plausibility into Geostatistical 
Conditional Simulation 
Steven F. Carle and Graham E. Fogg, 
University of California, Davis 

10:05 Markov Chains Corresponding 
to Advection-Dispersion Equations 
with Discontinuous Coefficients 
Eric M. LaBolle, Jeremy Quastel, and 
Graham E. Fogg, University of 
California,Davis 

10:25 Non Ergodic Reactive Transport 
in the Unsaturated Porous Media 
Souheil Ezzedine and Thomas Harter, 
University of California, Davis 

1 0:45 Probabilistic Characterization 
of Flow in Random Porous Media 
Roger Ghanem, The Johns Hopkins 
University 

CP13 
Reservoir Simulation 111 
9:45 Prediction of Fracture Patterns 

with Neural Networks 
Marek Kacewicz, ARC0 Exploration and 
Production Technology, Plano, TX 

10:05 Numerical Simulations of Slug 
Injection in Enhanced Oil Recov- 
ery 
Cristina Cunha, A. C. Correa, and E. 
Bonet, IMECC - UNICAMP, Brazil 

10:25 Well-Posedness of Two-Phase 
Flow Problems Arising in Reservoir 
Simulation 
Achim Schroll, RWTH-Aachen, 
Germany; and Aslak Tveito, University 
of Oslo, Norway 

10:45 A Model for Viscous Fingering 
in Porous Media 
Zhengmin Yang and Yannis C. Yortsos, 
University of Southern California 

1 1 :05 Generalized Model for Two- 
Phase Flow through Porous Media 
with Three Types of Capillary 
Forces 
Irina Panfilova and Mikhail Panfilov, 
Russian Academy of Sciences, Russia 

1 1 :25 Identification of Factors 
Affecting Pseudo Relative Perme- 
ability Curves 
Abdulaziz A. Al-Majed and Saud S .  Al- 
Qtaibi, King Fahd University of 
Petroleum and Minerals, Saudi Arabia 

9:45 AM-1 1 :45 AM 
Isleta Room 
Chair: William W. Symes, Rice University 

CP14 
Seismic Inversion/lmaging 111 
9:45 Piecewise Smooth Models for 

Electromagnetic Inverse Problems 
Hugo Hidalgo, CICESE, Ciencias de la 
Tierra, Mexico; Jose Luis Marroquin, 
CIMAT, Callejon Xalisco S.N., Mexico; 
and Enrique Gomez-Trevino, CICESE, 
Ciencias de la Tierra, Mexico 

10:05 3D Seismic Migration without 
Lateral Splitting 
Michel Kern, INRIA Rocquencourt, 
France 

10:25 A Dual-Grid Nonlinear Inver- 
sion Technique with Applications 
to the Interpretation of DC Resistiv- 
ity Data 
Carlos Torres- Verdin and Vladimir 
Druskin, Schlumberger-Doll Research; 
Sheng Fang, University of Utah; Leonid 
Knizhnerman, Central Geophysical 
Expedition, Russia; and Albert0 
Malinverno, Schlumberger-Doll Research 

10:45 Reverse Time Migration: A 
Pragmatic Approach to 3D Inver- 
sion of Seismic Data 
Ernest0 Bonomi, Mauro Ennas, Carlo 
Nardone, and Enrico Pieroni, CRS4, 
Computational Geophysics Area, Italy 

1 1 :05 Can we Obtain Correct 
Amplitudes with Paraxial Equa- 
tions? 
Francis Collin0 and Benoit Lavaud, 
INRIA-Rocquencourt, France 

1 1 :25 Detection of Lateral Velocity 
Contrasts by Crosswell Traveltime 
Tomography 
J. C. M. Goudswaard, University of 
Utrecht, The Netherlands; A. P. E. ten 
Kroode, Shell Exploration and Production 
B. V., The Netherlands; and R. K. 
Snieder, University of Utrecht, The 
Netherlands 
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Thursday, June 19 Speaker Index 
9:45 AM-11:45 AM 

Jemez Room 
Chair: Debra L. Hughson, New Mexico 
Institute of Mining and Technology 

CPl5 
Parameter Estimation/ 
History Matching 
9:45 Inversion of Soil Conductivity 

Profiles from Geomagnetic Induc- 
tion Measurements 
Brian Borchers, Alex Hilgendorf, and Jan 
M. H. Hendrickx, New Mexico Institute 
of Mining and Technology 

10:05 Numerical Inversion of a Two- 
Phase Hydraulic Test 
Gregory J. Ruskaufland Paul S. Domski, 
INTERA Inc., Albuquerque; Richard 
Beauheim, Sandia National Laboratories, 
Albuquerque; and Stefan Finsterle, 
Lawrence Berkeley National Laboratory 

10:25 Geostatistical Inverse Method 
for Two-Dimensional Saturated 
Groundwater Flow: A Case Study 
Debra L. Hughson and Allan Gutjahr, 
New Mexico Institute of Mining and 
Technology 

10:45 On the Use of Modulated 
Boolean Processes in the Modeling 
of Hydraulic Conductivity 
Christian J. Wypasek and Ben G. 
Fitzpatrick, North Carolina State 
University 

1 1 :05 Identification for Control in the 
Modelling and Management of 
Ground Water Systems 
Giovanni F. Crosta, Universita degli 
Studi, Italy 

Problem for Infiltration 
1 1 :25 Function Parameter Estimation 

Chung-Ki Cho and YongHoon Kwon, 
Pohang University of Science and 
Technology, Korea; and Sungkwon Kang, 
Chosun University, Korea 

914.5 AM-1114.5 AM 
Sandia Room 
Chair: Hong Wang, University of South 
Carolina, Columbia 

CP16 
Flow and Transport Pro- 
cesses 
9:45 A Degenerate Parabolic Equa- 

tion in Fractured Porous Media with 
Evolutionary Boundary Conditions 
Michelle Homp and J. David Logan, 
University of Nebraska, Lincoln 

10:05 Identification of Groundwater 
Contaminant Sources by Means of 
Operational Analysis 
Dongxiao Zhang and Daniel M. 
Tartakovsky, Los Alamos National 
Laboratory 

10:25 Nonisothermal Multiphase 
Subsurface Transport on Parallel 
Computers using Domain Decom- 
position and Message-Passing 
Techniques 
Mario J. Martinez, Polly L. Hopkins, and 
John N. Shadid, Sandia National 
Laboratories, Albuquerque 

10:45 Optimization and Estimations of 
Flow-Transport Characteristics on 
the Basis of Analytical Solutions 
A. R. Kacimov, Kazan University, 
Russia; Daniel M. Tartakovsky, Los 
Alamos National Laboratory; Vittono Di 
Federico, Universitk di Bologna, Italy 

1 1 :05 A Simple Approach for Model- 
ing Micro Preferential-Path Flow 
and Transport in Heterogeneous 
Vadose Zone 
Me1 G. Piepho, Daniel B. Stephens and 
Associates, Inc., Richland 

1 1 :25 Velocity Dependence of 
Dispersion Coefficients in Satu- 
rated and Partially Saturated Flow 
Through Variable Aperture Frac- 
tures 
Russell Detwiler and Harihar Rajaram, 
University of Colorado, Boulder; and 
Robert J. Glass. Sandia National 
Laboratories, Albuquerque 

11:45 AM Conference adjourns 
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Allen, Lawrence E.: Poster: 2:45, 
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Alloisio, Sarah: CP11: 4:15, Wed 
Alurnbaugh, David L.: Poster: 2:45, Mon ........ 12 
Alvarado, Vladirnir: CP12: 1 1 :05, Thu .............. 25 
Arnaziane, B.: CP6: 10:45, Wed ........................ 19 
Aminzadeh, Fred: MS21: 1 1 :OO, Tue 
Arnrnons, Richard: CP7: 1 1 :05, Wed 

Angerrnann, Lutz: MS11: 4:15, Mon 
Arce, Pedro: CP8: 5: 15, Wed ...... 
Arnold, Bill W.: MS6: 1 1 :OO, Mon .. 
Atkinson, John: CP2: 10:25, Wed 
Avdeev, A. V.: Poster: 2:45, Mon 

Poster: 2:45, Mon ........................................... 12 

B 
Bahar, Asnul: MS5: 1 1 :OO, Mon 
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Bastian, Peter: MS34: 1 :45, Wed ........... 

Bebernes, Jerry: 
Benarnou, Jean 
Bennethum. Lyn 
Bernard, Robert 
Bevc, Dirnitri: MS 
Biilette, Frederic: 
Biondi, Biondo L.: 

Bleck, Ruiner: MS19: 10:30, Tue ......................... 14 
Bohiing. Geoffrey C.: Poster: 2:45, Mon .......... 12 
Borcea, Liliana: MS27: 4:45, Tue ....................... 17 
Borchers, Brian: CP15: 9:45, Thu 

MS26: 3: 15, Tue 
Browning, Gerald: 
Brusdal, Kari: Poste 
Buscheck, Thomas A 
Butera, Jeffrey V.: CP6: 10:25, Wed 

:30, Mon ............ 9 

Poster: 2:45, Mon ........................................... 12 

Caldararu, Florin: Poster: 2:45. M 
Calderon-Macias, Carlos: MS39: 

MS37: 5:15, Wed 
Carle, Steven F.: CP12: 9:45, Thu ...................... 25 
Chadarn, John: MS31 : 1 :45, Wed .................... 21 

Chawathe, A 

Cherkaeva, El 
Poster: 2:45, Mon ........................................... 12 

Chippada, Srinivas: MS29: 1 :45, Wed .............. 20 
Clement, Francois: MS26: 3:45. Tue .. 
Coker, David A,: CP1: 9:45, Wed ....... 
Coleman, Thomas F.: CP9: 555, Wed ............. 23 
Corcuera, Maria I.: Poste 
Cores, Debora: CP9: 535, 
Crosta, Giovanni F.: CP15 
Cunha, Cristina: CP13: 10 
Cushrnan, John H.: IP1: 8: 
D 
Dagan, Gedeon: IP6: 2:00, Tue ........................ 15 
de Szoeke, Roland: MS19: 1 1 :30, Tue ...... 
De Wit, Anne: CP5: 1 1 :05, Wed ................ 
Deb, Manas K.: CP10: 4:35, Wed ............. 
Dendy, Joel E., Jr.: CP10: 4:15, Wed ................ 23 
Deng, H. Lydia: Poster: 2:45, Mon 
Detwiler, Russell: CP16: 11 :25, Thu .................... 26 
DiCarlo, Dave: MS38: 10:15, Wed .................... 24 
Ding, Yu: CPlO: 555, Wed ................................. 23 
Domingues, Margarete 0.: Poster: 2:45, 
Dougherty, David E.: MS1: 10:30, 
Dukowicz, John: MS22: 3:45, Tue . 
Dunlap, Bryan E.: MS9: 3:45, Mon 
Duran, Marco A,: CP9: 4:15, Wed 
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CPOl 
Three Dimensional  Medial Axis  Cons t ruc t ion  a n d  
Analysis of Porous Media 
We present results from a medial axis study of Berea 
and Fountainebleu sandstones. The medial axis transform 
maps any volume filling object down to it’s “spine”. Thus, 
geometric characterization of the pore space is possible. 
The three dimensional digitized images of the rock samples 
were obtained from high resolution X-ray tomography. Di- 
rect quantitative measurement of local and nonlocal quan- 
tities associated with the morphology of the void space was 
performed. These quantities include pore branching, cur- 
vature and tortuosity of individual paths in the void medial 
axis, distances between branch points, relative location of 
throats, throat cross sectional areas, and pore size distri- 
butions. 
David A. Coker 
Dept. of Math and Science 
SUNY Institute of Technology 
Utica, NY 13504 
E-mail: coker@sunyit.edu 

W. Brent Lindquist 
Dept. of Applied Math and Statistics 
SUNY, Stony Brook 
Stony Brook, NY 119743600 
E-mail: lindquis@ams.sunysb.edu 

Teng-Fong Wong 
Dept. of Earth and Space Sciences 
SUNY, Stony Brook 
Stony Brook, N Y  11974 

John H. Dunsmuir 
Exxon Research & Engineering Co. 
US Route 22 East, Annandale, N.J. 08801 
Email:  jhdunsm@erenj .com 

Arun Venkatarangan 
Dept. of Applied Math and Statistics 
SUNY, Stony Brook 
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CPOl 
An Efficient Bayesian Approach  for the Es t imat ion  
and Update of Hydrocarbon Reservoir  Properties 
A general problem in the characterization and monitoring 
of hydrocarbon reservoirs is the estimation of parameters 
needed to  describe the reservoir and forecast its perfor- 
mance. This estimation has to  be done using sparse mea- 
surements (seismic, electromagnetic, gravity, pore pres- 
sure, etc.). In a Bayesian framework, knowledge of the 
parameters of interest is quantified by way of probability 
density functions (pdfs). Specifically, Bayes’ rule gives a 
relationship between the prior pdf (which quantifies infor- 
mation independent of the measurements), the likelihood 
function (which quantifies information contained in the 
measurements), and the posterior pdf (which combines all 
information). A problem in this approach is that the poste- 
rior pdf cannot be computed explicitly whenever there is a 
large number of unknown parameters. A common solution 
is the use of Markov chain methods to  sample the posterior 
pdf (e.g., the Metropolis algorithm and Gibbs sampling). 
We have implemented a Markov chain algorithm that al- 
lows us to  use approximate forward modeling calculations 
(which comprise the most time-consuming step) to  sample 

the posterior pdf. We show an application of this algorithm 
to  the estimation in space and time of water saturation 
fronts from DC resistivity measurements. The Bayesian 
framework also provides an efficient way to  continuously 
update the estimates of saturation front locations as new 
measurements become available. 
Alberto Malinverno and Carlos Torres-Verdin 
Schlumberger-Doll Research 
Old Quarry Road, Ridgefield, CT 06877 
Email: alberto@ridgefield.sdr.slb.com 
ctorres@ridgefield.sdr.slb.com 

CPOl 
Analysis of Stress-Strain Data to Predict D y n a m i c  
Rock P r o p e r t i e s  
We have developed a statistical description of the elastic- 
ity of materials exhibiting hysteretic stress-strain. The re- 
sponse of the material is the macroscopic sum of the re- 
sponses of individual microscopic features. The density of 
hysteretic features is plotted in Preisach-Mayergoyz (PM) 
space. We combine an effective medium theory with the 
Ph4 space picture to  produce predictive capability for ex- 
periments. Our method is demonstrated using stress-strain 
measurements that probe the compressional and torsional 
elasticity of Berea sandstone. 
Katherine R. McCall and M. J. Jennings 
Department of Physics 
University of Nevada, Reno, NV 89557-0058 
E-mail: mccall@physics.unr.edu 

R. A. Guyer 
Department of Physics 
University of Massachusetts, Amherst, MA 01003 

G. N. Boitnott 
New England Research Inc. 
White River Junction, VT 

CPOl 
Reservoir  Charac te r iza t ion  v ia  T i m e  Seismic Imag- 
ing 
The 3D SEG/EAEG model dataset (1993) contains com- 
plicating features common to  data from the Gulf of Mex- 
ico: namely, dipping layers, a large salt intrusion, and a 
gas reservoir located below the salt. This data provides 
an interesting setting for testing the effects of changes in 
the hydrocarbon (fluid) reserves (perhaps via enhanced re- 
covery) on seismic images of the subsurface collected over a 
period of time. We describe a series of model studies which 
combine reservoir flow simulation with seismic imaging to  
produce a characterization of the reservoir. 
Sue Minkoff 
Center for Subsurface Modeling 
Texas Institute for Computational & Applied Math 
(TICAM) 
Taylor Hall 2.316 
University of Texas, Austin, TX 78712 
Email: sminkoff@ticam.utexas.edu 
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CPOl 
Scaling of Heterogeneous Models of Reservoirs: 
Renormalization versus Exact Results 
The scaling of transport properties in disordered porous 
media is of great importance in the description and simu- 
lation of oil reservoirs. In this work we validate the Migdal- 
Kadanoff renormalization group scheme making quanti- 
tative comparisons with the exact solution of disordered 
square lattices emulating simulation blocks. Heterogeneity 
of blocks is extracted from either a) Power law b) Log- 
normal, and c) Weibull, probability distribution functions. 
A disorder length is defined to measure the renormalized 
heterogeneity strength. 
Ricardo Paredes, Ernest0 Medina, Adolfo Rodriguez, and 
Johnny Valbuena 
Intevep S.A. 
Apartado 76343 
Caracas 1070A, Venezuela 
E-mail: ricardo@intevep.pdv.com 

CPOl 
Identification of the Discontinuous Permeability of 
a One Phase Flow Reservoir by Petrov-Galerkin 
Method 
Assume that observations of the velocity field of one-phase 
flow in a heterogenous reservoir are given. We shall use 
numerical methods to  identify the permeability. Output- 
least-square’s method will be utilzed. In solving the mini- 
mization problems, we need to  compute the equation many 
times. The CPU time requirement for solving a practi- 
cal problems is exceeding the power of ordinary comput- 
ers. Here, we shall present some new algorithms, which 
just need to  solve some linear algebra equations in the nu- 
merical procedure. When the permeability is continuous, 
successful numerical results have been obtained by using 
ordinary finite element methods. For discontinuous per- 
meability, Chan and Tai have used total variation regu- 
larization to  identify the peameability. Here, we will use 
Petrov-Galerkin finite element method to identify the per- 
meability with high jumps. 
Xue-Chenn Tai, Helge K. Dahle, Magne Espedal and 
Johnny Froyen. Department of Mathematics 
University of Bergen 
N-5008 Bergen, Norway 
Emails: tai@mi.uib.no; reshd@mi.uib.no; 
resme@mi.uib.no; johnny@mi.uib.no 

E-mail: atkinson.2@nd.edu, jjw@photius.ce.nd.edu 

CP02 
Parallelization of Coastal Ocean Numerical Mod- 
els with Application to the Gulf of California: an 
Object-Oriented Approach 
Two-dimensional vertically integrated transport simula- 
tions are performed in an objet-oriented framework. The 
system works consists of four numerical models. Each nu- 
merical model is tested using a simple class whose defini- 
tion consists of model parameters and numerical methods. 
Then, we use class inheritance techniques to  reach the ob- 
ject model. Parallelization using PVM is performed to each 
numerical model. In an object-oriented framework, com- 
parison among models is straightforward. New instances, 
for example the inclusion of more physical processes in the 
four numerical models or the inclusion of more numerical 
models in the system, can be defined as incremental mod- 
ifications and extensions of existing objects in our C++ 
code. Model result surface elevations agree well with tide 
gauge observations along the Gulf of California. The tidal 
barotropic transport through the gulf’s strait is examined. 
Jose Gomez-Valdes and Jesus Favela 
Centro de Investigacion Cientifica y de Educacion Superior 
de Ensenada 
Ensenada, B.C. Mexico 
E-mail: jgomez@cicese.mx 

CP02 
A Collocated Technique for Solving a 2D Coastal 
Model 
A numerical model, based on a collocated finite volume 
technique in a generalized coordinate system, is proposed 
for solving the shallow water equations (SWE). A time 
splitting method is used. In this context, the use of a 
Helmholtz equation for the surface elevation gives some 
numerical perturbation. After finding their origin, we 
adapted a method (that is based on CPI’s scheme) to pre- 
vent them. Finally, several academic tests prove the ability 
and the good accuracy of the proposed method. 
Sylvain Guillou and K.D. Nguyen 
Laboratoire de M-canique de Caen 
Universit.. de Caen 
Esplanade de la Paix, 14032 Caen, France 
E-mail: guillou@meca.unicaen.fr 

It is desired to  find improved algorithms of high or- 
der accuracy for simulating the advection-diffusion equa- 
tion prognostically coupled to finite element based coastal 
ocean hydrodynamic circulation computations. Formula- 
tions within an Eulerian- Lagrangian framework are not 
ideal due to  the large time steps required to maintain ac- 
curacy. It is hoped to  obtain an Eulerian representation 
within a finite element framework which may be coupled 
to  the hydrodynamics. In the present work, we study the 
convergence characteristics of finite element solutions, by 
performing a rigorous truncation error analysis as well as 
numerical experiments. 
John Atkinson and Joannes Westerink 
University of Notre Dame, Notre Dame, IN 46556 

A novel three-dimentional spectral element ocean model is 
applied to a series of test-cases that are designed to study 
model behavior in irregular domains, and its response to  
thermal and wind forcing. The first test case is a simula- 
tion of a flow over a tall isolated seamount. Model sensi- 
tivity to pressure gradient errors and its convergence rates 
are studied, and comparison with several low order ocean 
models is given. The second test case consists of a sim- 
ulation of a wind-driven flow in a sector. We discuss the 
issues of thermal forcing and convective parametrization. 
To illustrate an application of the model in realistic set- 
tings we present the results of the “diagnostic” simulation 
of a global circulation, with grid enhancement in the North 
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Atlantic Ocean. component  Flow 
This study proposes a new least-squares mixed finite el- 
ement method for solving coupled multicomponent trans- 
port in a porous medium. The boundary value problem is 
first recast as a system of first-order equations. The least- 
squares problem is then posed as a mixed finite element 
model. Since, derivatives of the field variables enter ex- 
plicitly in the system, greater accuracy in the computed 
fluxes will be realized by this mixed method as compared 
to  the standard (non-mixed) Galerkin method. The ac- 
curacy and performance of the least-squares FEM for this 
class of problems is studied. The effect of varying Peclet 
number on the accuracy and stability of the solutions is 
also investigated. Numerical dissipation and other proper- 
ties of the scheme are examined. The computational cost 
of numerical simulation is dependent on the domain size 
and the resolution required to minimize numerical errors. 
However, the local resolution required for accurate solu- 
tions can vary over space and time as regions with rapid 
changes of concentration gradients propagate through the 
solution domain. Thus, such problems are suited for adap- 
tive numerical strategies which seek to  determine where in- 
creased numerical resolution is required and then provide 
more accurate approximations in those regions. Adaptive 
strategies based on the element residual as an error indica- 
tor are developed. Finally, the method is verified for model 
problems by comparisons with analytic solutions and re- 
sults in the literature. A model is developed for areal com- 
positional variations in reservoirs and under conditions of 
stationary state. The model is solved using a least-squares 
finite element method and its usefulness and applicability 
is demonstrated by means of comparison to field data. 
Deepankar Biswas and Graham F. Carev 
Department of Mechanical Engineering 
University of Texas, Austin 78712 
E-mail: Carey @cfdlab . ae . ut exas .edu 

Julia Levin 
Massachusetts Institute of Technoloav 

-.1 

Cambridge, MA 02139 
E-mail: julia@pimms.mit.edu 

Mohamed Iskandarani and Dale Haidvogel 
Rutgers University 
New Brunswick, NJ 08903 
E-mail: (mohamed, dale)@ahab.rutgers.edu 

C P 0 2  
Es t imat ion  of Mean Flow from Lagrangian Data 
Lagrangian data (i.e. data provided by current-following 
such as drifting buoys) have become increasingly common 
in the last years, providing good coverage of extensive re- 
gions in the ocean. Estimating a mean flow based on 
such observations is among most important problems in the 
global oceanic circulation. We formulate this problem as 
a statistical problem in stochastic partial differential equa- 
tions. The Least Square (LS) and Maximum Likelihood 
estimators are studied. In part it is shown that the LS 
estimator of a constant flow based on measurements by a 
drifter cluster, is asymptotically more effective than that 
of measurements by the same number of moored devices. 
Leonid I. Piterbarp 
Center of Amlied Mathematical Sciences (CAMS) 
University ;<Southern California 
DRB-155, 1042 W. 36th Place, Los-Angeles, CA 90089- 
1113 
E-mail: piter@cams.usc.edu 

C P 0 2  
Structure in the Wave-Induced Drift Velocity 
Material transport in the boundary layer hugging the ocean 
bottom is accomplished, primarily, by oceanic circulation. 
As has been known for a long time, another transport 
mechanism is due to the wave-induced drift velocity. The 
authors will present computational results which suggest 
that spatially-periodic structures, both stationary as well 
as non-stationary, can be generated by water-wave fields 
with specific characteristics. If these structures in the drift 
velocity are energetically significant, as compared to other 
agents of motion of the bottom sediment and other bound- 
ary layer material, it is possible that they may endow the 
material with pattern-forming collective behavior. The au- 
thors will suggest ways under which a wave field may be 
capable of producing patterns in an underlying sedimen- 
tary bed. 
Juan Mario Restrepo 
Mathematics Department 
University of California, Los Angeles 
Los Angeles, CA 90024 
Email:  restrepo@math.ucla.edu 

Gary K. Leaf 
Mathematics and Computer Science Division 
Argonne National Laboratory 
Argonne, IL 60439 

CP03 
M a t h e m a t i c a l  Models, Theoretical Results and Nu-  
merical  Methods for Multiphase Flow in  Porous 
M e d i a  
Mathematical models for multiphase flow in porous media 
are considered. These models involve phase, global, and 
pseudo-global pressures and total velocities and fluxes for 
two-phase, three-phase, and compositional flow. Theoret- 
ical results are obtained for boundary value problems for 
two-phase flow and transport in porous media. Numerical 
methods are concentrated on symmetric and nonsymmet- 
ric flow equations. Special attention is paid to the recent 
progress of multigrid methods for solving the flow equa- 
tions. Numerical results are presented. 
Zhangxin Chen 
Department of Mathematics 
Southern Methodist University 
Box 750156, Dallas, TX 75275-0156 
Email: zchen@dragon.math.smu.edu 

CP03 
Method-of-l ines Solution of Richards’ Equation I: 
O n e  Space Dimension 
We consider the method of lines solution of Richards’ equa- 
tion in one space dimension and how the underlying ODE 

a rapidly varying solution and nonlinearity can lead to  an 

CP03 
Least-Squares  F in i te  Element Method for Multi- Or DAE may need to be modified. we show how 

mailto:julia@pimms.mit.edu
mailto:dale)@ahab.rutgers.edu
mailto:piter@cams.usc.edu
mailto:restrepo@math.ucla.edu
mailto:zchen@dragon.math.smu.edu


32 Abstracts 

out-of-date Jacobian, which, when coupled with moderate 
ill-conditioning can, in turn, lead to  premature termina- 
tion of the corrector iteration. We suggest ways in which 
this situation can be detected and remedied and present 
numerical results. 
C. T. Kellev, M. D. Tocci 
Center for Research in Scientific Computation 
Department of Mathematics, Box 8205 
North Carolina State University, 
Raleigh, NC, 27695-8205 
Email:  Tim-Kelley@ncsu.edu, mdtocci@unity.ncsu.edu 

C. T .  Miller 
Department of Environmental Sciences and Engineering 
104 Rosenau Hall 
University of North Carolina 
Chapel Hill, NC 27599-7400 
E-mail: casey-miller@unc.edu 

CP03 
Mixed Finite Element Methods for Elliptic Equa- 
tions on 3 Dimension Domain 
In computation of porous media models, 

u = - A V p  in Cl, 

-divAu = f ,  in Cl, 

p = - g ,  o n d o .  
some mixed finite element methods are applied to  rectan- 
gles, cubes, triangles, even quadrilaterals. There are some 
results on hexahedrons, which depend on a global map. 
The goal of this paper is to introduce mixed finite elements 
on convex hexahedrons, which is independent of such map 
and just depend on the local maps on each units. Optimal 
error estimates and superconvergence error estimates are 
analysed. 
Mingiun Liu and Junping Wang 
Department of Mathematics 
University of Wyoming 
Laramie, Wyoming, 82071 
E-mail: Mingjun.Liu@math.tamu.edu 

CP03 
Analysis of Numerical Methods for Variably Satu- 
rated Subsurface Flow 
We analyze the expanded mixed finite element method ap- 
plied to Richards' equation, a nonlinear parabolic equa- 
tion modeling infiltration into a variably saturated porous 
medium. First, for the RTNo space and the range of all sat- 
urations, the H-'-norm of the error in capacity is bounded 
by approximation error. Convergence in terms of a Holder 
continuity rate is then shown for the capacity term error in 
fully saturated to  partially saturated flow. Lastly, we op- 
timally bound the error in pressures and fluxes for strictly 
partially saturated flow. 
Carol S. Woodward 
Center for Applied Scientific Computing 
Lawrence Livermore National Laboratory 
P.O.,Box 808, L-561, Livermore, CA 94551 
E-mail: cswoodward@llnl.gov 

Clint N. Dawson 
Texas Institute for Computational 
and Applied Mathematics 

University of Texas, Austin, TX 78712 
E-Mail: clint@ticam.utexas.edu 

CP04 
Comparison Between Total Variation Regulariza- 
tion Operators and Standard Regularization Oper- 
ators for Gravimetric Inverse Problems 
Gravimetric inverse problems utilize surface measurements 
of gravitational anomalies in an attempt to  detect subsur- 
face structures. In many prospecting situations the inter- 
esting subsurface features have a fairly-well defined blocky 
structure. Conventional regularization techniques in use in 
geophysical applications impose smoothness conditions not 
reflective of the true structures. Recently the development 
of Total Variation regularization has permitted reconstruc- 
tion of blocky structures in other type of inverse problems; 
ex. satellite imaging. We have begun to  explore the ap- 
plication of TV techniques to  geophysical inverse problem 
and here present a comparison of the results of TV regular- 
ization with regularization using standard first or second 
derivative semi-norms. We show for a number of models 
widely used in gravimetric forward and inverse modeling, 
that the total variation approach permits reconstruction of 
sharp density distributions, instead of oversmoothed ones, 
which is an essential drawback of conventional regulariz& 
tion methods when they are applied to geophysical imag- 
ing. Gradient technique is used to  solve the TV regularized 
problem. 
Hugo Bertete Aguirre, Elena Cherkaeva, and Aaron Fogel- 
son 
Department of Mathematics 
University of Utah 
Salt Lake City, UT 84112 
E-mail: hugo@math.utah.edu 

CP04 
Mathematical Analysis and Numerical Methods for 
Fluid-Solid Interaction Problems in the Frequency 
Domain 
In this talk we will introduce a general fluid-solid inter- 
action model in the frequency domain for modeling elas- 
tic wave propagation through fluid-filled borehole environ- 
ments and for modeling elastic scattering problems in lin- 
ear acoustics. Both pure elastic and nearly elastic solids 
will be considered. After the model is derived, we will 
present briefly some theoretical results concerning the well- 
posedness of the model. Finally, we will give a detailed 
description about several numerical methods constructed 
for solving the fluid-solid interaction model based on com- 
bining finite element methods and domain decomposition 
methods. The advantage of this approach is that it gives 
us the flexibility to  use different discretization methods on 
different parts of the problem domain and to compute the 
solutions in parallel. 
Xiaobing Fen% 
Department of Mathematics 
The University of Tennessee 
Knoxville, TN 37996 
Telephone: 423-974-4287 
E-Mail: xfeng@math.utk.edu 

CP04 
Modeling Seismic Wave Propagation in Large 
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Basins on Parallel Computers 
We discuss the development of parallel algorithms and soft- 
ware for predicting, by computer simulation, the ground 
motion of large basins during strong earthquakes. The 
challenges include the development of numerical meth- 
ods for simulating large-scale seismic wave propagation 
through highly heterogeneous media, absorbing boundaries 
that limit the computational domain, techniques for incor- 
porating seismic excitations, mesh generation and mesh 
partitioning methods for very large and highly unstruc- 
tured meshes, and parallel code generators that help au- 
tomate the task of writing efficient portable unstructured 
mesh solvers for distributed memory parallel supercomput- 
ers. We present simulations of the seismic response of the 
San Fernando Valley in Southern California using 77 mil- 
lion finite elements on a Cray T3D. 
Hesheng Bao, Jacobo Bielak, Omar Ghattas 
and Loukas Kallivokas 
Computational Mechanics Laboratory 
Department of Civil and Environmental Engineering 
Carnegie Mellon University, Pittsburgh, PA 15213 
Email: omar.ghattas@cs.cmu.edu 

David O’Hallaron and Jonathan Shewchuk 
School of Computer Science 
Carnegie Mellon University, Pittsburgh, PA 15213 

Jifeng Xu 
Computational Mechanics Laboratory 
Department of Civil and Environmental Engineering 
Carnegie Mellon University, Pittsburgh, PA 15213 

CP04 
Multilevel Methods For The Solution Of Ill-Posed 
Inverse Problems 
Geophysical inverse problems can be represented by large 
scale linearor nonlinear systems of equations. These sys- 
tems are usually solved by regularization and iteration, but 
as the size of the problem grows, the solution is harder to  
obtain. We suggest a multilevel algorithm to deal with 
such problems. The algorithm is based on restriction, pro- 
longation, and defect correction. As a byproduct we show 
how the multilevel scheme can be used to  choose a regu- 
larization parameter appropriate for the problem. 
Eldad Haber and Doug Oldenburg 
Department of Earth and Ocean Science and 
Department of Geophysics 
University of British Columbia 
Vancouver, British Columbia, Canada V6T 124 
E-mail: haber@geop.ubc.ca 

CP04 
Numerical Realisation of the Wave Energy Propa- 
gation in Spectral Models 
Successful solution of the wave propagation problem de- 
pends on the quality of physical model. Nevertheless er- 
rors of numerical realisation of the wave energy propaga- 
tion equation can be no less than the errors coming from 
the unsatisfactory implementation of the wave physics in 
the model. Present state-of-the art  wave spectral models 
are formulated in the terms of wave energy spectrum dis- 
cretized into a large number of spectral bands. The finite 
width of these bands introduces non-trivial complications 
for the computation of the wave propagation. Ideally, the 

energy of a wave disturbance of initial extent will spread 
out smoothly over the space in the course of time. In most 
of the presently spectral models, however, the spectral res- 
olution is so coarse that the so-called ”garden-sprinkler” 
effect: most of the energy of the propagating wave be- 
comes concentrated along the basic directions of the model 
which are closest to  the direction of wave propagation in 
the area of initial source of disturbances, while in the other 
directions the wave energy is underestimated. One conse- 
quence of this phenomenon is that the arrival of wave orig- 
inating from distant sources is poor computed. The orig- 
inal correction term was been derived to remove garden- 
sprinkler effect of the wave energy propagation equation 
solution. By using the simple approximation of correction 
term and the semi-Lagrangian numerical method the origi- 
nal interpolation-ray numerical (INTERPOL) has been of- 
fered to  solve energy propagation equation on the spher- 
ical surface. The accuracy of two different propagation 
schemes, namely the first-order difference scheme (FOUS) 
and the INTERPOL has been assessed for the case of pure 
wave propagation on the spherical surface. It was found 
that for the FOUS propagation scheme with 12 directions 
the local errors in wave height due to numerical realisation 
of the energy propagation could become of the order of 
30-50The INTERPOL method results proved to  be much 
closer with the analytical solution than the FOUS. More- 
over, due to the absolute stability of the method this higher 
accuracy could be achieved by using much larger propaga- 
tion time step, and therefore at  substantially lower com- 
putational expense. The main future of the INTERPOL 
method is that it may be applicable to  solve the spectral 
wave energy propagation equation with a fine space grid 
by using larger time step than its allowed by the tradi- 
tional finite-difference schemes. The INTERPOL method 
is superior not only to  the first-order upwind scheme. It 
could be regarded as a general alternative for the numerical 
realisation of the wave energy propagation in geophysical 
models. 
Igor Lavrenov 
Organisation Arctic and Antarctic Research Institute 
Department Wave Processes Laboratory 
Av. Bering 38, 199397, St.Petersburg, Russia 
Fax: (007-812) 352-26-88, Email: Lavren@aari.spb .su 

CP04 
Seismic Inverse Problems in Remote Sensing of 
Wave Propagation Speeds 
This paper is concerned with computing the speeds of prop- 
agation of seismic waves by solving mathematical inverse 
problem in remote sensing. These speeds can be found by 
detecting the effect of the seismic waves which propagate 
when a pulse of energy (usually a small explosion) is re- 
leased near the surface of the ground. The pulse can be 
picked up and recorded by sensors which are placed in- 
side the ground. The times it reaches the different sensors 
will be referred by travel times. If the travel times are 
accurately measured is it possible to compute the speed 
profiles? and how? The answer to  these two questions is 
the content of this paper. 
K.A. Azzawi 
Department of Mathematics & Computer Applications 
Saddam University, Baghdad, Iraq 

S.M. Makky 
Department of Mathematics, Faculty of Science 
Yarmouk University, Irbid, Jordan 
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CP04 
Fast Methods for Computing First Arrival Times 
We present an ultra-fast method for computing first arrival 
times in seismic analysis, and demonstrate the effectiveness 
of these techniques on a variety of standard test models. 
The method solves the Eikonal equation, and is O(N log 
N), where N is the number of points in the computational 
domain. This typically translates into tens of seconds and 
faster for computing problems on a 150x150~150 mesh on 
Sparc 11. The technique is based on a combination of level 
set methods, narrow band level set methods, sorting tech- 
niques, and viscosity solutions to Hamilton- Jacobi equa- 
tions. 
James A. Sethian 
Department of Mathematics 
University of California, Berkeley 
Berkeley, CA 94720 
E-mail: sethian@math.berkeley.edu 

CP05 
Constitutive Relations for Polymer Flooding in 
Porous Media 
In polymer flooding for oil recovery the conventional mod- 
els, which take the velocity enhancement factor constant, 
are not consistent with experiments. Therefore we derived 
new model equations based on percolation and pore net- 
work concepts (including Inacessible and Excluded Pore 
Volume). Our enhancement factor can be expressed in 
terms of relative permeabilities and is therefore saturation 
dependent. This results in an accumulation of polymers at 
the polymer-water/oil interface. It can be shown that it 
is necessary to  include a diffusion/dispersion term, which 
originates from the non-parabolic nature of the velocity 
profile near the oil interface, in the model equations to 
prevent an infinitely high concentration of polymers at the 
inter face. 
G. Alies Bartelds and Hans Bruining 
Delft University of Technology 
Department of Applied Earth Science, Dietz Laboratory 
Mijnbouwstraat 120, 2628 Rx Delft, The Netherlands 
E-mail: G.A.Bartelds@mp.tudelft.nl; 
J.Bruining@mp.tudelft .nl 

CP05 
Viscous Fingering in Heterogeneous Porous Media 
We present an analytical and numerical study of viscous 
fingering processes in heterogeneous porous media charac- 
terized by spatial variations of t,he permeability field k(~). 
We study the finger propagation rate as a function of the 
variance of k ( ~ )  to  test various renormalization hypotheses. 
We analyze the conditions under which the intrinsic scale 
of fingering is commensurate with the heterogeneity scales, 
leading to  a local “resonance” in which fingers propagate 
the fastest. 
Anne De Wit 
Service de Chimie Physique and 
Centre for Nonlinear Phenomena and Complex Systems 
CP 231 - Universite Libre de Bruxelles 
1050 Brussels - Belgium 
Email: adewit Qulb. ac. be 

G.M. Homsy 
Department of Chemical Engineering 
Stanford University 

Stanford, CA 94305 

CP05 
Handling Discontinuities in Numerical Modeling of 
Petroleum Systems in 2-D and 3-D 
Numerical modeling of petroleum systems in 2-D and 3- 
D involves several steps corresponding to different physi- 
cal processes such as hydrocarbon generation, expulsion, 
migration, entrapment, etc., that occur over millions of 
years. The processes are associated with 3-D changes of 
the geometry of the system. It is very common that the 
systems are cut by faults and salt features which serve as 
discontinuities. In the paper different types of disconti- 
nuities and their properties are discussed. Also, existing 
methodology to  handle discontinuities is reviewed and new 
approaches are suggested. Finally, some numerical simula- 
tions are presented to  show the influence of discontinuities 
on final modeling results. 
Marek Kacewicz 
ARC0 Exploration and Production Technology 
2300 W.Plano Pkwy., Plano, TX 75075 
E-mail: dprmk@arco.com 

CP05 
A Numerical Investigation Of Gas Evolution and 
Bubble Migration: From the Pore-to the Core- 
Scale 
One of the most important issues in petroleum engineering 
concerns the prediction of gas production during reservoir 
depletion. A numerical pore-scale simulator has been de- 
veloped that models a variety of associated phenomena. 
The model incorporates embryonic nucleation, supersat- 
uration effects, multiphase diffusion, bubble growth, mi- 
gration and fragmentation within virgin and waterflooded 
systems. In addition, a novel scaling group has been de- 
rived that can be used to  ascertain critical gas saturations 
at a number of different lengthscales. 
Steven R. McDougall and Kenneth S. Sorbie 
Heriot-Watt University 
Edinburgh, EH14 4AS, Scotland 
United Kingdom 
E-mail: stevemcdougall@pet.hw.ac.uk 

CP05 
Residual Saturation Distribution in Heterogeneous 
Reservoirs 
To study the capillary trapped oil distribution in 2 and 3D 
a mathematical model is developed facilitating rapid fine 
grid computation of the saturation fields in heterogeneous 
reservoirs. The reduction in computation time is achieved 
due to  the fact that the model is much simpler than a 
conventional black oil simulator. Influence of wettability 
type, magnitude of capillary pressure, rate, and gravity 
forces are studied in 2D and 3D analytically and by way of 
computations. 
George A. Virnovsky 
RF- Rogaland Research Institute 
P.O. Box 2503 Ullandhaug, N-4004 Stavanger, Norway 
Email: George.Virnovsky@rf.no 

Hans Kleppe and Svein M. Skjaeveland 
Stavanger College 
P.O. Box 2557 Ullandhaug, N-4004 Stavanger, Norway 
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Arne Skauge 
Norsk Hydro 
P.O. Box 646, N-5001 Bergen, Norway 

Hans Martin Helset 
RF- Rogaland Research Institute 
P.O. Box 2503 Ullandhaug, N-4004 Stavanger, Norway 

CP05 
Invasion Percolation with Viscous Forces 
We study Invasion Percolation in the presence of viscous 
forces, as a model of the drainage of a wetting fluid from a 
porous medium. Using concepts from Gradient Percolation 
we consider two different cases, depending on the magni- 
tude of the mobility ratio, M .  When A4 is sufficiently 
small, the displacement can be modeled by a form of Gra- 
dient Percolation in a stabilizing gradient, involving a per- 
colation probability profile in the form of a “double hump” 
at the front. We develop the scaling of the front width and 
the saturation profile, in terms of the capillary number. In 
the opposite case, the displacement is described by Gradi- 
ent Percolation in a destabilizing gradient and leads to  cap- 
illary fingering. This regime is identified for the first time 
and differs from DLA, which also describes displacements 
at large M .  Constraints for the validity of the two regimes 
are developed. As the stabilized regime is described by 
the Buckley-Leverett equation, a constraint for its validity 
is also developed. Limited experimental and numerical re- 
sults support the theory. The effect of heterogeneity is also 
discussed. 
Baomin Xu and Yannis C. Yortsos 
Department of Chemical Engineering 
University of Southern California 
Los Angeles, CA 90089-1211 
E-mail: yortsos@euclid.usc.edu 

Dominique Salin 
Universit6 Paris VI and Universit6 Paris XI 
Paris, France 

CP06 
Equivalent Permeability and Simulation of Two- 
Phase Flow in Heterogeneous Porous Media 
The problem of calculating equivalent permeability tensors 
for heterogeneous porous media is addressed. The homoge- 
nization method used is based on solving Darcy’s equation 
with flux conservation in subregions of the reservoir. It 
is proposed t o  use both conforming and mixed finite ele- 
ments t o  solve the local problems and compute approxima- 
tions from above and below of the equivalent permeability. 
Numerical simulations demonstrate the usability and effi- 
ciency of the method for tw-phase flow in heterogeneous 
reservoirs. 
B. Amaziane 
Universitk de Pau. 8~ UPRES A 5033 - CNRS 
Laboratoire de Mathematiques Appliquees 
I.P.R.A. - Av. de I’Universite 64000 Pau-France 
Email: brahim.amaziane@univ-pau.fr 

Thierry Hontans 
Elf Aquitaine Production 
EP /P /PRO / GTS 
CST-JF Avenue Larribau 64018 Pau, France 
Email: thierry.hontans@univ-pau.fr 
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J. V. Koebbe 
Utah State University 
Department of Mathematics & Statistics 
Logan, Utah 84322-3900 
E-mail: koebbe@math.usu.edu 

CP06 
A Non-Scaling Dispersion Model for Contaminant 
Transport via Random Processes 
We present a novel approach to  modeling dispersion in 
contaminant transport models. In this new approach, we 
achieve spreading of the contaminant plume from the di- 
rect simulation of many random velocity fields. In our 
approach to  characterizing dispersion we avoid the use of 
parameters which suffer from the artifact of scaling as typ- 
ified by traditional methods. We will present theory and 
numerical implementation as well as computational exam- 
ples to  demonstrate the feasibility of this method. 
Jeffrey V. Butera 
North Carolina State University 
Raleigh, NC 27695 
E-mail: jvbutera@eos.ncsu.edu 

CP06 
Renormalization Group Analysis of Macrodisper- 
sion in a Directed Random Flow 
We present a calculation of the macrodispersion coefficient 
in a statistically homogeneous medium with a given cor- 
relation function of the log-conductivity field, using renor- 
malization group methods. The first order approximation 
of this approach led to a coupled system of ordinary differ- 
ential equations for a scale dependent dispersion tensor, 
which was solved numerically for different random flow 
fields. We found only small corrections to the longitudi- 
nal macrodispersivity derived by Gelhar and Axness by 
ordinary perturbation theory. The transverse dispersiv- 
ity, however, was larger by several orders of magnitude. 
The results were in good agreement with Monte-Carlo- 
simulations and reported observations from the Borden- 
Site field experiment. 
U.Jaeke1, H.Schwarze, and H.Vereecken 
Forschungszentrum Juelich GmbH 
ICG-4, 52425 Juelich, Germany 
Emails: (u.jaeke1, hschwarze, h.vereecken)@kfa-juelich.de 

CP06 
Multigrid Homogenization Method 
For many applications the coefficients of the mathemati- 
cal model incorporate strong variations on several length 
scales. A typical example is the diffusion coefficient in 
porous media. We present a method to approximately de- 
termine the effective diffusion coefficient on a coarse scale 
level. We apply the Galerkin approximation with operator- 
or matrix-dependent prolongations and Schur complement 
approximations. This leads to energy-dependent averag- 
ing procedures and to  averaged equations which describe 
the large-scale behavior of the problem in discrete form. 
Limitations of the usage of well known matrix-dependent 
prolongations in this approach are discussed. Techniques 
such as smoothing of the prolongation are given, which 
improve the presented method significantly. We explain 
our modelling approach derived from multigrid, discuss its 
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properties and compare it with other averaging and upscal- 
ing techniques. 
Stephan Knapek & Michael Griebel 
Abteilung fur Wissenschaftliches Rechnen und Numerische 
Simulation 
Institut fur Angewandte Mathematik 
Universitat Bonn 
Wegelerstr. 6, 53115 Bonn, Germany 
E-mail: griebel/knapekQiam.uni-bonn.de 

containment and chemical transformation of hazardous 
aerosols in the atmosphere following explosive or jetting 
releases near the ground. Trajectories and thermodynamic 
histories are made of aerosol particles, offering an anal- 
ysis of chemical transformation and transport. The re- 
lease can be controlled in part by secondary explosions or 
aerially-applied retardant. Optimization problems are in- 
troduced and examples given. Applications to  industrial 
and wartime settings are discussed. 
Richard Ammons 
402 East Beckwith Avenue 
Missoula, MT 59801 
E-mai1: RicAmmonsBaol~com 

CP06 
A Weighted O u t p u t  Least  Squares Approach to 
Upscaling of One-Phase Flow in  Heterogeneous 
Reservoirs 
We present a new technique for assigning permeabilities to  
a coarse mesh based on a fine mesh representation of the 
permeability. Our approach to  this upscaling problem is 
to minimize, in proper norms, the error introduced in the 
velocity field. Moreover, we show that it is not necessary 
to solve the fine scale pressure equation in order to com- 
pute the upscaled permeability. The method will also be 
illustrated by several analytical examples and numerical 
experiments. 
Bimrn Fredrik Nielsen and Aslak Tveito 
University of Oslo 
Department of Informatics 
P.O. Box 1080 Blindern 
N-0316 Oslo, Norway 
E-mail: bjornn@ifi.uio.no; aslak@ifi.uio.no 

area under consideration. The discussion shows that the 

CP06 
Model ing t h e  Spat ia l  Averaging of Multiscale,  
Mini -Permeameter  Data V i a  Linear  Fi l ter ing 
Permeability data have been measured at six different sam- 
ple scales on two different meter-scale blocks of rock using 
an automated mini-permeameter test system. Statistical, 
geostatistical, and spectral methods are used to describe 
the spatially correlated permeability fields, while linear fil- 
ter theory is employed to  model the spatial averaging of 
permeability values. The calculated impulse response func- 
tions are interpreted with respect to the mode of measure- 
ment, nature of the spatial averaging process, and charac- 
teristics of the porous media. 
Vincent C. Tidwell 
Sandia National Laboratories 
Geohydrology Department, MS 1324 
PO Box 5800, Albuquerque, NM 87185 
E-mail: vctidwe@nwer.sandia.gov 

John Wilson 
New Mexico Institute of Mining and Technology 
Earth and Environmental Sciences Department 
Socorro, New Mexico 87801 

Allan Gutjahr 
New Mexico Institute of Mining and Technology 
Department of Mathematics 
Socorro, New Mexico 87801 

CP07 
Transformation and Containment of Hazardous  
Aerosols Forcibly Released into the Atmosphere  
CFD simulations are reported concerning the open-air 

CP07 
Maximum Clear Surface Coverage Method of 
P a r t l y  Cloudy NOAA-TIROS Imagery 
Contrary to  the Sahara of Southern California deserts, 
the European skies are most of the time covered by thick 
clouds. The images acquired over any given part of Eu- 
rope every day at the same local time may therefore have 
very different cloud cover conditions, because of NOAA- 
TIROS’s sunsynchroneous flight. For any given period of 
the year (week, month, year), each image that is consid- 
ered is first “cloud-decontaminated” , through various pro- 
cesses including visible and infrared thresholds sequences, 
as will be explained. Only orbits containing a sufficiently 
clear surface percentage are taken into account for further 
processing. The resulting information can be assembled 
in a mosaic to  obtain the expected total coverage of the 

whole process used in the present study can be optimized 
with a minimum collection of orbits aided by the “surfac- 
ing cost function” concept. Comparison is made between 
the optimized method, better adapted to  northern Europe 
countries and the non-optimized method on contrary bet- 
ter adapted to southern Europe contries NOAA imagery. 
Jacques R. Givri 
Groupe de Physique-Environnement 
University of Rennes 
Campus de Beaulieu 
35042 Rennes, Cedex, France 
Fax: 33-92286385 

CP07 
A Computationally Efficient Model for Sea Ice on 
Paral le l  Archi tectures  
The standard sea ice dynamics model treats the ice pack 
as a visco-plastic material with a viscous closure at small 
strain rates. Large viscosities impel the use of implicit, iter- 
ative numerical methods, which are time consuming, adapt 
poorly to  parallel computation, and severely impede cou- 
pled GCMs. To remedy this, we have modified the model 
by incorporating an elastic closure, which leads to a fully 
explicit numerical scheme. After outlining the method, I 
will discuss our coupled ice/ocean modeling efforts on an 
SGI Origin2000 cluster. 
Elizabeth C. Hunke and John K. Dukowicz 
Theoretical Fluid Dynamics, MS-B216 
Los Alamos National Laboratory 
Los Alamos, NM 87545 
E-mail: eclareQlanl.gov; duk@lanl.gov 
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CP07 
Parallel Implementation of the MC2 Atmospheric 
Model: an Example of a ‘Dusty Deck’ Paralleliza- 
tion 
The Mesoscale Compressible Community (MC2) limited- 
area atmospheric model is based on a semi-implicit, 
semi-Lagrangian scheme applied to compressible govern- 
ing equations. We discuss our experience with the 
massively-parallel, distributed-memory implementation of 
this model. Parallelization of a large code is not a straight- 
forward process. We had to make substantial algorithmic 
changes in order to  sustain performance of the code. For 
example, we have replaced the AD1 solver for the pressure 
Helmholtz equation in the MC2 model with the precon- 
ditioned GMRES scheme. We have also streamlined the 
advection step. We report performance of the MC2 code 
on different parallel platforms and discuss the strategy used 
to  redesign the model. 
A. V. Malevsky 
Centre de Recherche en Calcul Appliqud 
5160, boul. Decarie, bureau 400 
Montreal (Quebec) H3X 2H9 CANADA 
E-mail: malevsky@CERCA.UMontreal.CA 

S. J. Thomas and M. Desgagne 
Recherche en prCvision numdrique, Environment Canada 
2121 route Transcanadienne 
Dorval (Quebec) H9P 153 CANADA 

CP07 
Finite Element Approximations of Solutions of Par- 
tial Differential Equations on the Sphere 
In this paper we describe a spatial finite element discretiza- 
tion for approximating solutions of partial differential equa- 
tions posed on the sphere. The motivation for considering 
this type of problems comes from meteorology and clima- 
tology, where one naturally encounters partial differential 
equations posed on spheres. We show that the standard 
error estimates are valid for this type of domain. We de- 
scribe an implementation of this scheme and show some 
results of numerical experiments. 
Amnon J. Meir 
Department of Mathematics 
218 Parker Hall 
Auburn University 
Auburn, AL 36849 
E-mail: ajm@math.auburn.edu 

CP07 
A Climate Predictability Index and its Applica- 
tions 
In this paper, a climate predictability index is proposed. 
It quantifies the predictability of three major components 
comprising the climate - temperature, pressure and pre- 
cipitation. The quantification is done using a fractal di- 
mensional analysis of the corresponding time series. The 
index is calculated for 25 stations in India separately for 
both the major monsoon periods. Changes in the index 
with the season are observed. Predictability indices for 
temperature, pressure and precipitation are found to  be 
interlinked. 
Govindan Rangarajan 
Department of Mathematics 
Indian Institute of Science 

Bangalore 560 012, India 
E-mail: rangarajOmath.iisc.ernet.in 

Dhananjay Sant 
Department of Geology 
M.S. University of Baroda 
Vadodara 390 002 

CP08 
Electrokinetic Transport in Soil Clean Up:An Area 
Averaging Approach 
Electrokinetic transport could be used as an important tool 
to  clean up contaminated soils,however, many of funda- 
mental aspects of this relatively novel approach are poorly 
understood.In this presentation, area averaging methods 
are used to investigate the effect of axial and orthogonal 
electrical fields on the effective diffusion and convection in 
a model porous media.Severa1 results showing the behavior 
of the system under a variety of conditions will be presented 
and future work will be outlined. 
Z. Chen and P. Arce 
Department of Chemical Engineering 
FAMU-Florida State University 
College of Engineering, Tallahasse, FL 32306 
E-mail: arceOeng.fsu.edu 

Sauer Sharon 
Department of Chemical Engineering 
Rice University, Houston, TX 77251 

CP08 
3D Massive-Parallel Computation of Solute Trans- 
port in Heterogeneous Porous Media 
In this paper massive-parallel computations of solute trans- 
port in heterogeneous porous media undergoing (non-) lin- 
ear sorption are presented. Solute transport was calculated 
with a particle tracking algorithm implementing static and 
dynamic parallelization methods. The random velocity 
fields were computed by solving the generalized Richards 
Eq. using finite elements combined with a domain decom- 
position method. All computations were performed on a 
CRAY T3E massive-parallel computer. The tracking al- 
gorithms were analyzed in the block distributed memory 
model. The numerical results were compared with asymp- 
totic analyses of solute transport undergoing Freundlich 
sorption in heterogeneous flow domains. 
T.Graf> U.Hashagen, H.Vereecken 
Forschungszentrum Juelich GmbH 
ICG-4, 52425 Juelich, Germany 
Emails: (t .graf, u.hashagen, h.vereecken) Qkfa-juelich.de 

CP08 
Numerical and Analytical Modeling of In-situ 
Aquifer Bioremediation 
Bioremediation of a contaminated aquifer is modeled 
numerically assuming Monod kinetics; micro organism 
growth is limited by NAPL, electron acceptor or both. 
Numerical results indicate three consecutive regimes of 
biodegradation which may be distinguished qualitatively 
using spatial moment theory. Except for the intermedi- 
ary regime, analytical solutions may be derived that ad- 
equately capture the main features. The long term front 
behavior for injected electron acceptor, initially resident 
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contaminant and micro organisms has traveling wave prop- 
erties. 
H. Keijzer and S.E.A.T.M. van der Zee 
Wageningen Agricultural University 
P.O. Box 8005, 6700 EC Wageningen 
The Netherlands 
Email: henriette.keijzer@bodhyg.benp.wau.nl 

CP08 
Transport Models  with Adsorp t ion  Hysteresis 
Classical transport equations are supplemented with hys- 
teresis and other nonlinear operators in order to  model 
adsorption-desorption processes. These may include first 
or second order kinetics. The resulting initial-boundary- 
value problems are shown to have a unique differentiable 
global solution when the hysteresis functional has a sym- 
metric convex graph. An explicit solution is given for an 
elementary example, and a formula is given for the repre- 
sentation of smooth cases of such functionals. 
M. Peszyriska and R. E. Showalter 
Department Mathematics 
University of Texas, Austin, TX 78712 
E-mail: mpesz@math.utexas.edu 

CP08 
Optimizat ion of Soil Venting 
We present a 3-D vertically integrated model for the trans- 
port of air and volatile organic pollutants in a soil including 
wells and leakage from the soil surface. Then we describe 
an optimization procedure for the positions and discharges 
of pumping wells in order to  maximize the pollutant extrac- 
tion rate. Finally, we apply our methods to a remediation 
site in Germany. 
Horst H. Gerke 
Center for Agricultural Landscape and Land Use Research 
(ZALF e.V.) 
Muncheberg 
Department of Soil Landscape Research 
Dr.-Zinn-Weg 
16225 Eberswalde, Germany 

Ulrich Hornung, Youcef Kelanemer, Stephan Schumacher 
and Marign SlodiEka 
Department of Computer Science, 
University of the Federal Armed Forces Munich, 
85577 Neubiberg, Germany 

CP08 
Parallel  Adapt ive-Gr id  Model ing  for Groundwater 
Mechanics 
The Department of Defense has a need to conduct large- 
scale simulations of groundwater remediation scenarios. 
The USACE Waterways Experiment Station has developed 
a parallel numerical modeling tool to  solve these uncon- 
fined flow and transport problems. The ADH (ADaptive 
Hydrology) model has been designed to  take advantage of 
the increased memory and processing capabilities of dis- 
tributed memory computers. To capture transient features 
such as dynamic wells and concentration fronts, the ADH 
model adjusts the mesh resolution during the simulation. 
We will discuss the parallel algorithms in the model and 

present results demonstrating the model’s capabilities. 
Alan K. Stagg 
Joseph H. Schmidt 
Stacy E. Howington 
U. S. Army Engineers Waterways Experiment Station 
3909 Halls Ferry Road 
Vicksburg, MS 39180-6199 
E-mail: stagg@rusty. wes .army. mil 

CP09 
Inverse Electromagnet ic  P r o b l e m  with Optimally 
Designed Induct ive Source 
The talk deals with the problem of increasing the resolu- 
tion of inverse electromagnetic problem by optimizing the 
intensity of an array of inductive sources. Data due to  this 
optimal source are used then to  obtain a solution of the 
inverse problem by a gradient technique. The first prob- 
lem is to  design an optimal source, which concentrates the 
current flux to  the region of inclusion. The solution of this 
problem is given by the first eigenfunctions of a general- 
ized eigenvalue problem. These eigenfunctions provide a 
basis for a natural parameterization of the space of solu- 
tions of the inverse problem, which is used for constructing 
an effective algorithm for electromagnetic inversion. 
Elena Cherkaeva 
Department of Mathematics 
University of Utah, Salt Lake City, UT 84112 
E-mail: elena@math.utah.edu 

Alan C. Tripp 
Department of Geology and Geophysics 
University of Utah 
717 Browning Bldg., Salt Lake City, UT 84112 
E-mail: actripp@mines.utah.edu 

CP09 
Automat i c  Differentiation for Both Inverse and Op- 
t ima l  Control  P rob lems  
Optimization in geophysical applications and nonlinear 
seismic inversion problems typically represent large-scale 
structured optimization problems. In this talk we indicate 
how structure can be used to  allow for the efficent appli- 
cation of automatic differentiation tools to  compute gradi- 
ents, Jacobians, and Hessians. 
Thomas F. Coleman and Arun Verma 
Department of Computer Science 
Cornel1 University, Ithaca, NY 14853 
E-mail: coleman@cs.cornell.edu 

CP09 
A Two Point  Anisotropic Ray Tracing Using Low 
Storage Optimizat ion Techniques 
Rocks can be anisotropic due to  a variety of reasons. When 
estimating rock velocities from seismic data, failure to  in- 
troduce anisotropy into earth models can generate distor- 
sions in the final images that can have enormous economic 
impact. To estimate anisotropic earth velocities by tomo- 
graphic methods, it is neccesary to trace rays in the mod- 
els where anisotropy has been properly considered. In this 
work, we present a method to do anisotropic ray tracing 
by solving a non-linear optimization problem which uses 
a weak anisotropy approximation of the group velocity in 
transversely isotropic media. This optimization problem is 
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solved by the global barzilai and Borwein method, which 
works with first order information and low storage require 
ments. We present some encouraging numerical results. 
Debora Cores, Pedro Contreras and Reinaldo Michelena 
Intevep S. A. 
Apartado 76343 
Caracas 1070-A, Venezuela. 
Email:  (cores, pecontre, michelen)@intevep.pdv.com 

Glenn Fung 
Universidad Sim6n Bolivar 
Apartado 89000 
Caracas 108, Venezuela 

CP09 
2.5-D True-Amplitude Offset Continuation 
A Kirchhoff-type true-amplitude offset continuation al- 
gorithm is proposed for 2.5-D reflections in 2-D later- 
ally inhomogeneous layered isotropic media. It provides 
a transformation between two commom-offset seismic sec- 
tions with the same azimuths but different offsets, where 
not only the kinematics, but also its main dynamic effects 
are correctly taken into account. The process transforms 
primary, commom-offset reflections from arbitrary curved 
interfaces from one configuration to  another, replacing au- 
tomatically the corresponding geometrical-spreading fac- 
tor. The stacking curve and weight function necessary to  
construct the Kirchhoff-type integral operator can be com- 
puted by dynamic ray tracing in the macro velocity model, 
which is supposed to be available. The integral operator for 
the general case of an  inhomogeneous medium is developed 
and some numerical experiments for the homogeneous case 
are presented in order to show the efficiency of the scheme. 
L6cio Tunes Santos, Martin Tygel 
and Jorg Schleicher 
State University of Campinas - UNICAMP 
Caixa Postal 6065, 13081-970 Campinas (SP), Brazil 
E-mail: 1ucioQime.unicamp.br 

CP09 
Total Variation Method for Imaging of Electrical 
Resistance Tomography 
The total variation (TV) method is applied to  the ill-posed 
problem of electrical resistance tomography (ERT). Classi- 
cal regularization methods results in smeared and blurred 
images, which T V  method can overcome. BFGS quasi- 
Newton and direct search methods are used to  minimize the 
objective function arising in the T V  method. Four methods 
are implemented to  seek parametric gradients and perform 
sensitivity analyses. Comparisons of their accuracy and 
efficiency are presented. 
Mengchun Yu and David E. Dougherty 
Research Center for Groundwater Remediation Design 
Department of Civil & Environmental Engineering 
University of Vermont, Burlington, VT 05405-0156 
E-mail: mengchun@emba.uvm.edu 

CPlO 
A Study on Effects of Grid Orientation, Distor- 
tion and Unstructuredness on Solution Accuracy 
For Reservoir Flows 
The paper addresses some fundamental issues related to  so- 
lution accuracy for multi-phase reservoir flow simulations 
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in presence of full unstructured gridding, grid orientation 
and angular distortion. Adequate resolution of such issues 
are deemed critical in building robust and reliable numeri- 
cal methods that can provide greater modeling flexibilities. 
The state-of-art in numerical simulation of reservoir flows 
employing arbitrarily structured grids is briefly reviewed. 
Two-phase flow examples are shown where the limitations 
and extreme loss of accuracy are evident when some of the 
popular approximation schemes are applied to  such grids. 
A fully unstructured 3D model is used to  solve two phase 
flow through porous media. This model is used to  study 
the effects of grid orientation on the location of the satu- 
ration front. It is observed that this method is robust and 
produces accurate solutions even in the presence of highly 
distorted grids with arbitrary orientation. The methodol- 
ogy is applicable to all facets of reservoir flow simulation 
where greater gridding flexibility is required. Such situa- 
tions are common whenever complex geological structures 
need to be honored or fine features such as wells, fractures, 
etc. need to  be modeled. In addition, such robustness is 
essential for numerical schemes employing adaptive grid- 
ding. 
Manas K. Deb, Hui Ning, Mahender P. Reddy 
Computational Mechanics Co., Inc. 
7701 N. Lamar, Suite 200, Austin, TX 78752 
E-mail: debQasterix.cornco.com 

John B. Thuren 
TEXACO EPTD 
3901 Briarpark, Houston, TX 77042 

CPlO 
Multigrid Applied to Implicit Well Problems 
This paper discusses the application of multigrid tech- 
niques to the solution of implicit well equations, which arise 
in the numerical simulation of oil reservoirs. The emphasis 
is on techniques which can exploit parallel computation. 
Joel E. Dendy, Jr. 
Theoretical Division 
Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 
E-mail: jedQlanl.gov 

Hamdi Tchelepi 
Chevron Oil Field Research Co. 
P. 0. Box 446 La Habra, CA 90631 

CPlO 
Using Potential Theory in Advanced Well Mod- 
elling 
Since this decade, advanced wells such as the horizontal 
wells or multi-lateral wells are increasingly being drilled for 
improving oil recovery. The main difficulty for modelling of 
this kind of wells by a reservoir simulator is the singularity 
problem due to  the difference in scale between the small 
wellbore diameter and the large gridblock sizes. To im- 
prove the well modelling, a new technique is introduced to 
determine the numerical productivity (PI) and the equiv- 
alent transmissibility in the well vicinity using a steady- 
state single-phase flow pressure solution. The steady-state 
problem is studied using integral representations from po- 
tential theory. Some examples are presented to show the 
advantage of the new well model. 
Y. Ding and L. Farina 
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Institut Franpis  du Pbtrole 
Rueil-Malmaison, France 
E-mail: D-Yu.DING@ifp.fr 

CPlO 
A Control-Volume Mixed Finite-Element Method 
For Single-phase Multi-Component Compressible 
Fluid Flow in Porous Media 
We will derive and show results of a fully-implicit and fully- 
coupled algorithm to solve a singl-phase, multi-component 
compressible fluid flow in porous media. The permeability 
is assumed to be a full tensor and is a function of fluid 
pressure. The control-volume mixed finite-element method 
is used to  discretize the partial differential equations based 
on the following considerations: (1) mass can be conserved 
on each element and (2) the numerical algorithm can be 
applied on distorted grids. 
Stephen L. Lyons and Guan &in 
Upstream Strategic Research, 
Mobil Technology Company, 
Dallas, TX 75244-4390 
E-mail: sllyons@dal.mobil.com; gxqin@dal.rnobil.com 

CPlO 
A Sequential Semi-Implicit Algorithm for Comput- 
ing Thermal Discontinuous Flows in Porous Media 
A novel algorithm for computing thermal, discontinuous, 
multi-phase flows in reservoirs is presented. The algo- 
rithm uses the Bell-Colella- Ti-angenstein semi-implicit 
scheme for both accuracy and speed of the calculations 
and Trangenstein's sequential approach. The explicit part 
is a high-order scheme with limiters. The implicit part is 
two-step solver: the first step is Crank-Nicolson saturation- 
temperature solver and the second one is a parabolic solver 
for the pressures. Numerical results are presented to  
demonstrate the low numerical dispersion and second-order 
accuracy of the algorithm. 
Marco A. Vegas-Landeau, Phillip Colella and Department 
of Mechanical Engineering 
University of California, Berkeley 
Berkeley, CA 94720 
E-mail: marco@patzek.berkeley.edu, 
colella@ barkley. berkeley.edu 

Tadeusz. W. Patzek 
Department of Materials Sciences & Mineral Engineering 
University of California, Berkeley 
Berkeley, CA 94720 
E-mail: patzek@patzek.berkeley.edu 

CPlO 
Domain Decomposition Met hods for Reservoir 
Models with Discontinous Permeability 
In this paper we will study two-phase water and oil flow 
in a porous media, using the global pressure, the total ve- 
locity and the water-saturation as the primary variables. 
In a model with different types of rock, the permeability, 
the relative permeability and the capillary pressure may 
be discontinuous functions in space. This lead to  inte- 
rior boundary value problems where the saturation also 
will be discontinuous. A new solution procedure for such 
problems, based on discontinous trial functions, will be pre- 
sented. Further, the solution is based on domain decompo- 

sition combined with operator splitting methods. Results 
from 2D tests will be presented. Implementation in a 3D 
simulator is in progress. 
Magne S. Espedal 
Department of Mathematics 
University of Bergen 
5014 Bergen, Norway 
Magne.Espedal@mi.uib.no 

Brit Gunn Ersland 
Statoil 
5020 Bergen, Norway 
BGE@statoil.no 

Roger Nybei Department of Mathematics 
University of Bergen 
5014 Bergen, Norway 
Roger.Nybo@mi.uib.no 

C P l l  
INTERFLOW: a Calibration Method for a Time 
Dependent Groundwater Model 
INTERFLOW identifies the position dependent storage 
coefficient and hydraulic conductivity of a one layer 
anisotropic unconfined aquifer under the Dupuit - Boussi- 
nesq assumption. INTERFLOW relies on a finite differ- 
ence scheme, which uses internodal conductivities and con- 
sists of two stages: parameter identification (inverse prob- 
lem) followed by simulation (direct problem). In stage one, 
given a time series of heads and source terms, the a priori 
values of the parameters are calibrated using a weighted 
linear regression on the flow model. The new features in 
this method are: the use of a compound weighted objective 
function (the sum of the regression and penalty functions), 
and the estimation and iterative updating of the weights. 
The uniqueness and stability of the solution are thus en- 
sured. In stage two, two simulation problems are solved 
using the a priori and calibrated parameters, respectively. 
Equation errors and output errors are thus computed in 
both cases and compared. INTERFLOW has been suc- 
cessfully tested on synthetic and real data. The latter come 
from a 120 km2 area East of Milan. In this case INTER- 
FLOW has led to  50 percent reduction of r.m.s. errors as 
compared to  trial and error methods. 
Sarah Alloisio, Tullia Bonomi 
Angelo Cavallin, and Giovanni F Crosta 
Department of Environmental Sciences 
Universita' degli Studi 
15, via Emanueli, 20126 Milan, Italy 
E-mail: sarah@alpha.disat.unimi.it 

C P l l  
Wetting Fronts in One Dimensional Periodically 
Layered Soils 
We examine wetting front (traveling wave) solutions to  
Richards equation, which describes vertical infiltration of 
water through one dimensional periodically layered unsat- 
urated soils. We prove the existence, uniqueness, and large 
time asymptotic stability of the traveling wave under pre- 
scribed flux boundary conditions and certain constitutive 
conditions, and examine the effects of periodic layering on 
the speed of propogation. 
George Fennemore 
GEOMEGA Inc. 
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2995 Baseline Rd, Suite 202, 
Boulder, CO 80303 
E-mail: Geomega@gnn.com 

Jack Xin 
Department of Mathematics 
University of Arizona 
Tucson, AZ 85721 
E-mail: xin@math.arizona.edu 

C P l l  
Fractional Flow Heterogeneity in Compositional 
Systems: Accuracy of Numerical Weighting 
Schemes 
Upstream weighting is often used in black oil and compo- 
sitional simulations of heterogeneous formations. The va- 
lidity of upstream weighting is based on comparison of nu- 
merical results against Buckley-Leverett solutions for two- 
phase immiscible displacement of oil by water in homoge- 
neous porous media. Oil and gas reservoirs, however, are 
not homogeneous and the validity of the numerical weight- 
ing schemes should be tested against appropriate analyti- 
cal solutions for heterogeneous media. To our knowledge, 
numerical weighting schemes for heterogeneous immisci- 
ble and compositional systems, where relative permeabil- 
ity and residual saturations vary, have not been compared 
against such benchmark solutions. In this paper, bench- 
mark analytical solutions are developed for composite flow 
where each region is characterized with a different set of 
relative permeabilities, residual saturations, and porosities. 
We have tested our results for a range of relative perme- 
ability functions and found that the upstream weighting 
provides ”correct” representation of the flux at the inter- 
face when sufficiently small grids are selected. 
Russell T. Johns and Sathish Subramanian 
University of Texas, Austin 
Dept. of Petroleum & Geosystems Engineering 
Austin, TX 78712-1061 
E-mail: rjohns@pe.utexas.edu 

Birol Dindoruk 
Amoco Production Technology Group 
Amoco Tulsa Technology Center 
4502 East 41st St. (74135-2500) 
Tulsa, OK 74102-3385 
Email:  bdindoruk@arnoco.com 

C P l l  
A Three-Dimensional Multiphase Flow Model for 
Immiscible Fluids in Porous Media 
A three-dimensional, three-phase numerical model is pre- 
sented for simulating the movement of immiscible flu- 
ids including non-aqueous-phase liquids (NAPL’s) through 
porous media. The model is capable of sumulating many 
of the phenomena considered necessary for the sucessful 
simulation of field problems including: entry pressure p h e  
nomena, sharp fronts, entrapment, and preferential flow 
paths. Comparisons of the model with sand tank exper- 
iments show excellent agreement. Theoretical issues re- 
garding advection, upwinding, the control volume finite el- 
ement (CVFE) method, solution stability, monotonicity, 
and conservation, are treated at length. The conditions 
underwhich The CVFE method is monotonistic when ap- 
plied to  advection are shown. 
Logan K. Kuiper 

MS F665 
Los Alamos National Laboratory 
Los Alamos, NM 87544 
E-mail: lkuiper@vega.lanl.gov 

C P l l  
Efficient Simulation of Multiphase Flow in Frac- 
tured Media 
Given a geometric model of a fracture (or fracture net- 
work), the computational tasks for computing multiphase 
flow consist of: 
0)  Constructing a network model for the fracture or frac- 
ture network, 
0)  Constructing a sparse linear system from the network 
model, and 
0)  Solving the sparse linear system. 
Our approach to producing an efficient simulation system 
is two-fold. First, we use network theoretical techniques to  
produce a linear system that is as compact as possible and 
that is sparse and symmetric positive definite. Second, we 
exploit the symmetry and positive-definiteness of the lin- 
ear system by using sparse solvers particularly tailored t o  
such problems. 
John J. Tran*, Andrew Lumsdaine*, and Laura J. Pyrak- 
Nolte+ 
Laboratory for Scientific Computing 
Department of Computer Science and Engineering 
+Department of Geological Sciences 
University of Notre Dame 
Notre Dame, IN 46556 
E-mail: Lumsdaine. l@nd.edu 

C P l l  
A Two-Phase Flow Approach of Air Sparging in a 
Layered Soil 
Air injection into an aquifer below a less permeable hori- 
zontal layer is modeled using a two-phase flow approach. 
Numerical results indicate that a steady state situation is 
approached, which exposes finite radial spreading of in- 
jected air. Considering steady state air flow just below and 
accross the interface, that separates the high and the low 
permeable layers, leads to  an analytical approximation for 
radial air spreading. The approximation is almost perfect 
when heterogeneity is increased. 
M.I. J. van Dijke and S.E. A.T.M. van der Zee 
Department of Soil Science and Plant Nutrition 
Wageningen Agricultural University 
PO Box 8005, 6700 EC Wageningen 
The Netherlands 
E-mail rink.vandij keabodhyg. benp .wau .nl 

CP12 
Stochastic-Perturbation Analysis of a Convection- 
Dispersion-Reaction Equation: Effects of Spatially 
Variable Reaction Rates 
In this work, we carry out a stochastic-perturbation anal- 
ysis of a convection-dispersion-reaction equation for re- 
versible first-order reactions. The Damkohler number, Da, 
is distributed randomly. Zeroth- and first-order approxi- 
mations of the dispersion coefficient, D, are computed from 
moments of the residence-time distribution. The zeroth- 
order dispersion coefficient exhibits linear dependence on 
the variance of the Damkohler number, < (AD,)’ >. 
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The first-order approximation provides a good estimator 
of spreading for Da > 1, and for Da < 1 and < (AD,)' > 
/ < Da >' 5 0.25. 
Vladimir Alvarado 
Intevep, S. A., Apartado 76343, Caracas 1070A, Venezuela 
E-mail: vladimir@intevep.pdv.com 

L. E. Scriven and H. T. Davis 
Dept of Chemical Engineering & Materials Science 
University of Minnesota, Minneapolis, MN 55455 

CP12 
Theoretical and Interpretive Tools for Incorporat- 
ing Geologic Plausibility into Geostatistical Condi- 
tional Simulation 
Variogram-based geostatistical conditional simulation is 
becoming increasingly popular for modeling facies archi- 
tecture of oil reservoirs and aquifer systems. Theoretical 
and interpretive potential of geostatistical methods can be 
significantly improved by modeling spatial variability with 
a transition probability/Markov approach, which fully con- 
siders spatial cross-correlations (juxtapositioning) includ- 
ing asymmetries such as fining-upward tendencies com- 
monplace in fluvial systems. Variations in anisotropy di- 
rections, such as meandering or deformation, can also be 
incorporated to further enhance geologic plausibility. 
Steven F. Carle and Graham E. Fogg 
University of California, Davis 
Davis, CA 95616 
Email: carle@merri.ucdavis.edu 

CP12 
Non Ergodic Reactive Transport in the Unsatu- 
rated Porous Media 
Numerical stochastic analysis of non ergodic flow and reac- 
tive transport processes in two dimensional cross-sections 
of unsaturated porous media are investigated. Spatial ran- 
dom variability of first order decay, hydraulic conductivity, 
water content, and partition coefficient are considered. We 
evaluate the effect of the source size, depth to  ground wa- 
ter, and chemico-physical interaction on solute transport. 
Results are compared to  existing, simplified ergodic and 
non ergodic models. 
Souheil Ezzedine and Thomas Harter 
Land, Air and Water Resources Department 
University of California, Davis 
9240 South Riverbend, Parlier, CA-93648 
E-mail: ezzedine@uckac.edu; thharter@uckac.edu 

CP12 
Probabilistic Characterization of Flow in Random 
Porous Media 
The mechanics of transport and flow in a random porous 
medium are addressed in this paper. The hydraulic prop- 
erties of the porous medium are modeled as spatial random 
processes. The random aspect of the problem is treated by 
introducing a new dimension along which spectral approx- 
imations are implemented. Thus, the hydraulic processes 
are discretized using the spectral Karhunen-Loeve expan- 
sion. The processes representing the species concentrations 
are represented using the Polynomial Chaos basis. The de- 
terministic coefficients in this expansion are calculated via 
a weighted residual procedure. Once the spatio-temporal 

variation of the concentrations has been specified in terms 
of the Polynomial Chaos expansion, individual realizations 
can be readily simulated. 
Roger Ghanem 
Civil Engineering Department 
The Johns Hopkins University, Baltimore, MD, 21218 
Phone: +1 410 516 7647, Fax: +1 410 516 7473 
E-mail: ghanem@jhu.edu 

CP12 
Markov Chains Corresponding to Advection- 
Dispersion Equations with Discontinuous Coeffi- 
cients 
In the subsurface, hydraulic-conductivity values commonly 
range over 5 to  7 orders of magnitude in the presence of 
both gradational and abrupt transitions between materials. 
With the greater recognition of the important role of such 
heterogeneity in controlling contaminant migration and re- 
mediation, numerical models are increasingly being called 
on to simulate transport in the presence of material inter- 
faces. We develop new stochastic equations corresponding 
to  advection-dispersion equations with discontinuous coef- 
ficients. Numerical integration of these equations yields 
new robust random-walk methods for simulating transport 
in heterogeneous porous media. 
Eric M. LaBolle 
Department of Hydrologic Sciences 
University of California, Davis 
Davis, CA 95616 
E-mail: emlabolle@ucdavis.edu 

Jeremy Quastel 
Department of Mathematics 
University of California, Davis 
Davis, CA 95616 

Graham E. Fogg 
Department of Hydrologic Sciences 
University of California, Davis 
Davis, CA 95616 

CP13 
Identification of Factors Affecting Pseudo Relative 
Permeability Curves 
To simulate very large field reservoirs like the ones existing 
in the Middle East, a large number of grid cells is needed. 
Pseudo relative permeability curves are used to  reduce the 
dimensionality of reservoir simulation models and to  ac- 
count for intra-cell rock properties variations. Identify- 
ing the parameters affecting pseudo relative permeability 
curves is very important so that the model cells can be 
grouped in different categories where the proper pseudo 
relative permeabilities are generated for each group. The 
objective of this study was to  identify the factors affect- 
ing pseudo relative permeability curves. Different reservoir 
rock and fluid properties were studied. Validation of some 
curves are also shown. It was concluded that the most 
pronounced effect on pseudo relative permeability curves 
is caused by the reservoir dip angle. Layer thickness and 
PVT properties have also an effect. Production rate and 
vertical to  horizontal permeability ratio have no significant 
effect on the parameter ranges studied. While absolute per- 
meability for low dip angle cases has no effect, at high dip- 
angle cases, absolute permeability effect should be taken 
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into consideration. 
Abdulaziz A. Al-Maied and Saud S. Al-Qtaibi 
Petroleum Engineering Department 
King Fahd University of Petroleum and Minerals 
Dhahran 31261, Saudi Arabia 
Fax: 966-3-860-4447 

CP13 
Numerical Simulations of Slug Injection in En- 
hanced Oil Recovery 
We present an algorithm to solve the mathematical model 
for water alternating gas slugs injection process.This pro- 
cess is used in enhanced oil recovery and is modelled by a 
non-strictly hyperbolic system. There are several discon- 
tinuities in the solution as a consequence of the bound- 
ary conditions discontinuities and the non- linearity of the 
equations. We show by numerical experiments that the 
usual upwind conservative schemes give excessive smeared 
and non-entropis approximations.In our algorithm we use 
the Riemann solutions whenever discontinuities interact 
themselves. The self- similar property is used elsewhere. 
Cristina Cunha 
IMECC - UNICAMP 
Campinas - Sao Paulo 

E-mail: cunha@ime.unicamp.br 
13081-970 BRASIL 

A.C. Correa and E. Bonet 
CEPETRO - UNICAMP 
Campinas - Sao Paulo 

E-mail: correa@dep. fem.unicamp. br 
13081-970 BRASIL 

CP13 
Prediction of Fracture Patterns with Neural Net- 
works 
Neural networks provide model-free estimation of an un- 
known function from observed random samples. The feed- 
forward backpropagation neural network is one of super- 
vised learning techniques which performs the estimation 
by minimizing unknown expected error functional. In this 
paper applications of the method to  the estimation of frac- 
ture aperture in three dimensions are presented, and sev- 
eral problems with stability and convergence are discussed. 
Also, some solutions and suggestions of how to deal with 
spatial data in presence of discontinuities and high fre- 
quency of changes in data are provided. 
Marek Kacewicz 
ARC0 Exploration and Production Technology 
2300 W.Plano Pkwy., Plano, TX 75075 
E-mail: dprmk@arco.com 

CP13 
Generalized Model for Two-Phase Flow through 
Porous Media with Three Types of Capillary Forces 
We introduce three different types of capillary forces in 
porous media causing various fluid phase distributions. 
The film structure inside a pore determines a ”transversal” 
capillary force, which only leads to the difference between 
the phase pressures. The immobile meniscuses at the en- 
try or the end of pores form a vector field of ”blocking” 
capillary forces. The moving meniscuses in some pores de- 
termine a vector field of ”moving” capillaw forces. Intro- 

ducing of three vector fields in the conservation equations 
leads to  a new macroscopic model for the two-phase flow. 
Closing relations describing the evolution of the meniscus 
concentration are deduced using results of numerical net- 
work simulations. In some cases the model may be reduced 
to an integral-differential equation for the saturation. The 
model leads to some new results, is susceptible to the wet- 
ting condition change, and allows to  explain the phenom- 
ena observed in the media of heterogeneous wettability. 
Irina Panfilova, Mikhail Panfilov 
011 & Gas Research Institute, Russian Academy of Sci- 
ences, 
63, Leninski prospekt, 117917, Moscow, Russia 
Fax: 7(095)135.88.76 
E-mail: mpanfilov@glas.apc.org 

CP13 
Well-Posedness of Two-Phase Flow Problems Aris- 
ing in Reservoir Simulation 
This talk reviews recent results concerning well-posedness 
and error estimates for systems arising in the modeling of 
oil-recovery processes. We present existence and unique- 
ness results for a twc-phase flow model in 2D. For one- 
dimensional models we review stability and error estimates 
for a system including a stiff relaxation term. This system 
arises in the modeling of non-equilibrium chemical flood- 
ing. All the theoretical results are complemented by nu- 
merical examples. 
Achim Schroll 
RWTH- Aachen 
Templergraben 55, D-52056 Aachen, Germany 
E-mail: schroll@igpm.rwth-aachen.de 

Aslak Tveito 
University of Oslo, Dept. of Informatics 
P. 0. Box 1080 Blindern, N-0316 Oslo, Norway 
E-mail: aslak@ifi.uio.no 

CP13 
A Model for Viscous Fingering in Porous Media 
We develop a new model for describing viscous fingering 
in random porous media. The model is based on a theory 
of small fluctuations of the concentration (or mobility) of 
the fingered region (rather than the overall region as as- 
sumed by Welty and Gelhar). The model recognizes that 
transverse concentration averages are random variables and 
describes the evolution of the averages and their variance. 
A novel exact equation is obtained for the evolution of the 
thickness of the fingered region as a function of the stream- 
wise coordinate and time. This equation contains a diffu- 
sion term, the account of which is necessary to reproduce 
experimentally and empirically observed viscous fingering 
behavior. The solution of the set of hyperbolic equations 
obtained is simplified if the fluids mechanics are described 
by the so-called Transverse Flow Equilibrium assumption, 
obtained in the limit where a permeability-modified aspect 
ratio, RL = L/H(ICV/ICH)~/’, is large. The results are 
compared with the various existing empirical models (such 
as the Koval, Todd-Longstaff and Fayers models) and val- 
idated by high resolution simulation. 
Zhengmin Yang and Yannis C. Yortsos 
Department of Chemical Engineering 
University of Southern California 
Los Angeles, CA 90089-1211 
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CP14 
Piecewise Smooth Models for Electromagnetic In- 
verse Problems 
In this presentation, we address the problem of construct- 
ing electrical conductivity models of the earth from sur- 
face electromagnetic measurements. The construction of 
these models is a nonlinear inverse problem that can be ap- 
proached by linearizing the corresponding functional and 
applying iterative techniques such as Tikhonov’s regular- 
ization. The standard application of these techniques usu- 
ally leads to  smooth models that represent a continuous 
variation of conductivity with depth. In this work we de- 
scribe how these methods can be modified to  incorporate 
what is known in Computer Vision as the Iine process (LP) 
decoupling technique, which has the ability to  include dis- 
continuities in the models. This results in piecewise smooth 
models which are often more adequate for representing 
stratified media. We implemented a relaxation technique 
to  construct these types of models and present numerical 
experiments and applications to  field data. These exam- 
ples illustrate the performance of the combined LP and 
Tikhonov’s regularization method. 
Hugo Hidalgo 
CICESE 
Ciencias de la Tierra 
Km. 107 Carr. Tijuana-Eda. 
Ensenada, Baja California 22806 Mhxico 
E-mail: hugo@cicese.mx 

Jose Luis Marroquin 
CIMAT 
Callej6n Xalisco S.N. 
Valenciana, Guanajuato, 
Gto., 36240 MQxico 

Enrique G6mez-Treviii0, 
CICESE 
Ciencias de la Tierra 
Km. 107 Carr. Tijuana-Eda. 
Ensenada, Baja California 22806 MBxico 

CP14 
3D Seismic Migration without Lateral Splitting 
Prestack depth migration transforms seismic data into an 
“image” of the subsurface. We use a paraxial wave equa- 
tion based algorithm in the space frequency domain that 
steps downward in the physical domain. At each depth 
step we have to  solve a (large, complex, non-hermitian) 
linear system. This is usually avoided through use of a 
non-consistent splitting method, complemented by ad-hoc 
procedures to  restore isotropy. We propose to  solve the 
linear system by iterative methods. This enables us to  use 
carefully crafted discretization schemes to  preserve accu- 
racy and isotropy. 
Michel Kern 
INRIA Rocquencourt 
B.P. 105 
78153 Le Chesnay Cedex, f iance 
Email:  Michel.Kern@inria.fr 
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CP14 
Detection of Lateral Velocity Contrasts by Cross- 
well Traveltime Tomography 
Crosswell traveltime tomography is a common technique 
in the oil industry for determining the velocity function in 
the plane between two boreholes. The lateral resolution 
of this technique is far less than the vertical resolution. 
We propose a new method for detection of lateral velocity 
contrasts, which severely constrains the solution space by 
inverting for the position of the velocity contrast only. We 
compare the two methods for a real exploration problem, 
in which a sudden lateral velocity change, associated with 
a geological transition, is expected. 
J .C. M. Goudswaard 
Department of Geophysics, University of Utrecht 
P.O. Box 80.021, 3508 TA, Utrecht, The Netherlands 

A.P.E. ten Kroode 
Shell International Exdoration and Production B.V 
P.O. Box 60, 2280 AB-Rijswijk, The Netherlands 
E-mail: A.P.E.tenKroode@siep.shell.com 

R.K. Snieder 
Department of Geophysics, University of Utrecht 
P.O. Box 80.021, 3508 TA, Utrecht, The Netherlands 

A.R. Verdel 
Shell International Exploration and Production B.V. 
P.O. Box 60, 2280 AB Rijswijk, The Netherlands 

CP14 
Can we Obtain Correct Amplitudes with Paraxial 
Equations? 
When Paraxial equations are used in a seismic inversion 
context, where physical parameters of the medium have 
to  be estimated from true amplitudes of recordings, the 
question of the quality of the amplitudes that can be re- 
covered arises. This requires that three difficulties due to  
the paraxial equations be dealt with correctly: the treat- 
ment of source terms, the suppression of evanescent modes 
and the introduction of absorbing boundary conditions on 
the lateral edges. Numerical examples are given and show 
the possibilities of our approach. 
Francis Collin0 and Benoit LAVAUD 
INRIA-Rocquencourt 
Domaine de Voluceau 
B.P. 105, F-78153 Le Chesnay, France E-mail: 
Benoit .Lavaud@inria. fr 

CP14 
Reverse Time Migration: A Pragmatic Approach 
to 3D Inversion of Seismic Data 
This approach is used for imaging the earth’s interior by 
propagating recorded data  backward in time, according to  
the full scalar wave equation. We solve the discrete re- 
lated Hamilton’s equations with a parallel method which 
is conditionally stable and respects the time-reversibility. 
Consequently, we can use the generalized momentum to  
impose absorbing boundary conditions: we control the en- 
ergy flux to  trap the outgoing energy, which is then damp 
using 1D paraxial equations. We study the significance of 
this choice of boundary conditions on the reconstruction 
process. 
Ernest0 Bonomi, Mauro Ennas, Carlo Nardone and 

mailto:yortsos@euclid.usc.edu
mailto:Michel.Kern@inria.fr
mailto:A.P.E.tenKroode@siep.shell.com


Abstracts 45 

Enrico Pieroni 
CRS4, Computational Geophysics Area 
Via N. Sauro, 10 
1-09123 Cagliari, Italy 
E-mail: ep@crs4.it 

E-mail: borchers@nmt.edu 

Jan M. H. Hendrickx 
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CP14 
A Dual-Grid Nonlinear Inversion Technique with 
Applications to the Interpretation of DC Resistiv- 
ity Data 
We develop a solution to  the nonlinear inverse problem 
via a cascade sequence of auxiliary least-squares minimiza- 
tions. The auxiliary minimizations are nonlinear inverse 
problems themselves, except that  are implemented entirely 
on a finite-difference grid several times coarser than the ac- 
tual grid used to simulate numerically the measurements. 
Upon solving a given auxiliary inverse problem, we per- 
form a numerical simulation of the data with a fine, ac- 
curate finite-difference grid in order to quantify the data 
misfit. If any, the difference between the measured data 
and the simulated data is used to construct the subsequent 
auxiliary inverse problem in the cascade. This procedure is 
brought to a halt when the agreement with the measured 
data falls within the prescribed criterion of accuracy. A 
central motivation implicit in the design of the coarse grid 
is a t  least a ten-fold acceleration in the computation of 
the Jacobian matrix needed to solve the auxiliary inverse 
problems. Therefore, in principle the cascade sequence of 
inverse problems can be rendered many times more effi- 
cient than the traditional minimization performed solely 
with the fine grid that simulates the measurements. 
Carlos Torres-Verdin and Vladimir 
Schlumberger-Doll Research 
Old Quarry Road, Ridgefield, CT 06877 
Email: ctorres@ridgefield.sdr.slb.com 
druskin@ridgefield . sdr . slb . com 
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CP15 
Inversion of Soil Conductivity Profiles from Geo- 
magnetic Induction Measurements 
Ground conductivity meters such as the Geonics EM-38 
can be used to estimate depth profiles of electrical con- 
ductivity for near surface soils. We discuss a linear model 
and a more accurate nonlinear model of the response of 
the EM-38. Tikhonov regularization is used to solve the 
resulting inverse problems. Results from a field study are 
reported. 
Brian Borchers and Alex Hilgendorf 
Department of Mathematics 
New Mexico Tech, Socorro, NM 87801 

CP15 
Identification for Control in the Modelling and 
Management of Ground Water Systems 
Parameter identification is usually one step in the calibra- 
tion of hydrogeological models. Uniqueness conditions and 
stability estimates of coefficients (e.g., transmissivity) with 
respect to data (eg., source terms, hydraulic potentials) 
are however insufficient from an applications viewpoint, 
because they fall short of determining how sensitive the 
required simulation results (e.g., predicted potentials) are 
with respect to the original data. This goal can only be 
achieved by defining a data - to - result map and examin- 
ing its properties. The stability of this map is estimated 
in the appropriate Sobolev spaces, as suggested by some 
recently stated conditions, which yield a unique transmis- 
sivity. The main technical tools are gradient estimates for 
solutions of the stationary transport equations and the fun- 
damental inequalities of elliptic theory. 
Giovanni F. Crosta 
Department of Environmental Sciences 
Universita' degli Studi 
15, via Emanueli, 20126 Milan, Italy 
E-mail: giovanni@alpha.disat.unimi.it 

CP15 
Geostatistical Inverse 
Method for Two-Dimensional Saturated Ground- 
water Flow: A Case Study 
History matching for two-dimensional saturated groundwa- 
ter flow models is accomplished through a geostatistical in- 
verse procedure utilizing the covariance of head and cross- 
covariance of head with the log of transmissivity in time 
and space. Simulations of random transmissivity fields are 
conditioned to match sampled locations of transmissivity 
and head data through time by iteratively cokriging and 
solving the groundwater flow equation. A case study at 
the Kirtland Air Force Base in central New Mexico illus- 
trates the method. 
Debra L. Hughson and Allan Gutjahr 
New Mexico Institute of Mining and Technology 
Socorro, NM 87801 
E-mail: IhughsonQnmt .edu 

CP15 
Function Parameter Estimation Problem for Infil- 
tration 
A mathematical model for nonhysteretic water infiltration 
in nonswelling soil can be expressed as the Burgers equa- 
tion under appropriate physical conditions. For this non- 
linear partial differential equation the modal approxima- 
tion scheme for estimating parameters such as initial water 
distribution and precipitation-evaporation history is intrc- 
duced. The function space parameter estimation conver- 
gence property of this scheme is proved. Several numerical 
simulation results will be shown. 
Chung-Ki Cho, YongHoon Kwon 
Department of Mathematics 
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CP15 
Numerical Inversion of a Two-Phase Hydraulic 
Test 
Inverse analysis of a gas-threshold pressure test for forma- 
tion and multiphase flow parameters was conducted us- 
ing ITOUGH2 (Inverse TOUGH2), a multiphase reservoir 
simulator. Parameter sensitivity, correlatioqand identifi- 
ability were diagnosed, and the optimum parameter set 
determined. In the first part of the test sequence only 
permeability and gas-threshold pressure could be reliably 
determined. Adding data from a brine injection test to  the 
inversion reduces correlations and increases identifiability. 
Thus it is crucial that pretest design be performed using a 
statistical approach to  construct tests for identifying com- 
plex processes. 
Gregory J. Ruskauff 
INTERA Inc., Albuaueraue. NM - - I  

E-mail: gjrusl&u@dpcmail.dukepower.com 

Paul S. Domski 
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CP15 
On the Use of Modulated Boolean Processes in the 
Modeling of Hydraulic Conductivity 
We demonstrate that issues in modeling of hvdraulic 

Abstracts 

ically. Physical experiments are run in a transparent analog 
variable-aperture fracture. The fracture aperture field and 
the tracer concentrations in the fracture are measured us- 
ing light transmission techniques, with a resolution of 0.1 
mm. This is a very high resolution data-set, which permits 
detailed validation of current understanding of single-phase 
and multi-phase transport in variable-aperture fractures. 
Russell Detwiler and Harihar Rajaram 
Department of Civil Engineering 
University of Colorado, Boulder, CO 80309-0428 
e-mail: hari@Colorado.EDU 

Robert J .Glass 
Geohydrology Division 
Mailstop 1345 
Sandia National Laboratories Albuquerque, NM 87185- 
1345 

CPlS 
Optimization and Estimations of Flow-Transport 
Characteristics on the Basis of Analytical Solutions 
Optimization of integral (total seepage force, total rate, 
drained/wetted area, plume extension, etc.) and local 
(hydraulic gradient, hydraulic head, concentration at pre- 
scribed points, residence time, etc.) characteristics is per- 
formed by control of boundary conditions, boundary ge- 
ometry (optimal shape design) and flow and transport pa- 
rameters (conductivity and/or dispersivity distributions). 
All optimizations involve rigorous proof of necessary and 
sufficient conditions of extremum. Kinematics of mixing 
in seepage flows is studied both for steady case in hetero- 
geneous aquifers and for transient patterns. Underflooding 
curves, Eulerian-Lagrangian plumes, "resting lenses" along 
with standard flow characteristics are illustrated in terms of 
the Dupuit-Forchheimer theory, its linearization, linear po- 
tential theory, nonlinear potential theory, Richards equa- 
tion involving hysteresis of the conductivity-suction pres- 
sure curves. For non-linear diffusion (Richards' equation) 
and velocity-dependent dispersion problems the necessary 
and sufficient conditions are derived which allow comparing 
the solutions of the corresponding equations with different 
coefficient,s. These conditions provide a framework within 
which solutions to  the complex non-linear problems can 
be estimated by solutions to the problems possessing ana- 

v lytical solvability. For two-dimensional steady-state mass 
conductivity such as heterogeneity, non-stationarity, transport in a spatially varying velocity field taking place in 
anisotropy, and self-similarity can be addressed in a very trapezoidal homogeneous embankment an analytical solu- 
intuitive manner through the use of modulated Boolean tion for concetration distribution is obtained. This solution 
processes. Modulated Boolean processes are also both easy is derived by applying the Dupuit-Forchheimer approxim& 
to simulate and motivate a data fitting algorithm. Results tion and conformal mappings. Our analysis leads to  an ad- 
of fitting the MADE2 experiment data Will be Presented. ditional constraint on applicability of this approximation 
Christian J. Wvpasek and Ben G. Fitzpatrick for transport problems. 
Center for Research in Scientific Computation A.R. Kacimov 
North Carolina State University Institute of Mathematics and Mechanics 
Raleigh, NC 27695-8205 Kazan University 
Email: wypasek@eos.ncsu.edu, 17 University St., Kazan, 420008, Russia 
bfitz@farside.math.ncsu.edu 
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CP16 
A Degenerate Parabolic Equation in Fractured 
Porous Media with Evolutionary Boundary Con- 
ditions 
We study differential equations that model contaminant 
flow in a fractured porous medium consisting of a single 
fracture bounded by a porous matrix. In the fracture we 
assume convection, decay, and loss to the porous matrix, 
and in the porous matrix we include diffusion, decay, and 
sources. The model leads to  a degenerate, linear parabolic 
equation in a half-space with a differential equation for an 
oblique boundary condition. Specifically, we examine 

Ut  = uyy - xu + f(2, y, t ) ,  2, y > 0: t > 0 
Ut = -u ,+u , -Auony=O;  u(O,O,t) =uo(t), t > O  

with zero initial data. Using Laplace transforms we ob- 
tain the Green’s function for the problem and numerically 
calculate solution surfaces. 
Michelle Homr, and J. David Logan 
Department of Mathematics and Statistics University of 
Nebraska 
Lincoln, NE 68583 
E-mail: mhomp@math.unl.edu 

CP16 
Nonisothermal Multiphase Subsurface Transport 
on Parallel Computers using Domain Decomposi- 
tion and Message-Passing Techniques 
We present a numerical method for nonisothermal, multi- 
phase subsurface transport in heterogeneous geologic me- 
dia. The mathematical model treats nonisothermal two- 
phase (liquid/gas) flow, including capillary pressure ef- 
fects, binary diffusion in the gas phase, conductive, latent, 
and sensible heat transport. The Galerkin finite element 
method is used for spatial discretization, and temporal in- 
tegration is accomplished via a predictor/corrector scheme. 
Message-passing and domain decomposition techniques are 
used for implementing a scalable algorithm for distributed 
memory parallel computers. Example simulations will be 
shown t o  demonstrate capabilities and performance. 
Mario J. Martinez and Polly L. Hopkins 
Engineering Sciences Center 
John N. Shadid 
Computational Sciences and Math Center 
Sandia National Laboratories 
Albuquerque, NM 87122 
E-mail: mjmarti@sandia.gov 

CP16 
A Simple Approach for Modeling Micro 
Preferential-Path Flow and Transport in Hetero- 
geneous Vadose Zone 
Flow and transport of contaminants dissolved in water does 
not take place in all pores of a vadose-zone soil. The effects 
of unsaturated flow in only a fraction of pores oon the 
transport of retarted chemical species is examined. The 
simple apporoach used t o  examine this micro preferential- 
path flow is described and was implemented with, minor 
changes to  a macro flow and transport model. The results 
of a case study involving tank leaks at thge Hanford site 
are presented. 
Me1 G .  Piepho 
Daniel B. Stephens and Associates, Inc. 

1845 Termnal Dr., Suite 200, Richland, WA 99352 
E-mail: stephens@oneworld.owt.com 

CP16 
Identification of Groundwater Contaminant 
Sources by Means of Operational Analysis 
We present a simple, alternative strategy for identifying 
sources, and release history, of contamination in ground- 
water systems. Our method involves application of Green’s 
functions as well as direct and inverse Laplace and Fourier 
transforms. We show that given prior noise-free informa- 
tion in terms of a breakthrough curve at an arbitrary loca- 
tion, numerical evaluation of the inverse Laplace transform 
completely recovers plume evolution history. This simple 
technique compares favorably with its more sophisticated 
counterparts such as Tikhonov Regularization or Minimum 
Relative Entropy. It is demonstrated that limited amount 
of concentration measurements (say, 25 samples) from a 
breakthrough curve is enough to recover the ”true” sig- 
nal of a complex, multi-modal plume release history. As 
few as 10 measurements allow us to capture qualitative 
parameters of release history. The recovery becomes less 
accurate as the distance between the contaminant source 
and an observation point increases. We consider the effects 
of parameter uncertainty. It is confirmed that the effect 
of parameter estimation errors on the recovered plume is 
in accordance with the magnitude of the errors. The un- 
known location of a contaminant source can be determined 
by means of Fourier transform, if prior information in terms 
of concentration distribution at an arbitrary time is avail- 
able. The accuracy of such a prediction increases with the 
number of locations where concentration is measured, and 
decreases with time since contaminant release. 
Dongxiao Zhang and Daniel M. Tartakovsky 
Geoanalysis Group, MS D401 
Los Alamos National Laboratory 
Los Alamos, NM 87545 
E-mail: daniel@vega.lanl.gov 

MSOl 
Some Directions in High Performance Parameter 
Estimation 
Although groundwater sites are sparsely sampled, the num- 
ber and disparate types of samples present as a huge data 
assimilation problem when one wishes to  extract from them 
parameter values (e.g., material property or boundary con- 
dition) and quantitative geometric descriptions (e.g., spa- 
tial correlations). This paper discusses techniques to  facil- 
itate parameter estimation that are sufficiently rapid, ac- 
curate, and robust for engineering use. The emphases are 
high speed, three spatial dimensions, multiple data types, 
and data-driven inference. 
David E. Dougherty 
Research Center for Groundwater Remediation Design 
University of Vermont 
379 Votey Building 
Burlington, VT 05405-0156 
Email: David.Dougherty@uvm.edu 

MSOl 
Modeling Mass Transfer Phenomena in Heteroge- 
neous Subsurface Systems 
Interphase mass transfer phenomena comprise an impor- 
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tant class of constitutive relations for subsurface transport 
models. Recent results have shown that time-scales for at- 
tainment of equilibrium between phases may be sufficiently 
long for some cases, such as sorption-desorption between a 
natural solid phase and an aqueous phase, so as to  render 
models based upon the assumption of local equilibrium be- 
tween phases as crude approximations of the true system 
behavior. We consider a two-scale, stochastic approach to  
model such phenomenon, and we show comparisons with 
models of varying sophistication. We also compare alter- 
native implementation methods and discuss computational 
issues. 
Cass T. Miller, Joseph F. Kanney, and Joseph A. Pedit 
CB 7400, 104 Rosenau Hall 
Department of Environmental Sciences and Engineering 
University of North Carolina 
Chapel Hill, NC 27599-7400 
E-mail: case y -miller @unc . edu , kanney Qgeek . sph . unc . edu , 
and jpedit@sophia.sph.unc.edu 

kinetic field problems are discussed. 
Mary Fanett Wheeler 
The University of Texas at A~~~~~ 
TAy 2.400, Austin, Texas 78712 
E-mail: mfw@ticam.utexas.edu 

MSOl 
Network Models €or Field-Scale Analysis of Con- 
servative Contaminant Transport 
Proper representation of contaminant transport through 
porous media is an essential ingredient for modeling 
groundwater remediation. It is shown through computa- 
tional experiments that  a discrete network simulates con- 
taminant transport well. A network is presumably an anal- 
ogy to  the actual porous medium, but more likely its suc- 
cess in simulating flow and transport derives from the sta- 
tistical content of the fluid velocity fields. Network calibra- 
tion consists of determining the statistical distribution of 
network components such that macro-scale flow and trans- 
port characteristics of the porous medium are replicated. 
John F. Peters and Stacy E. Howington 
U.S. Army Engineer Waterways Experiment Station 
Vicksburg, MS 39180 

Robert S. Maier 
Army High Performance Computing Research Center 
Minneapolis, MN 

MSOl 
A Parallel Multiphase Flow and Transport Model 
in Permeable Media 
In this presentation, we discuss the formulation of a nu- 
merical model in three spatial dimensions for multicom- 
ponent multiphase flow and transport with biological and 
chemical kinetics in a permeable media that is currently 
being developed for massively parallel, distributed mem- 
ory, message passing machines at the Center for Subsur- 
face Modeling at The University of Texas at  Austin. Op- 
erator splitting is used to  decouple the flow. transport, 
and reaction. In addition, the simulator uses a multiblock, 
domain decomposition approach; that  is, the reservoir is 
divided into non-overlapping subdomains that are solved 
locally in parallel (inner iteration). The connection be- 
tween subdomains is attained through a global interface 
problem (outer iteration) formulated in terms of appropri- 
ate equations that guarantee continuity of total component 
fluxes. Mass balance equations and phase equilibrium cal- 
culations are solved simultaneously, with a fully implicit 
method. Parallel, iterative techniques are employed to  
solve the resulting nonlinear equations. Experiments from 
applying this simulator to  a bioremediation and chemical 

MS02 
Inverse Problems in Hydrogeology and the Chal- 
lenge of Heterogeneity 
The hydrogeologic properties of formations vary in space 
in complex and hard to predict ways. In most applications, 
the parameter functions must be determined from data 
through the solution of inverse problems. The objective 
is to  resolve as many features of the parameter functions 
as possible given the available information. We describe a 
flexible and computationally efficient stochastic approach 
for the determination of best estimates and of equally likely 
solutions conditionally on the data. 

Dept. of Civil & Environmental Engineering 
Stanford University,Stanford, CA 94305-4020 
E-mail: pkk@cive.stanford.edu 

Peter K. Kitanidis 

MS02 
New Challenges in Aquifer Characterization: On 
the Integration of Geophysical Remote-Sensing 
Data and Tracer Data With Conventional Hyro- 
geological Testing 
In this talk, stochastic methods for hydrogeological site 
characterization based on integration of conventional hy- 
drogeological data by both tracer and/or contaminant 
transport data and geophysical remotely gathered informa- 
tion are discussed. The potential benefits in using tracer 
data such as travel times, concentrations and spatial mo- 
ments will be discussed as well as lessons learned from field 
applications. In the area of geophysical remote sensing 
information, the integration of seismic and electric tech- 
niques for characterization of the unsaturated and the va- 
dose zone will be discussed and problem areas will be high- 
lighted. It is shown that these types of auxiliary informa- 
tion hold great promise for enhancing aquifer characteriza- 
tion. 
Yoram Rubin 
Dept. of Civil & Environmental Engineering 
University of California, Berkeley, CA 94720 
Email:  rubin@arimor.ce.berkeley.edu 

MS02 
Estimation of Multiphase Flow Functions in Porous 
Media 
The equations for simulating many different displacement 
processes in porous media are fairly well-established, but 
the specification of media properties to  model specific sit- 
uations remains an enormous problem. We address esti- 
mation of multiphase flow functions (relative permeability 
and capillary pressure), which are functions of the state 
variables in the nonlinear partial differential equation mod- 
els. A general methodology is presented for this estimation 
problem. We demonstrate its application with novel exper- 
iments that incorporate nuclear magnetic resonance images 
and for estimating three-phase flow functions. 
A. Ted Watson 
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MS02 
Stochastic Inverse methods: Coconditional Mo- 
ments of Conductivity, Hydraulic Head, and Ve- 
locity Fields in Variably Saturated Porous Media 
Two stochastic inverse methods are developed to  derive co- 
conditional moments of conductivity, hydraulic head, and 
velocity fields for steady flow in variably saturated porous 
media. One is a direct approach based on a successive lin- 
ear estimator to  derive the coconditional effective proper- 
ties and their variances. The other is based on an iterative 
coconditional simulation. The two approaches are applied 
to  saturated and unsaturated flow problems and their ad- 
vantages and disadvantages are discussed. 
T-C. Jim Yeh 
The University of Arizona, Tucson, Arizona 

MS03 
Numerical Homogenization of Stationary and Er- 
godic Random Permeability Field 
We consider the behavior of incompressible two-phase flow 
in heterogeneous reservoirs, with absolute permeability and 
porosity which are statistically homogeneous and ergodic 
random fields. We have developped a numerical algorithm 
based on the primal-dual formulation of the single phase- 
like auxiliary stochastic problemswhich allows to compute 
both the effective permeability and porosity and the Mi- 
nimal Representative Volume on which these effective pa- 
rameters are valid. After performing numerical tests on a 
large number of realizations, we compare statistical flow 
properties for the heterogeneous data versus the homoge- 
nized ones. We conclude, as the theory was predicting, that 
making flow simulations only on the scaled-up realizations 
is enough to  predict the flow statistical properties. 
Anca Badea 
CRES, Elf Antar France 

Alain P. Bourgeat 
University of Saint-Etienne 
France 

MS03 
Numerical Upscaling of Strongly Heterogeneous 
Media Using a Multiscale FEM 
We present a new finite element method for solving com- 
plex flows in strongly heterogeneous media. The idea is 
to  capture the large scale solutions without resolving the 
small scale details. This is accomplished by constructing 
multiscale base functions adaptive to  the microstructures of 
the problem. Therefore small scales are correctly captured 
on a coarse grid. Convergence of the method has been es- 
tablished. The method applies to  general multiscale media 
without assuming periodicity and scale separations. 
Thomas Y. Hou 
Amlied Mathematics, 217-50 
California Institute of Technology 
Pasadena, CA 91125 
E-mail: hou@ama.caltech.edu 

MS03 
Dual Porosity Models for Consolidation of Swelling 
Clay Soils 
A three scale theory of swelling clay soils is developed 
which incorporates physico-chemical effects and delayed 
adsorbed water flow during consolidation. At the inter- 
mediate (meso) scale the clay platelets and the adsorbed 
water are homogenized in the spirit of hybrid mixture the- 
ory, A homogenization procedure is used to  upscale the 
mesoscale mixture of clay particles and bulk water to  the 
macroscale. The resultant macroscopic model is of dual 
porosity. 
Marcio A. Murad 
LNCC/CNPa 
Rua Lauro Muller 455, 
Botafogo 22290 Rio de Janeiro, Brazil 
E-mail murad@alpha.lncc.br 

John H. Cushman 
Center for Applied Mathematics 
Purdue University 
West Lafayette, IN 47907 

MS03 
Homogenized Models with Memory Effects for 
the Compressible Two-Phase Flow through Highly 
Heterogeneous Porous Media 
We present the results of the homogenization for the flow of 
two compressible fluids through the dual-porosity medium. 
We show four general classes of global behavior, differ- 
ing by the type of elementary flows at the one-cell level. 
We propose a diagram of their predominance, generalizing 
our previous results. The homogenized models deduced 
for three classes of media reveal the macroscopic memory 
effects, such as a relaxation of the capillary pressures, or 
a convective delaying for the saturation transport, as well 
as the trapping phenomena. We propose the decomposi- 
tion method to  compute the effective phase permeability 
tensors. Parallel with asymptotic expansion method, we 
demonstrate another formal approach being a generaliza- 
tion of the two-scale convergence method. 
Mikhail B. Panfilov 
011 & Gas Research Institute, Russian Academy of Sci- 
ences, 
63, Leninski prospekt, 117917, Moscow, Russia 
Telephone: 7(095)135.75.66 
Fax: 7(095)135.88.76 
mpanfilov@glas. apc. org 

MS04 
Eulerian-Lagrangian Localized Adjoint Methods 
for Reactive Transport with Biodegradation 
The microbial degradation of organic contaminants in the 
subsurface holds significant potential as a mechanism for 
in-situ remediation strategies. The mathematical models 
that describe contaminant transport with biodegradation 
involve a set of advective-diffusive-reactive transport equa- 
tions. These equations are coupled through the nonlinear 
reaction terms, which may involved reactions with all of the 
species and are themselves coupled to growth equations for 
the subsurface bacterial populations. In this article, we de- 
velop Eulerian-Lagrangian localized adjoint methods (EL- 
LAM) to solve these transport equations. ELLAM are for- 
mulated to  systematically adapt to  the changing features 
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of the governing partial differential equations. The relative 
importance of retardation, advection, diffusion, and reac- 
tion is directly incorporated into the numerical methods 
by judicious choice of the test functions that appear in the 
weak form of the governing equation. Different ELLAM 
schemes for linear variablecoefficient advective-diffusive- 
reactive transport equations are developed based on dif- 
ferent operator splittings. Specific linearization techniques 
are discussed and are combined with the ELLAM schemes 
to  solve the nonlinear, multispecies transport equations, 
Hong Wang 
Department of Mathematics 
University of South Carolina, Columbia, S.C. 29208 
hwang@mat h . sc . edu 

Richard E. Ewing 
Institute for Scientific Computation 
Texas A&M University, College Station, TX 77843-3404 
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Michael A. Celia 
Water Resources Program 
Department of Civil Engineering and Operation Research 
Princeton University, Princeton, NJ 08544 

MS04 
Development of an ELLAM Simulator for Compo- 
sitional Flow 
A numerical compositional simulator is developed for mod- 
eling the enhanced oil recovery processes that generally 
involve a complex phase behavior. In the compositional 
model, a finite number of components are carefully se- 
lected to  represent the composition of the reservoir fluid, 
and the mass exchange between phases is characterized 
by the variation of the thermodynamics phase equilibrium 
states for the multi-components system. Thus, each com- 
ponent can appear in one, two or even three phases. The 
transport processes of the components in the multiphase 
fluid are generally advection-dominated. An implicit nu- 
merical scheme, the Eulerian-Lagrangian Localized Adjoint 
Method (ELLAM), is formulated to  solve each transport 
equations based on the sequential solution procedure. In 
the numerical experiments, this simulator is applied to  sim- 
ulate both two phase multi-component and three phase 
multi-component fluid flow problems occuring in the en- 
hanced oil recovery processes. The numerical results are 
compared with those obtained via other widely-used meth- 
ods in the industry such as upwind methods and high-order 
total variation diminishing (TVD) schemes, and shows the 
strong potential of the simulator. 
Guan Qin 
Upstream Strategic Research 
Mobil Technology Company 
Dallas, TX 75244-4390 

MS04 
Corrected Operator Split- 
ting for Nonlinear Advection-Diffusion Equations 
in Two Space Dimensions 
Operator splitting techniques for two-phase flow problems 
have been developed using the Modified Method of Char- 
acteristics (MMOC) combined with splitting the flux func- 
tion into an advective part and a residual anti-diffusive 
part. The residual term is grouped with diffusion so that 
correct balance between nonlinear advection and diffusion 

is obtained. The construction of the residual flux has been 
based on having a monotone solution of established shock 
type. Recently a corrected operator splitting technique 
has been developed to  account for nonmonotone data and 
fronts that are not established. This method is based on 
solving a hyperbolic conservation law using front tracking 
or other accurate methods. The residual flux-term is then 
constructed in a dynamical way, using the wavestructure 
of the hyperbolic solution. In the present work, a multidi- 
mensional generalisation of the corrected operator-splitting 
is given. The idea is to  solve the hyperbolic conservation 
laws along (approximate) streamlines using front tracking. 
This will define a residual flux term on each streamline. 
The information on the streamlines is then projected onto 
a regular Cartesian grid, on which the diffusion problem 
is solved. Numerical experiments for a two-dimensional 
problem will be presented. 
Hvistendahl Karlsen, Helge K. Dahle, and Johnny Fr0yen 
Department of Mathematics, University of Bergen 
N-5007 Bergen, Norway 
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Department of Mathematical Sciences 
Norwegian University of Science and Technology 
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Nils Henrik Risebro 
Department of Mathematics, University of Oslo 
P.O. Box 1053? Blindern, N-0316 Oslo, Norway 
reshd@mi.uib.no 

MS05 
Cosimulation Technique for Reservoir Characteri- 
zation 
This paper presents the new procedure that efficiently gen- 
erates consistent distributions of categorical lithofacies and 
continuous petrophysical propoerties-that is, porosity and 
permeability-using geostatistical methodology. The algo- 
rithm is built to eliminate the two-stage approach, where 
geological description is constructed first, and the petro- 
physical properties are described in the next step through 
a filtering process. In contrast, in our approach, each grid 
block is visited only once. Using the same search neigh- 
borhood, the geological facies are estimated first, followed 
by porosity and permeability values. The method accounts 
for correlations among these variables as well as the spatial 
relationships. This reduces the storage requirements and 
makes the process computationally efficient. This method 
was successfully validated using field data. The simulated 
geological descriptions matched very well with the geolo- 
gists’ interpretations. 
Asnul Bahar and Mohan Kelkar 
University of Tulsa 
Tulsa, OK 74104 

MS05 
The Geostatistical Toolkit: Putting Algorithms 
Into Practice Without Hitting Your Thumb 
The promise of integrated stochastic modeling through the 
application of geostatistical theory is increasingly being 
realized. A major driving force behind this accomplish- 
ment is accessibility to  more computing power. While the 
computer makes possible the generation of highly complex 
models, this cannot be accomplished without the practi- 
cal software implementation of appropriate geostatistical 
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algorithms. To develop software tools that are specifi- 
cally designed to  solve real world problems requires very 
close links among theorists, programmers, and practition- 
ers. The geostatistical toolkit needs to  be robust enough 
t o  handle the vast array of reservoir modeling problems 
which are dependent upon variable engineering objectives, 
geologic situations, and diversity of data. It is the creativ- 
ity of the developer to  design new tools to  address var- 
ious classes of problems, as well as the creativity of the 
software user in specific applications, that result in some 
of the most synergistic geoscientific problem solving today. 
This presentation discusses several examples of the synergy 
that can be accomplished through effective algorithm de- 
velopment and software implementation. These examples 
include: the integration of seismic time surfaces, well-log 
depth picks, and velocity information; conditioning of 3D 
models with 2D aggregate surfaces (e.g., average porosity); 
establishing the resolution scale of seismic data relative to 
other categorical information such as reservoir facies. 
William M. Bashore 
Reservoir Characterization Research and Consulting, Inc. 

MS05 
Geostatistical Analysis and Simulation of Petro- 
physical Data from Carbonate Outcrop 
For nearly ten years the Carbonate Reservoir Character- 
ization Research Laboratory at the Bureau of Economic 
Geology has been collecting petrophysical data from Per- 
mian and Cretaceous carbonate outcrops in West Texas 
and New Mexico. This data collection effort is part of a 
research program with the goal of advancing knowledge in 
the geological, petrophysical, geostatistical, and fluid flow 
aspects of this important class of hydrocarbon reservoir 
rocks. The outcrop sampling includes core plugs drilled 
along horizontal transects designed to reveal patterns of 
permeability heterogeneity within single lithological units 
that cannot be observed in vertical wells. In these hori- 
zontal transects we observe extreme variability and weak 
spatial correlations. At scales between one and one hun- 
dred feet the correlation structure can be modeled with 
a power-law using an exponent between 0.2 and 0.4, de- 
pending upon the outcrop. Thus, it is impossible to  iden- 
tify a single correlation "range"; there are correlations at 
all scales between one and one hundred feet. However, 
the strength of the correlation decays rapidly as the dis- 
tance increases, and the variance is concentrated at  small 
scales. Data collected at one inch spacing indicates that 
the power-law behavior continues below the one foot scale. 
The presentation will devote special attention to  a partic- 
ular horizontal transect that displays a subtle oscillatory 
behavior a t  scales larger than one hundred feet. A Monte 
Carlo study was conducted to  verify that the periodic be- 
havior is a real property of this outcrop, and not just a 
statistical accident associated with the finite number of 
samples. Some particular difficulties associated with mak- 
ing a stochastic simulation using an oscillatory covariance 
model will be discussed, and an FFT-based algorithm for 
efficient and accurate simulations will be described. 
James W. Jennings Jr. 
Bureau of Economic Geology 
University of Texas at  Austin 
Austin, TX 78758-4497 
Email: jenningsj@mail.utexas.edu 

MS05 
Non-Stationary Geostatistics: Integrating Geologic 
Trends 
Geostatistical methods for describing reservoir hetero- 
geneities have become increasingly popular over the past 
few years. While the technology has proven to  enhance 
traditional approaches, certain practical problems remain 
difficult to  overcome. One such problem is non-stationarity, 
the presence of a trend in the modeling variables. These 
trends are not simply mathematical, but are the manifesta- 
tions of the actual geology. They occur in many different 
types of depositional environments and are characterized 
by properties that show consistent horizontal and/or ver- 
tical change from one end of the reservoir to  the other, or 
from top to  bottom. The result of using stationary geo- 
statistics in nonstationary domains is the misrepresenta- 
tion of the key reservoir properties. Porous and permeable 
rock occusr where it should not, facies occur in proportions 
which are too large or small in various parts of the reser- 
voir, and fluid volume estimates and flow paths become 
unrealistic. One method for solving this problem is the use 
of Truncated Gaussian Simulation along with information 
which describes the vertical and horizontal changes in fa- 
cies proportions. Implementation of this technique is rela- 
tively simple, requiring sequence stratigraphic information 
along with a spatial model, or variogram. This presenta- 
tion discussions the use of the Truncated Gaussian Model 
to  describe a nonstationary petroleum reservoir. 
Jefrrey M. Yarus 
Geomath, INC. 
200 Westlake Park Blvd., Suite 1125 
Houston, TX 77079 

MS06 
Thermal-Hydrologic Response in the Saturated 
Zone to a Potential High-Level Radioactive Waste 
Repository at Yucca Mountain, Nevada 
A three-dimensional, site-scale model of coupled heat and 
groundwater flow in the saturated zone is used t o  investi- 
gate questions concerning the appropriate boundary con- 
ditions at the water table for use in unsaturated zone mod- 
eling and the magnitude, extent, and duration of thermal 
perturbations in the saturated zone. Heat transport in 
the unsaturated zone is approximated by conduction only. 
Simulations indicate that a significant thermal plume ex- 
tends at least five km downgradient of the repository and 
persists for well beyond 10,000 years. 
Bill W. Arnold 
Sandia National Laboratories, P.O. Box 5800, 1118-1326, 
Albuquerque NM 87185 
E-mail: bwarnol@nwer.sandia.gov 

MS06 
Three Dimensional Modeling of an In Situ Heater 
Test 
Three dimensional thermal-hydrological simulations were 
carried out to  model the single heater test in the Ex- 
ploratory Studies Facility at Yucca Mountain. The 5 m 
long horizontal heater is placed in the non-lithophysal 
welded unit of the Topopah Springs. Input parameters for 
the numerical model were based on the results of various 
ambient characterization of the heater test block. Vapor- 
ization and condensation from the thermal drive results 
in spatial and temporal evolution of the liquid saturation 
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in the rock matrix and fractures, which sensitively affects 
the air permeability values in the test block. Interference 
air injection tests were simulated t o  capture these drying 
and wetting thermal-hydrological behavior during different 
phases of the heater test. 
J. T. Birkholzer and Y.W.Tsang 

Earth Sciences Division 
E.O. Lawrence Berkeley National Laboratory 
1 Cyclotron Road, Berkeley, CA 94720 
Email:  jens-birkholzer@lbl.gov 

MS06 
Thermo-Hydrologic Modeling of the Potential 
Repository at Yucca Mountain Using a 3-D Site- 
Scale Unsaturated-Zone Model 
A 3-D model of a partially-saturated fractured porous 
medium is developed to  simulate the thermo-hydrologic re- 
sponse of a geologic system to  heat generated by emplaced 
high-level radioactive waste in a potential repository. Sim- 
ulations are performed using both homogeneous and het- 
erogeneous thermaI and hydrologic rock properties. Cou- 
pled heat and mass transport is assumed to  be governed by 
an equivalent continuum flow model. The simulations indi- 
cate that heat conduction, buoyant gas phase convection, 
and the transport of latent heat all affect the temperature 
and liquid saturation distributions in the system. Mass 
transfer occurs such that a condensate zone forms around 
a spatially and temporally variable dry-out region. 
Nicholas D. F’rancis, C.K. Ho, and B.W. Arnold 
Sandia National Laboratories 
P.O. Box 5800, MS-1326, Albuquerque NM 87185 
E-mail: ndfranc@nwer.sandia.gov 

S.Mishra, W.H. Statham, and H. Zhang 
INTERA 
6850 Austin Center BLVD. suite-300, Austin, TX 78731 

M. Bandurraga and Y.Wu 
Lawrence Berkeley National Laboratory 
1 Cyclotron Rd., MS:90-1116, Berkeley, CA 94720 

MS07 
Large Scale 3D Earthquake Simulations Using a 
Desktop Computer 
We describe a memory optimization procedure which al- 
lows large-scale 3D elastic finite-difference problems to 
be computed on a conventional, single-processor desktop 
workstation (eg., SUN Sparcstation). With this technique, 
model storage is accommodated using both external and 
internal memory. To reduce system overhead, a cascaded 
time update procedure is utilized to  maximize the number 
of computations performed between 1/0 operations. Using 
this technique, we have simulated the response of extremely 
large models (over 2 x lo7 grid points), with CPU run times 
on the order of a only few days. This formulation greatly 
expands the applicability of the 3D finite-difference tech- 
nique by providing an efficient and practical algorithm for 
implementation on commonly available workstation plat- 
forms. 
Robert W. Graves 
Woodward-Clvde Federal Services 
566 El Dorado St. 
Pasadena, CA 91101 
tel (818) 449-7650 / fax (818) 449-3536 

rwgrave00wcc.com 

MS08 
A Successful Example of Predictive Modeling of a 
Surfactant Remediation Field Test 
A field test at Hill Air Force Base to test surfactant 
enhanced aquifer remediation of a dense non-aqueous 
phase liquid (DNAPL) contaminated site was completed 
in September of 1996 by a team consisting of personnel 
from Intera, Radian and the University of Texas. Par- 
titioning interwell tracer tests were used to  estimate the 
volume of DNAPL in place and to  assess the performance 
of the surfactant remediation. The DNAPL at this site 
consists of a mixture of several chlorinated solvents typical 
of such waste sites at both federal and private sites. An 
extensive program of laboratory experimentation, hydroge- 
ological characterization, effluent treatment and predictive 
modeling were critical in the design of these tests and the 
success of the project. Approximately 99test volume of 
14,000 gallons was recovered by this extremely successful 
surfactant remediation test. This presentation will focus 
on how modeling was used to  design and predict the per- 
formance of this field test and what was found to  be the 
most important variables. The model used for these stud- 
ies was the University of Texas chemical flooding simulator 
(UTCHEM), which is a three-dimensional, compositional, 
multicomponent, multiphase flow and transport simulator 
that can be used to  model both solubilization and mo- 
bilization mechanisms. Modeling was used to  study the 
well pattern, hydraulic control of the flood, injection and 
extraction rates, location and frequency of the sampling 
points, amount of surfactant injected, composition of the 
surfactant solution and the amount and composition of the 
tracer solutions injected. Modeling was also used to  eval- 
uate the impact and importance of aquifer heterogeneity, 
interfacial tension, capillary number, fluid viscosities, sur- 
factant adsorption, gravity, dispersion and other variables 
affecting the performance and duration of the process. This 
modeling aided in the understanding of the aquifer char- 
acteristics, the robustness of the remediation design, the 
assessment of problems and risks, the planning of the field 
operations including the Radian surface treatment facili- 
ties and as a guide to  future research. Model predictions 
of this field test were remarkably accurate. This study has 
now established the validity and usefulness of designing 
surfactant remediation field operations to  remove DNAPL 
from sandy aquifers and establishes a systematic approach 
to  the design of similar projects. LFuture hallenges remain 
to extend this capability to  other geological environments, 
full scale operations, and process innovations such as the 
use of foam for mobility control. More efficient algorithms 
are needed to  affordably model full scale projects. 
Gary A. Pope, D. C. McKinney, M. Delshad and C. L. 
Brown 
University of Texas at Austin 
CPE 2.502, Austin, TX 78712 
E-mail: Gary-Pope@pe.utexas.edu 

MS08 
Computational Analysis of In-Situ Groundwater 
Contaminant Destruction based upon Thermally 
Enhanced Oxidation and Bioaugmentation Tech- 
nologies 
We report here on the use of numerical simulation to  pre- 
dict the viability Land performance of two in-situ tech- 
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nologies for the destruction of Trichloroethlyene (TCE)- 
contaminated groundwater. Both of these technologies 
are being considered for use in an accelerated program 
of groundwater remediation at Lawrence Livermore Na- 
tional Laboratory (LLNL). Thermally enhanced oxidation 
of aqueous TCE occurs at elevated temperatures in the 
presence of sufficient oxygen. To implement this concept 
in the field, it has been proposed to  cyclically inject steam 
(possibly mixed with oxygen) into a contaminated zone in 
the subsurface and allow the steam zone to collapse. LThe 
bioaugmentation technology involves injection of resting 
state j(non-dividing) bacteria into the subsurface and their 
subsequent attachment to  j the soil. This creates an in-situ 
biof ikr  through which contaminated igroundwater may 
flow and TCE may be destroyed. Simulations have been 
used to LgaWe the efficacy of these technologioes and mea- 
sure their overall efficiency junder conditions expected in 
the subsurface at LLNL. 
Andrew F. B. Tompson, Charles R. Carrigan, 
John J. Nitao, Kenneth J. Jackson, and Kevin G. Knauss 
Geoscienses and Environmental Technologies 
Division, L-206 
Lawrence Livermore National Laboratory 
Livermore, CA 94551 

action with iron minerals is addressed from the perspec- 
tives of mobility and remediation. 
Steve Yabusaki and Ashok Chilabpati 
Pacific Northwest National Laboratory 
Richland, WA 99352 
sb~yabusaki@ccmail,pnl~gov 

MS09 
Evaluation of 2-D Drift-Scale Thermohydrolow 
Abstractions for Total 
System Performance at Yucca Mountain 
Performance Assessment of the potential high level ra- 
dioactive waste repository site at Yucca Mountain requires 
numerous process level simulations due to the hetero- 
geneity of the material properties and the uncertainty in 
the boundary conditions. Thermohydrologic process level 
models are run many times in 2-D so that the predicted 
ranges of uncertainties Can be completely bounded. The 
results from these simulations are used to develop multidi- 
mensional response surfaces for waste package temperature 
and relative humidity as a function of time and infiltration 
rate, taking into account the effects of rock and backfill 
property uncertainty. 
Bryan E. Dunlap 

1261 R w ~  Center Drive, Las VegaS, NV 89134 
E-mail: dunlapQhpw3 .ymp.gov 

MS08 INTERA/CRWMS M&O, 
Redox Stability: Numerical and Applied Aspects 
Redox conditions present an important aspect of chem- 
ical heterogeneity that affects transport of contaminants 
and remediation design. However, the large concentration 
ranges and mineral dissolution/precipitation resulting from 
redox problems can challenge the accuracy and stability of 
numerical methods. We evaluated several options for incor- 
porating redox in PARSim, a Parallel Aquifer and Reser- 
voir Simulator, and selected the whole-cell method along 
with a minimization of energy. The code was then tested 
on two applications. 
Laura Toran 
Oak Ridge National Laboratory 
Oak Ridge, TN 
E-mail: Ito@pluto.esd.ornl.gov 

Steve Byrant 
University of Texas 
Austin, TX 

Fredrik Saaf 
Rice University experiment. 
Houston, TX Nicholas D. Francis 

Mary Wheeler Albuquerque, NM 87185 
University of Texas Email: ndfranc@nwer.sandia.gov 
Austin, TX S.R. Sobolik 

hfS09 
Thermo-HYdrologic Modeling of the Single Heater 
Test at the ExPloratorY Studies Facility, Yucca 
Mountain, Nevada 
A 3-D model of a partially-saturated fractured porous 
medium is developed to  simulate the thermo-hydrologic 
response of a geologic system to a thermal perturbation 
created by the placement of a heater directly into rock. 
The model employs site specific thermal and hydrologic 
properties. It is assumed that rock properties are homoge- 
neous. Coupled heat and mass transport are assumed to 
be governed by an equivalent continuum flow model. The 
model simulations indicate distinct heat transfer mecha- 
nisms driven by the transport properties used to  model gas- 
phase flow in the rock fracture continuum. Model tempera- 
ture distributions are compared directly to  in situ temper- 
ature measurements made periodically during the heater 

Sandia National Laboratories, P.O. Box 5800, MS-1326, 

Sandia National Laboratories, P.O. Box 5800, MS-1325, 
Albuquerque, NM 87185 

MS08 
Reactive Transport Science: Mechanistic Process 
Modeling and Engineering Analysis 
Advances in computing performance have increased the de- 
tail and complexity of our understanding of coupled sub- 
surface processes through the use of mathematical models. 
We describe how models of coupled flow, transport, and 
reactions are used to  design and assess fundamental sci- 
ence studies, characterization of field behavior, engineer- 
ing scale-up experiments, and implementation of field scale 
technologies. In particular, the issue of contaminant inter- 

MS09 
The Impact of Radioactive Decay Heat on the 
Transport of Radionuclides in the Unsaturated 
Zone at Yucca Mountain 
Thermohydrologic behavior in the presence of decay heat 
affects the mobilization and transport of key radionuclides 
such as Np-237 and Tc-99. Radionuclide release rate, as 
well as speciation and sorption, are impacted by waste heat 
for a period of up to  1OOky. Water contents of the ze- 
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olitic rocks below the potential repository are also strongly 
temperature-dependent. Nonetheless, these calculations 
may be used to  justify approximate predictions using sim- 
pler isothermal flow and transport models. 
Bruce A. Robinson 
Los Alamos National Laboratory, Mail Stop F665, 
Los Alamos NM 87545 
E-mail: robinson@vega.lanl.gov 

MSlO 
Unconfined Flow in Heterogeneous Media: The 
Dupuit Approximation vs. the Phreatic Boundary 
Condition 
Unconfined Flow in Aquifers is rigorously modeled us- 
ing the Phreatic Boundary Condition (Bear, 1972). The 
phreatic condition is rarely implemented in computer mod- 
els due to  inherent non-linearities which are especially se- 
vere in heterogeneous aquifers. The Dupuit Approximation 
is a widely implemented alternative. The approximation is 
valid for water-tables whose slope is "small" and aquifers 
which have "modest" anisotropy. This study compares pre- 
dicted positions of the water-table and predicted fluxes for 
a variety of model problems of varying difficulty and real- 
ism using two codes, MODFLOW (Dupuit Approximation) 
and SECOFL3D (Phreatic condition), to  quantitatively de- 
termine when the approximation is satisfactory and when 
it is not. Code robustness issues arise naturally and are 
also considered. 
Patrick M. K n u m  and Dale Rucker 
Ecodynamics Research Associates 
P.O. Box 9229 
Albuquerque, NM 87119 
pknupp@math.unm.edu 

Thomas F. Corbet 
Sandia National Laboratory 
Geohydrology Department 
MS 1324, P.O. Box 5800 
Albuquerque, NM 87185-1324 

MSlO 
Second Order Methods For Geologic Materials Us- 
ing Adaptive Gridding to Minimize Heterogeneity 
Finite element and finite difference methods generally are 
only first order convergent for porous media flow problems 
with discontinuous coefficents. Higher rates of convergence 
can be achieved if the discontinuity is located at special 
points such as the boundary between elements. Adaptive 
grids and a modified mixed finite element method can mit- 
igate the effects of geologic materials on the convergence 
rate. This approach is demonstrated on on a porous media 
problem involving fractured volcanic tuff. 
Thomas H. Robey 
Khoral Research, Inc. 
6001 Indian School Rd. N.E., Suite 200 
Albuquerque NM 87110-4139 
trobey@khoral.com 

MSlO 
Support Operator Discretizations of Flow Prob- 
lems in Heterogenous and Non-Isotropic Media 
The method of support operators, which is closely related 
to  the finite-volume method, is used to  construct finite- 

difference algorithms for diffusion problems with strongly 
heterogeneous and non-isotropic media. The current ef- 
fort is directed to  constructing methods for logically- 
rectangular grids which can be highly distorted. This con- 
struction leads to a natural generalization of the harmonic 
averaging commonly used for discontinuous material prop- 
erties in simple rectangular grids. 
Stanly Steinberg 
Department of Mathematics 
University of New Mexico 
Albuquerque NM 87131 
stanly@math.unm.edu 

James Hyman 
MS-B258, Center for Nonlinear Studies 
Los Alamos National Laboratory 
Los Alamos NM 87545 

Misha Shashkov 

Los Alamos National Laboratory 
Los Alamos NM 87545 

T-7 MS-B284 

MSll  
Error Estimation and Grid Adaption for Variable 
Density Flows 
A general theory of a posteriori error estimation for finite 
element or finite volume discretizations of initial-boundary- 
value problems for nonlinear systems of partial differential 
equations is outlined. Special emphasis is given to the ques- 
tion of error control both in space and in time. Theoretical 
and numerical applications to problems modelling a den- 
sity driven flow within a porous medium are presented. 
Lutz Angermann 
Institute for Applied Mathematics 
Universitaet Erlangen-Nuernberg 
D-91058 Erlangen, Germany 
ang@am.uni-erlangen.de 

MSll  
Finite Volume Discretization of Variable Density 
Flows 
The computational simulations of density driven subsur- 
face flows are very sensitive to  the proper choice of numer- 
ical discretization where the complex nature of the prob- 
lem must be not forgotten to exclude the presence of ar- 
tificial velocities and nonphysical oscillations of numerical 
solution. The lecture will review these issues common for 
every type of discretization for density variable flows (con- 
sistent velocity approximation, upwinding techniques for 
convection dominated flow regimes, treatment of strong 
nonlinearities and coupling of flow and transport, influence 
of complex 3D geological domains) and will introduce the 
basic comparison of different finite volume schemes. The 
representative numerical experiments will be included. 
Peter FrolkoviC 
Institut fuer Angewandte Mathematik I 
Universitaet Erlangen-Nuernberg D-91058 Erlangen, Ger- 
many 
frolkovi@am.uni-erlangen.de 

MSll  
The Modelling of Variable Density Flows in Het- 
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erogeneous Porous Media 
The flow of density dependent fluid can be described by the 
equations &(w) + a z ( p q z )  = Q and &(vpc) + L4(pcqz) + 
at(pDa,c) = QE. With some conditions on 77 and p this 
two mass conservation laws imply a volume conservation 
law &Q + t9& = &,$a,c. (pD&c) + Q with volume av- 
eraged velocity ij. This equation is useful in formulating 
boundary and initial conditions consistently. 
Additionally the laws for the convective velocity q and the 
dispersion coefficient have to be reviewed, especially in het- 
erogeneous media. The latter was examined in case of un- 
stable density layering in stochastical aquifers with com- 
parable lengthscales of fingers and heterogeneity. 
Carsten Schwarz, Sascha Oswald, and Wolfgang Kinzel- 
bach 
Institut fur Hydromechanik und Wasserwirtschaft 
Eidgenossische Technische Hochschule Zurich, CH 
8093 
Zurich, Switzerland E-mail: schwarz@ihw.baum.ethz.ch, 
oswald@@ihw.baum.ethz.ch, kin@ihw.baum.ethz.ch 

MS12 
A New Eulerian-Lagrangian Numerical Met hod for  
Transport Dominated Diffusion Processes 
We present a new, naturally parallelizable, accurate nu- 
merical method for the solution of transport-dominated 
diffusion processes in heterogeneous porous media. For the 
discretization in time of one of the governing partial differ- 
ential equations, we introduce a new characteristics-based 
procedure which is mass conservative, the modified method 
of characteristics with adjusted advection (MMOCAA) .  
We consider as a model problem the two-phase immiscible 
displacement in petroleum reservoirs. 
Jim Douglas, Jr. 
Department of Mathematics, Purdue University, West 
Lafayette, IN 47907 

Frederico Furtado 
Department of Mathematics, University of Campinas, 
13081-970 Campinas, SP, Brazil and 
Department of Mathematics, University of Wyoming, 
Laramie, WY, 82071-3036 
Felipe Pereira 
Laboratbrio Nacional de Computacdo Cientifica, Rio de 
Janeiro, Brazil 

MS12 
A Numerical Study of Two-phase Immiscible Flow 
in Random Porous M e d i a  
An analysis, through high resolution numerical simula- 
tions, of instabilities (viscous fingering) in water-oil fronts 
in heterogeneous porous media that leads to  the charac- 
terization of the statistical behavior of the relative area 
occupied by fingers, which we call the mixing region, is 
presented. Physically typical heterogeneity strengths and 
viscosity ratios are considered and an exponent y describ- 
ing the scaling behavior (for large time) of the mixing re- 
gion is determined under certain circunstances. 
Jim Douglas, Jr. 
Department of Mathematics 
Purdue University, West Lafayette, IN 47907 

Frederico Furtado 
Department of Mathematics, University of Campinas, 

13081-970 Campinas, SP, Brazil and 
Department of Mathematics, University of Wyoming, 
Laramie, WY, 82071-3036 
Felipe Pereira 
Laboratbrio Nacional de ComputaGFio 
Cientifica, Rio de Janeiro, Brazil 

MS12 
Monte Carlo Simulat ion of Radioactive Contami- 
n a n t  Transport in the Geologic M e d i a  Near Yucca 
Mounta in ,  Nevada 
The geologic media near the Yucca mountain site consist 
of an irregular network of fractures. Numerical simula- 
tion of flow and transport in such media poses a number 
of challenging problems due mainly to  the heterogeneities 
and disorder in the media. In addition, because of differ- 
ent dominant transport mechanisms in different regions of 
the media, investigations need to  be carried out at different 
time-scales. We develop a field-scale network model of frac- 
tures and study transport of radionuclides through geologic 
media as a function of disorder and correlated fracture- 
permeabilities. 
Sumit Mukhopadhyay and John H. Cushman 
Center for Applied Mathematics 
1395 Mathematical Sciences Building 
Purdue University 
West Lafayette, IN 47907-1395 
E-mail: sumit@MATH.Purdue.EDU 

MS12 
Paral le l  Numerical Simulat ion of Two-Phase Flow 
in  Natural ly-Fractured Reservoirs 
A parallel, semi-implicit numerical method is proposed for 
the study of naturally-fractured reservoir systems. It has 
proved to  be computationally efficient in producing accu- 
rate numerical solutions for a dual-porosity model for im- 
miscible, two-phase flow in such reservoirs. The method 
combines hybridized mixed finite elements, a new version of 
the modified method of characteristics, and sophisticated 
operator-splitting procedures. 
Jim Douglas, Jr. 
Department of Mathematics 
Purdue University, West Lafayette, IN 47907 

Felipe Pereira 
Laboratbrio Nacional de Computacdo 
Cientifica, Rio de Janeiro, Brazil 

Li-Ming Yeh 
Department of Applied Mathematics 
National Chiao-%& University 
Hsinchu, Taiwan, R.O.C. 

MS13 
Two Modes of Inference 
The conflict between Bayesians and frequentists has been 
going on for two centuries. (The Reverend Thomas Bayes 
published his paper, posthumously, in 1764.) This talk will 
review some of the main arguments. 
David Freedman 
Department of St at ist ics 
University of California, Berkeley 
Berkeley, CA 94720 
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MS13 
Complex a Priori Information in Inverse Problems 
Recent advances in the analysis of highly nonlinear inverse 
problems are based on Monte Carlo methods that perform 
an importance sampling of the posterior probability den- 
sity in the model space. Monte Carlo methods open the 
possibility of introducing prior information into the solu- 
tion of inverse problems, even in cases where the prior in- 
formation is so complex that it cannot (easily) be treated 
analytically. Hard and soft prior constraints of consider- 
able complexity may arise in cases where our level of ambi- 
tion is high concerning the introduction of realistic physical 
or geological information. Two examples illustrate how a 
Bayesian Monte Carlo analysis can cope with complex pri- 
ors. The first example is on the mapping of fluid flow at 
The Earth’s core-mantle boundary using the measured geo- 
magnetic field and its time derivative. The second example 
is on the determination of elastic parameters of The Earth 
from seismic data. 
Klaus Mosenaard 
Department of Geophysics 
Niels Bohr Institute for Astronomy, Physics and Geo- 
physics 
University of Copenhagen 
Juliane Maries Vej 30 
2100 Copenhagen Oe, Denmark 
E-mail: klaus@gfy.ku.dk 

MS13 
Does God Play Dice with the Earth? (and if so, 
are they loaded?) 
I shall discuss the connection between Bayesian and mini- 
max estimation, and the impossibility of incorporating cer- 
tain kinds of prior physical constraints using prior proba- 
bility distributions without inadvertantly injecting addi- 
tional ”information.” I shall try to  illuminate the distinc- 
tion between ”uninformative” and ”least favorable” priors, 
to  illustrate that ”uninformative” priors typically contain 
a great deal of information, which can artificially shrink 
the inferred uncertainty of scientific results. 
Philip B. Stark 
Department of Statistics 
University of California 
Berkeley, CA 94720-3860 
stark@stat . berkeley.edu 

MS13 
Probability Theory: Why People Don’t Under- 
stand? 
Probability theory is in a pitiful state: even the most ba- 
sic notions are not understood. Examples of too frequent 
mistakes are i) wrong computation of average values, ii) 
senseless use of “maximum likelihood” estimators, iii) in- 
tegrations using wrong volume elements, etc. These would 
not be crucial if they were not accompanied by more serious 
misunderstandings. For instance, the Borel-Kolmogoroff 
paradox arises when carelessly using the definition of con- 
ditional probability density. The resolution of the para- 
dox forces to  abandon the Bayes paradigm: the parameter 
spaces used when solving infererence problems in physics 
have some invariance requirements that can not be fulfilled 
if the starting point is the Bayes theorem. But the for- 
malism of probability theory accepts, as any mathematical 
formalism, diverse interpretations, and side by side with 

the “statistical” interpretation of the formalism, there is 
the “Bayesian” interpretation, the only capable to  address 
inference problems like those arising in the solution of “in- 
verse problems”. A new basis for the rebuilding of the 
theory of physical inference can be set down. This requires 
a careful reexamination of the notions of physical quantity, 
physical law, noninformative probability distribution, etc. 
I have not yet arrived to  the state where I must ask who 
are we, or where do we go.. . 
Albert Tarantola 
Institut de Physique clu Globe de Paris 
4, place Jussieu, F-75005 Paris, France 
E-mail: tarantola@ipgp.jussieu.fr 

MS14 
A Massively Parallel Computer for the Elastic 
Wave Equation 
The elastic wave equation is mappable into an application 
specific computation engine. This massively parallel com- 
puter is linearly scalable in the number of processors and is 
an order of magnitude more complex than previous acous- 
tic designs. This presentation outlines the finite difference 
representation, the method of treating the boundaries, and 
source functions as part of a hardware engine. 
Phil Bordinq 
Institute for Geophysics 
University of Texas at Austin 
8701 N. MoPac Exp., Austin, TX 78759-8397 
Email: bording@utig.ig.utexas.edu 

MS14 
Backround Velocity Estimation for Prestack Mi- 
gration and AVO 
Estimation of background velocity distribution in the sub- 
surface for migration and AVO analysis is one of most chal- 
lenging problems in exploration seismics. We have devel- 
oped automated methods for velocity analysis that do not 
require manual picking of reflectors or coherency interpre- 
tation. The method is applied succesfully to  1D and 2D 
problems in which the subsurface is parameterized with 
blocks or splines or arc tangent functions. The extension 
of the method to  3D is computationally challenging, but it 
can be easily extended to include transverse isotropy. 
Mrinal Sen and Paul Stoffa 
University of Texas, Austin 
Austin, TX 78759 
E-mail: mrinal@utig.ig.utexas.edu 

MS15 
The Relative Roles of Heterogeneity and Nonlin- 
earity in the Scale-up Problem 
Scale-up is the determination of coarse grid reservoir prop- 
erties which effectively reproduce the average solution be- 
havior resulting from a finely gridded geological descrip- 
tion. Scale-up greatly increases simulation efficiency. It 
is essential for the practical evaluation of ensemble aver- 
ages. Scale-up averages over small length scale solution 
features, caused principally by geological heterogeneities 
and by equation nonlinearities. These two mechanicisms 
interact and positively reinforce each other’s effect, as will 
be discussed in this presentation. 
James Glimm and Lianjun An 
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State University of New York at Stony Brook 
Stony Brook, NY 11974-3600 
Email: glimm@ams.sunysb.edu 

MS15 
Upscaling Reservoir Heterogeneities for Flow Sim- 
ulat ion 
All hydrocarbon reservoirs (as well as groundwater 
aquifers) are highly heterogeneous with heterogeneities on 
a very wide range of length scales from centimetres to  
kilometres. Modern mathematical tools exist that can de- 
scribe these heterogeneities in great detail (10-100 million 
grid blocks). However, flow simulation (required to  predict 
where the fluids will go) can only practically be done at a 
relatively coarse scale (say 10-100 thousand grid blocks). 
Upscaling is the process of coarsening the grid. In this talk 
a number of the methods used to  to  this will be reviewed 
with an emphasis on the hierarchical approach know as 
renormalisation adopted from statistical physics. 
P. R. King 
BP Exploration 
Chertsey Road, Sunbury-on-Thames, 
Middx., TW16 7LN, United Kingdom 

MS15 
Scale up of Heterogeneous Three-Dimensional 
Porous Media: Fractals, Renormalization Group 
Transformations, and Wavelets 
Simulation of fluid flow and transport in field-scale porous 
requires assigning effective properties to  grid blocks that 
represent various regions of the media. Predictive sim- 
ulations which take into account the spatial correlations 
and anisotropies of porous media require estimating meth- 
ods. Ample evidence also indicates that  the porosity logs 
and permeability distributions of many field-scale porous 
media obey fractal statistics, giving rise to  long-range cor- 
relations at several length scales. However, use of very 
detailed models of such porous media in computer simu- 
lations is presently not feasible, as they require very large 
computer memory and intense computations. Thus, one 
needs to  have a method for the scale up of highly detailed 
heterogeneous porous media to  coarser scales, which has 
to  be flexible enough to  preserve the most important fea- 
tures of the porous media, and can coarsen efficiently the 
relatively homogeneous regions of the media. In this talk 
we discuss 3 different methods for the scale up of heteroge- 
neous porous media. One is based on the renormalization 
group transformations. The second method is based on 
non-uniform homogenization that can capture the fine de- 
tails of the important regions of the porous media. The last 
method is based on wavelet transformation of the hetero- 
geneities fields and coarsening the transformed fields based 
on the wavelet-detailed coefficients. The advantages and 
disadvantages of the three methods are discussed through 
illustrative examples. 
Muhammad Sahimi 
Department of Chemical Engineering 
University of Southern California 
Los Angeles, CA 90089-1211 
E-mail: moe@iran.usc.edu 

MS15 
Multilength Scale Theories for Scale-up Problem 

and Renormalized Perturbation Expansion 
We develop a renormalized perturbation expansion method 
for tracer particles driven by a gaussian random velocity 
field and show that the effective dispersivity has very com- 
plicated structures. We further develop a multi-length- 
scale theory which gives analytical predictions for the ef- 
fective diffusion coefficient and for the size of the mixing 
region. The quantitative predictions of the theory are in 
excellent agreement with the results from full numerical 
simulations with no fitting parameters. 
Qiang Zhang 
Department of Applied Mathematics and Statistics 
State University of New York at Stony Brook 
Stony Brook, NY 119743600 
E-mail: zhang@ams.sunysb.edu 

MSl6 
Characterization of Traveling Waves and Ana- 
lytical Estimation of Pollutant Removal in One- 
Dimensional Subsurface Bioremediation Modeling 
We study the transport behavior and the degradation 
characteristics of solutes for a one-dimensional subsurface 
bioremediation model in which an adsorbed organic pol- 
lutant is degraded by indigenous microorganisms in the 
presence of an injected electron acceptor. The solute fronts 
behave as traveling waves; this leads t o  a simple theoretical 
derivation of a long-term pollutant degradation rate. The 
analytical rates are consistent with numerical results. 
S. Oya and A. J. Valocchi 
Hydrosystems Laboratory, MC-250 
Department of Civil Engineering 
University of Illinois at Urbana-Champaign 
Urbana, Illinois 61801 
valocchi@uiuc.edu 

MS16 
Modeling Intrinsic Bioremediation in Groundwater 
SEAM3D is a recently developed numerical solute trans- 
port code designed as a tool evaluate natural bioreme- 
diation of contaminants in groundwater and the efficacy 
of engineered bioremediation systems. A unique feature 
is the incorporation of sequential electron acceptor-based 
biodegradation couple to  three-dimensional solute trans- 
port of multiple hydrocarbon contaminants, electron accep- 
tors, by-products, and endproducts. Transport and elec- 
tron acceptor-limited biodegradation and/or biotransfor- 
mations are simulated through a system of coupled, par- 
tial differential equations. Aerobic biodegradation of hy- 
drocarbon compounds is subject to availability of oxygen 
whereas anaerobic biodegradation is a function of dissolved 
oxygen (inhibitor), nitrate, ferric iron, and/or sulfate con- 
centrations. Methanogenesis may occur locally within the 
model domain in the absence of other electron acceptors. 
SEAM3D is applicable to  petroleum hydrocarbon spills 
but can also be applied to  chlorinated solvent plumes in 
groundwater. 
Mark A. Widdowson 
Department of Civil Engineering 
Virginia Polytechnic Institute and State University 
Blacksburg, VA 24061-0150 
E-mail: mwiddows@vt .edu 
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MS16 
Existence and Stability of Traveling Waves in a 
Biodegradation Model for Organic Contaminants 
We study a biodegradation model for the time evolution of 
concentrations of contaminant, nutrient and bacteria. The 
bacteria has a natural concentration which will increase 
when the nutrient reaches the substrate (contaminant). 
The growth utilizes nutrients and degrades the substrate. 
Eventually, such a process removes all the substrate, and 
can be described by traveling wave solutions. The model 
consists of advection-reaction-diffusion equations for the 
substrate and nutrient concentrations, and a rate equa- 
tion (ODE) for the bacteria concentration. We first show 
the existence of approximate traveling wave solutions to  
an elliptically regularized system posed on a finite domain 
using degree theory and the elliptic maximum principle. 
To prove that the approximate solutions do not converge 
to  trivial solutions, we construct comparison functions for 
each component, and employ integral identities of the gov- 
erning equations. This way. we derive a-priori estimates 
of solutions independent of the length of the finite domain 
and the regularization parameter. The integral identities 
take advantage of the forms of coupling in the system, and 
help us obtain optimal bounds on the traveling wave speed. 
We then extend the domain to  the infinite line limit, re- 
move the regularization, and construct a traveling wave 
solution for the original set of equations satisfying the pre- 
scribed boundary conditions at spatial infinities. The con- 
taminant and nutrient profiles of the traveling waves are 
strictly monotone functions, while the biomass profile has 
a pulse shape. We also discuss stability properties of these 
traveling waves based on analysis and numerical simula- 
tions. 

George P. Karatzas 
Department of Civil and Environmental Engineering 

R. Murray and J. X. Xin 
Program in Applied Mathematics 
Department of Mathematics 
University of Arizona 
Tucson, AZ 85721, U.S.A. 

MS17 
An Efective procedure to Incorporate Uncer- 
tainty into Subsurface Remediation Models Using 
a Multi-scenario Approach 
One of the latest developments dealing with noisy or incom- 
plete data in mathematical programming is the robust op- 
timization approach. This approach is based on a scenario- 
based description of the data and yields a solution that is 
less sensitive to  realizations of the data of the different sce- 
narios. The objective function considers the violations of 
the constraints under each scenario and incorporates that 
into the formulation by using a kind of penalty ‘weights’. In 
the area of groundwater management the robust optimiza- 
tion approach has been used to  incorporate uncertainty 
into the model by considering a multiple scenario descrip- 
tion of the hydraulic conductivity field. The focus of the 
present study is to  determine an effective methodology for 
selecting the scenarios as well as the ‘weights’ in the most 
effective manner. 

and Research Center for Groundwater Remediation Design 
University of Vermont, Burlington, VT, 0540 
E-mail: karatzas@emba.uvm.edu 

MS17 
Coupling Risk and Cost in a Multi-Objective 
Framework for Optimizing Remediation Design 
Single-objective, simulation/optimization (S/O) models 
have been used to optimize groundwater remediation 
strategies. Implementation of risk-based cleanup goals into 
an S/O framework results in a multiple objective optimiza- 
tion problem. In this work, several multi-objective schemes 
are developed and tested for the design of pump-and-treat 
remediation with the objectives of minimizing cost and 
risk. The optimal solution is found to  depend on the choice 
of multi-objective scheme. A variant of the genetic algo- 
rithm is used to  locate portions of the risk-cost tradeoff 
curve that are most sensitive to  changes in the objective 
function variables. 
Alex S. Mayer 
DeDartment of Geological Engineering and Sciences - 
Michigan Technological University 
1400 Townsend Dr., Houghton, MI 49931 
E-mail: asmayer@mtu.edu 

MS17 
Optimal Design of a Groundwater Remediation 
System at LLNL using Simulated Annealing and 
Outer Approximation 
Two optimization methods, simulated annealing and outer 
approximation, are used in sequential fashion to  obtain 
(nearly) optimal remediation designs for a groundwater 
contamination problem. Rizzo and Dougherty (1996) pre- 
sented a method for choosing which well locations are 
pumped (or not pumped) as a function of time, applying 
the technique to Lawrence Livermore National Laboratory 
(LLNL). Although simulated annealing could be used to  se- 
lect pumping rates at wells, the resulting combinatorial op- 
timization problem would be computationally huge. As an 
alternative, simulated annealing and outer approximation 
are used in a two-phase optimization. Simulated annealing 
performs optimal well placement and obtains an operating 
schedule for an on-or-off pumping strategy. The results 
provide an initial configuration that is modified by the 
outer approximation method (Karatzas and Pinder, 1996) 
to  select the optimal pumping rates. The talk will discuss 
results from the LLNL site, issues related to cost functions, 
and the enforcement of constraints. 
Donna M. Rizzo and George P. Karatzas 
Department of Civil & Environmental Engineering 
University of Vermont, Burlington, VT 05405 
drizzo@emba.uvm.edu, ddougher@emba.uvm.edu 

MS18 
Control-Volume Mixed Finite Element Methods 
for Subsurface Flow Equations 
Accurate determination of flow velocities in highly hetero- 
geneous porous media is difficult for standard numerical 
methods. Irregular geological features, which suggest the 
use of irregular grids, and variable directions of anisotropy 
add to  the challenge. A variant of the lowest-order Raviart- 
Thomas mixed method is presented for general logically 
rectangular grids (2D quadrilaterals, 3D hexalaterals). The 
Darcy equation is enforced on a cell-sized “tank” (con- 
trol volume) around each degree of freedom of the velocity 
(edge in 2D, face in 3D). The resulting discrete equations 
are simple, easy to  implement, and involve only cell pres- 
sures and edge or face fluxes (integrated normal velocities). 
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Numerical tests in 2D show second-order convergence of 
the edge fluxes whenever the exact solution is not singular. 

Thomas F. Russell 
University of Colorado at Denver, Denver, CO 

Zhiqiang Cai 
Purdue University, West Lafayette, IN 

Jim E. Jones 
ICASE, Hampton, VA 

Stephen F. McCormick 
University of Colorado at Boulder, Boulder, CO 

Thomas F. Russell 
University of Colorado at Denver, Denver, CO 

MS18 
Mixed Finite Element Methods for Flow in Multi- 
block Domains w i t h  Non-Matching G r i d s  
In this talk we consider mixed finite element methods for 
flow in irregular, multiblock domains with non-matching 
grids. Each block is covered by a logically rectangular 
grid. A single lower dimensional grid is also defined to  
cover the non-matching interfaces. On this grid, a mortar 
finite element space is introduced in which the trace of the 
pressure is approximated. The continuity of flux condition 
is imposed weakly, using this mortar space. Optimal or- 
der convergence and superconvergence at certain discrete 
points is obtained for both the pressure and the velocity ap- 
proximations. An efficient parallel domain decomposition 
algorithm is used to  solve the resulting discrete system. 
Computational results are presented in confirmation of the 
theory. Applications to  flow in porous media on domains 
with faults and local grid refinement around wells are also 
presented. 
Ivan Yotov, Todd Arbogast, and Mary F. Wheeler 
Center for Subsurface Modeling 
Texas Institute for Computational and Apllied Mathemat- 
ics 
University of Texas at Austin, Austin, TX 78712 
Email:  yotov@ticam.utexas.edu, 
arbogast@ticam.utexas.edu 
and mfw@ticam.utexas.edu 

MS19 
Noteworthy Features of the World Ocean Circula- 
tion Seen in Mult i layer  Model Simulations 
Ocean circulation models fall into two classes: level models 
that solve the pertinent equations on a fixed 3-dimensional 
grid, and layer models that allow grid points to  be carried 
up and down by the moving fluid. Layer models have cer- 
tain truncation properties that make them attractive for 
long-term climate simulations, but they are more compli- 
cated to build than level models. Fine-mesh layer model re- 
sults are presented showing the 3-dimensional global ocean 
circulation as it evolves over time in response to  atmo- 
spheric wind, moisture, and heat input. By using a mas- 
sively parallel supercomputer for this simulation, we were 
able t o  reduce the horizontal mesh size below the threshold 
where hydrodynamic instabilities of ocean currents show 
up in the numerical solutions; these instabilities give rise 
to  current meanders and eddies that compare favorably to 
observations. Given the intended use of this model in cou- 

pled ocean-atmosphere simulations, the thermohaline cir- 
culation - the global overturning motion driven by heat 
exchange with the atmosphere as well as precipitation and 
evaporation - is analyzed in considerable detail. Results 
are compared to  results obtained with a far more econom- 
ical, coarse-mesh version of the same model. 
Rainer Bleck 
Rosenstiel School of Marine and Atmospheric Science 
University of Miami, Miami, FL 
E-mail: rbleckQrsmas.miami.edu 

Sumner H. Dean 
Los Alamos National Laboratory 
Los Alamos, NM 

MS19 
The Effect of a Viscous Boundary Layer on Differ- 
ent ia l  Systems for Ocean Flows 
A mathematical analysis of the solutions of the unmodi- 
fied incompressible Navier-Stokes and primitive equations 
in the presence of a viscous boundary layer shows that for 
no slip boundary conditions the difference between the so- 
lutions cannot be proved to  be small (and the difference 
is large in practice). However, when slip boundary condi- 
tions are used, the difference can be proved to  be small. 
Numerical results from models based on the primitive and 
reduced systems support the mathematical analysis. 
F. Olsson 
Colorado State University 
NOAA/ERL R/E/FS 
325 Broadway, Boulder, CO 80303 

G. L. Browning 
Colorado State University 
NOAA/ERL Forcast Systems Laboratory 
325 Broadway, Boulder, CO 80303 

H.-0. Kreiss 
Department of Mathematics 
University of California, Los Angeles 
Los Angeles, CA 90095-1555 

MS19 
Stochastic Theory of Adiabatic Strat i f ied Turbu- 
lence 
We develop a stochastic model for the turbulent trans- 
port of passive scalars based on the Fokker-Planck equa- 
tion for the probability density distribution of infinitesi- 
mal fluid parcels in random turbulent motion. This type 
of model is the microscopic basis behind semi-empirical 
theories of turbulent diffusion which apparently have been 
developed only for incompressible flow. Here, we specif- 
ically develop the theory so that it applies to compress- 
ible flow. We then apply it to  the particular case of adi- 
abatic stratified mesoscale turbulence in the ocean. The 
theory predicts a generalized Gent-McWilliams form for 
the bolus velocity and a single positive-definite diffusivity 
tensor for isopycnal mixing of thickness, tracers, and po- 
tential vorticity. The rotational components of the eddy 
thickness fluxes are not constrained in the theory, but in 
the geostrophic regime of ocean mesoscale turbulence, the 
thickness-weighted ensemble-average Primitive Equations 
are invariant under a gauge transformation which elimi- 
nates all effects of these fluxes. With the exception of the 
Reynolds stress divergences, which cannot be derived in 
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this theory alone, the closure problem is reduced to the 
determination of the diffusivity tensor, which is expected 
to  vary spatially with the intensity of the turbulence] and 
in the horizontally isotropic limit is a single scalar field. 

stantial numerical analysis, statistical and graphical capa- 
bility. Lisp-Stat’s interpreted and object-oriented nature 
make it an ideal tool for interactive, exploratory calcula- 
tions, and as a vehicle for teaching 00 programming. 

Richard D. Smith and John Dukowicz 
Los Alamos National Laboratory 
Los Alamos, NM 87545 E-mail: rds@tdo-serv.lanl.gov 

MS20 
C++/F90 Classes for Geophysical Data Processing 
We have developed an Object Oriented system, which is 
based on both C++ and Fortran 90, to  solve large-scale, 
sparse, linear and non-linear, optimization problems en- 
countered in seismic processing and imaging. The goal of 
the project is to  further algorithmic research by separat- 
ing the development of optimization algorithms, domain of 
mathematicians, from the development of geophysical op- 
erators, domain of geophysicists. To achieve the efficiency 
necessary for handling real-world problems the computa- 
tional routines are written in Fortran 90 for efficient paral- 
lel execution, while C++ code orchestrates the computai 
tions. 
Biondo L. Biondi 
Geophysics Department 
Stanford University, Stanford, CA 94305 
Email: biondo@sep . st anford. edu 

MS20 
The Hilbert Class Library: C++ Base Classes €or 
Optimization 
Geophysical inversion requires the solution of large-scale 
optimization problems involving simulation and complex 
data structures. Unfortunately, it is usually difficult to  
take an “off-the-shelf” optimization code and apply it to  
a problem of realistic complexity. Using object-oriented 
design principles] the authors have designed a collection of 
C++ classes, the Hilbert Class Library (HCL), that allows 
optimization routines to be written in a natural and generic 
fashion, while accommodating arbitrary data structures. 
This talk presents examples of the use of HCL and discusses 
its advantages and disadvantages. 
Mark S. Gockenbach 
Department of Mathematics 
University of Michigan 
Ann Arbor, MI 48109-1109 
Email:  gock@math.Isa.umich.edu 

William W. Symes 
Department of Computational & Applied Mathematics 
Rice University 
PO Box 1892, Houston, TX 77251-1892 

MS20 
Interactive, Object-Oriented Calculation with 
LispStat 
In this talk I will discuss a kind of object system based 
not on classes, which are fixed in software at compile time, 
but on prototypes, or exemplars] which can be created and 
modified dynamically. The best example of a prototype- 
based object system is Luke Tierney’s Lisp-Stat. Lisp-Stat 
is freely available for most computers from Tierney’s ftp 
site. In addition to  having a large subset of Common Lisp 
and the object system, Lisp-Stat comes equipped with sub- 

John A. Scales 
Department of Geophysics 
Colorado School of Mines 
Golden, Colorado 80401 
jscales@mines.edu 

MS21 
Applications of Stochastic Optimization in 
Petroleum Exploration and Production 
This paper describes three exploration and production ap- 
plications that employ genetic algorithms to search for op- 
timal solutions. Applications in two major problem classes 
are presented - process scheduling (coal train loading to  
maximize revenues, and gasoline tanker truck scheduling) 
and the search for near optimal solutions in complex, non- 
linear parameter spaces (material balance for secondary 
recovery in an oil field). Issues related to  the practical im- 
plementation of genetic algorithms for these problems are 
discussed. 
Michael D. McCormack and Donald J. MacAllister 
ARC0 Exploration and Production Technology Company 
2300 West Plano Parkway, Plano, TX 75075 
E-mail: dprmdm@Arco.com 

MS22 
Stability and Error Control for Adaptive Grid 
Methods 
We will discuss the form of stability estimate needed to  
control the global error in terms of the local error for com- 
posite adaptive grid methods. After a brief overview of 
the linear theory we will present computational results ob- 
tained for the nonlinear shallow water equations. 
Joseph Oliger 
Department of Computer Science 
Stanford University, Stanford, CA 94305 
E-mail: oliger@cs.stanford.edu 

MS22 
Applying the Principle of Dynamical Similarity to 
Ocean Model Design 
For ocean models to  mimic reality and be useful in prac- 
tical applications such as climate prediction, they must 
be dynamically similar to  the ocean in dominant non- 
dimensional flow parameters, domain geometry, atmc- 
spheric forcing, and initial conditions. Global modeling is 
the most demanding in terms of governing equations, do- 
main size, grid spacing, grid layout, numerical algorithms, 
and observational data; and it is only recently that meth- 
ods, machines] and data have been adequate to  replicate 
reality. 
Albert J. Semtner 
Oceanography Department 
Naval Postgraduate School 
Monterey, CA 93943 
Email:  sbert@ucar.edu 
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MS22 
MPDATA-a General Positive Definite Solver for 
Geophysical Flows 
MPDATA (Multidimensional Positive Definite Advection 
Transport Algorithm) was designed originally (Mon. Wea. 
Rev., 1983) as a simple scheme for handling the transport of 
nonnegative thermodynamic variables (such as liquid wa- 
ter or water vapour) in atmospheric models. Within the 
last decade, MPDATA has evolved from a simple advec- 
tion scheme to a general approach for integrating the con- 
servation laws of geophysical fluids on micro-to-planetary 
scales. The purpose of this paper is to  review exisitng MP- 
DATA options, outline possible directions of further de- 
velopments, as well as to  demonstrate the efficacy of the 
approach using disperse examples from modeling complex 
geophysical flows. 
Piotr K. Smolarkiewicz 
National Center for Atmospheric Research 
Boulder, GO 80307 
E-mail: smolarQucar .edu 

MS23 
Modeling Reaction-Diffusion Systems Governing 
Biofilm Growth in Porous Media 
Biofilms are complexes of biomass and polymer produced 
by bacteria. Underground, biofilms alter the flow proper- 
ties of aquifers and oil reservoirs. Models of this process 
involve fluid flow and transport of biomass and nutrients. 
The transport obeys reaction-diffusion equations with ad- 
vection, which can cause numerical difficulties far worse 
than those associated with reaction-free transport. Cou- 
pling with the flow occurs because biofilm affects the rock’s 
permeability. We discuss the numerics of such systems, ex- 
amining various nonlinearities. 
Myron B. Allen, Benito Chen, and Hristo Kojouharov 
Department of Mathematics 
University of Wyoming, Laramie, WY 82071 

MS23 
A Network Model for Biofilm Growth and its Ef- 
fects in Poorus Media 
We will present a network model for the SCALE-UP of 
flow, transport and biofilm growth in porous media. Rect- 
angular arrays of tubes of different diameters are used to 
simulate the porous medium in two dimensions. Cubic ar- 
rays are used in three dimensions. A new scheme based 
on upwinded finite differences is used to  control numerical 
diffusion along each tube. Bacterial growth changes the 
diameter of the tubes and therefore the flow and trans- 
port properties of the whole network. Relationsbetween 
amount of bacteria present and macroscopic properties of 
the medium, such as permeability and porosity, are de- 
rived. 
Brian Suchomel 
University of Minnesota, Minneapolis, MN 55455-0436 

Benito Chen and Myron Allen 
Department of Mathematics 
University of Wyoming, Laramie, WY 82071-3036 

MS23 
Multi-scale Parameter Estimation Techniques for 

Flow in Porous Media 
In general, both porosity and absolute permeability will 
have spatial variability at multiple length scales. One can 
model this by representing the porosity and absolute per- 
meability by a set of basis functions which incorporate 
scale dependence. One example of such a basis are the 
Daubechies wavelets of order N. By using interior pres- 
sure data measurements, one can attempt to  recover the 
basis coefficients by least squares methods. In the model 
equation -div(K grad u) = f, we use adjoint-based s t eep  
est descent and Newton methods to minimize a weighted 
residuals objective function to recover K. The distribution 
of measured data affects the reconstruction process in in- 
teresting ways. Analogs to  image reconstruction will be 
presented, as well as the results of several numerical case 
studies. 
Michael S. Pilant 
Department of Mathematics, 
Texas A&M University, College Station, TX 77843 

Yan Zheng 
Department of Mathematics, 
Texas A&M University, College Station, TX 77843 

MS23 
The Effect of Biofilms on the Porosity and Perme- 
abiility of a Porous Medium 
As biofilms intervene in a porous medium, they affect the 
porosity and permeability, which in turn alters the hydro- 
dynamics. A biofilm growth model is presented which is 
suitable for microscale simulations of biofilm activity in a 
porous medium. The model is then used to  predict the 
changing porosity and permeability. The predictions are 
compared to  experimental data and finally these calculated 
properties are used to  simulate flow in a biofilm infested 
porous medium. 
Sunil K. Tiwari 
Department of Mathematical Sciences. 
Sonoma State University, Rohnert Park, CA 94928 

Kenneth L. Bowers 
Department of Mathematical Sciences, 
Montana State University, Bozeman, MT 59717 

MS24 
Automatic Estimation of Three-phase Relative 
Permeabilities from Laboratory Experiments by 
using a Least-Squares Method 
In three-phase flow in porous media relative permeabilities 
are functions of two saturations. In order to  estimate them, 
experiments are performed on core samples in laboratories 
of the French Institute of Petroleum. During these experi- 
ments saturations are measured at various locations of the 
core. We show how the relative permeabilities can be esti- 
mated automatically from these measurements. They are 
parametrized as smooth functions which must satisfy some 
monotonicity and positivity constraints and in such a man- 
ner that  multiscale optimization can be used. The codes 
for simulation, evaluation of the data misfit function and 
its gradient have been generated automatically by Gradj, 
a symbolic code generator written in Maple. 
Guy Chavent 
Universitk Paris-Dauphine and INRIA, France 



J. Jaffrk 
INRIA-Rocquencourt 
B.P. 105, F-78153 Le Chesnay Cedex, France 

Sophie J6gou 
Universitk Paris-Dauphine and INRIA, France 

MS24 
Identification of Nonlinear Adsorption Isotherms 
from Breakthrough Column Experiments 
Nonlinear sorption isotherms can be uniquely determined 
from outflow measurements obtained in soil column break- 
through experiments. The minimum of an appropriate out- 
put least squares functional solves the identification prob- 
lem. A numerical scheme that is based on the output least 
squares method has been developed and implemented. The 
gradient can be efficiently computed by solving the dis- 
crete adjoint problem. The application of a multi-scale 
concept substantially accelerates and stabilizes the opti- 
mization process. 
Bodo Igler, Peter Knabner 
University of Erlangen-Nuremberg 
Institute for Applied Mathematics 
D-91058 Erlangen, Germany 
E-mail: knabnerQam.uni-erlangen.de 

MS24 
Functional Representation and Model Nonlinear- 
ity in Estimation of Porous Media Properties From 
Laboratory Data 
We address two important aspects of estimation of porous 
media properties from laboratory data, namely the r e p  
resentation of flow functions and the nonlinearity of the 
model. We present various ways of representing porous me- 
dia properties, and utilize a measure for the model nonlin- 
earity to quantitatively study this nonlinearity for different 
functional representations. We will be particularly inter- 
ested in how the nonlinearity varies for different functional 
representations, using both local and hierarchical bases. 
Trond Mannseth and Jan-Erik Nordtvedt 
RF - Rogaland Research, N-5008 Bergen, Norway 
Trond.Mannset hQdue .rf.no, 
Jan-Erik.Nordtvedt@due.rf.no 

Kari Brusdal, Alv-Arne Grimstad, and Kristofer Kolltveit 
University of Bergen, Bergen, Norway 

A. Ted Watson 
Department of Chemical Engineering 
Texas A&M University, College Station, TX 77843 
Email: atwQchenext3.tamu.edu 

MS24 
Characterizing Gas Desorption in Porous Media 
Some important natural gas resources, such as the Devo- 
nian shales of the eastern United States, contain significant 
amounts of methane in an adsorbed phase. Explicit con- 
sideration of this storage mechanism in modeling produc- 
tion from such resources can be done using a property that 
is dependent upon the pressurea state variable. We will 
present methods and analyses for estimating this property 
from both laboratory and field data. 
A. Ted Watson 

Department of Chemical Engineering 
Texas A&M University, College Station, TX 77843 
E-mail: atwQchenext3 .t arnu.edu 

MS25 
Streamtube Ensemble Approach for Multicompo- 
nent Nonlinear Reactive Transport: Simple Mixing 
within Streamtubes 
Multicomponent reactive transport in heterogeneous 
porous media poses significant hurdles to scaling by Eu- 
lerian stochastic-analytic approaches devised for passive 
or single component systems. We describe a stochastic- 
convective (SCR) approach wherein transport occurs via 
an ensemble of streamtubes, whose flux contribution is 
distributed over random travel-time. Multicomponent re- 
actions require incorporation of within-streamtube mixing 
processes; a simple Fickian model is used, in application to  
experiments in biodegradation. Complexities in determin- 
ing the travel-time distribution from passive tracer arrivals 
are discussed. 
Tim R. Ginn 
Dept. of Civil & Environmental Engineering 
University of California. Davis 
Davis, CA 95616 

A. Chilakapati, C.S. Simmons, and E.M. Murphy 
Battelle Pacific Northwest National Laboratory 
Richland WA 99352 

MS25 
Experimental Verification of Non-Local Theory for 
Dispersion in Aperiodic Porous Media 
It is generally recognized that chemical transport in ge- 
ological media is strongly influenced by subsurface veloc- 
ity variations. These variations depend on several mixing 
mechanisms. In order to establish and evaluate predictive 
techniques, it is necessary to identify and understand the 
nature and range of these mechanisms in heterogeneous 
aperiodic porous media. Stochastic models for predicting 
chemical transport have been extensively developed over 
the last decade and show promise as a predictive tech- 
nique. However, critical evaluation of these models has 
typically relied upon the comparison of measured and sim- 
ulated concentration data. Since the application of these 
models often depends on specific assumptions about the 
nature of the velocity field, experimental measurement of 
the velocity field would allow for a more critical evalua- 
tion of existing models. Chloride ion concentration break- 
through curves have been measured as a function of length 
in homogeneous, periodic and aperiodic heterogeneous lab- 
oratory models. These concentrations can be converted to 
velocity measurements via specific functions related to  the 
permeability variation of the media. However, non-local 
theories contain the velocity covariance function. High gra- 
dient nuclear magnetic resonance (NMR) imaging presents 
a non- invasive means to  obtain specific information about 
the behavior of the velocity field. Such measurements are 
currently being made. I t  may be possible to  use laser tech- 
niques in laboratory models which would allow more re- 
alizations of a given media to  be measured economically. 
In addition laser techniques may be used to  follow particle 
motion in the media. A complete suite of measurements 
can be used to  test non-local theory and the constitutive 
velocity covariance and permeability. These relations are 
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necessary for field applications. 
Robert A. Greenkorn, Nancy C. Irwin, and R. Keith Kuo 
School of Chemical Engineering 
Purdue University, West Lafayette, IN 47906 
Fax 317-494-0805 

Steven A. Altobelli 
The Lovelace Institutes 
Albuquerque, NM 

MS26 
Determination of a Smooth Velocity Field with 
Stereo-Tomography 
The determination of complex reservoir structures involves 
the necessity of considering complex velocity fields. We 
present a tomographic method which uses the slopes of 
the reflected arrivals (Sword, 1987; Biondi, 1990). The 
main advantages of this method are the stability of the 
picking (on stacked data), no assumption of reflectors con- 
tinuity and a reasonable CPU time. The problem is posed 
in the general frame of inverse theory (Tarantola, 1987) 
and Hamiltonnian formulation (Goldstein, 1980, Farra and 
Madariaga, 1988) 
Frddkric Billette and Gilles Lambard 
Centre de Recherche en Geophysique 
Ecole des Mines de Paris 
35 rue St-Honre, 77305 Fontainebleau, France 
billette@geophy.ensmp.fr, lambare@geophy.ensmp.fr 

MS26 
Velocity Inversion by Migration-based Traveltime 
Formulation 
Automatic inversion of marine surface seismic data is ad- 
dressed through the minimization of a least-square data 
misfit by a local descent method. The migration-based 
traveltime (MBTT) approach partly cures the non convex- 
ity of this misfit function by using a reflectivity unknown 
in the time domain, which is provided by convex duality. 
This approach allows the estimation of kinematic parame- 
ters such as the velocities and the geometry of the acquisi- 
tion device. Numerical results from synthetic and real data 
are given. 
Guy Chavent 
CEREMADE, Universitk de Paris-Dauphine 
pl. du MarCchal de Lattre de Tassigny 
F-75775 Paris Cddex 16, France, and INRIA 

Francois Clkment 
INRIA-Rocauencourt. Domaine de Voluceau 
B.P. 105, F-?8153 Le Chesnay, Ckdex, France 
E-mail: Francois.Clement@inria.fr 

Yann-Hervk de Roeck 
IFREMER, Centre de Brest 
B.P. 70, F-29280 Plouzank, France 

MS27 
High Contrast Impedance Tomography 
We consider the inverse problem of imaging media with 
high contrast conductivity when the Neumann to  Dirichlet 
map at points along the boundary is given. The inversion 
algorithm we propose identifies first high contrast features 
given by an asymptotic resistor network. This first approx- 

imation is then improved upon by linearization about the 
identified resistor network. Numerical experiments demon- 
strate the performance of the algorithm. 
Liliana Borcea 
Applied Mathematics, 217-50 
California Institute of Technology 
Pasadena, CA 91125 
borcea@ama.caltech.edu 

James Berryman 
Building 1478 Room 100 
Lawrence Livermore National Laboratory 
Earth Sciences Division, Environmental Programs Direc- 
torate 
P. 0. Box 808 L-202, Livermore, CA 94551-9900 
berryman@sl23.es.llnl.gov 

George Papanicolaou 
Department of Mathematics, 
Stanford University, Stanford, CA 94305-2125 
papanico@math.stanford.edu 

MS27 
Passive Scalar Diffusion in Turbulent Flows 
We study the large scale behavior of particle dispersion in 
incompressible flows. We develop the variational method 
for studying anomalous diffusion in turbulence which re- 
covers and extends existing results by other methods. In 
the high Peclet number regime our method predicts a gen- 
eral turbulent diffusion behavior in which the effective dif- 
fusivity stays away from zero regardless of molecular dif- 
fusion. The numerical computation of the scaling laws for 
either the anomalous or effective diffusion is challenging. 
Albert Fanniiang 
Department of Mathematics 
University of California, Davis 
Davis, CA 95616-8633 
fannjian@math.ucdavis.edu 

MS27 
A Multiscale Finite Element Method for Capturing 
Large Scale Solutions 
We present a new finite element method for solving mul- 
tiscale problems in geoscience. The method is designed 
to  capture the large scale solutions without resolving the 
small scale details. The idea is to  use multiscale base func- 
tions adaptive to  the microstructures of the problem. Thus 
small scales are correctly captured by the method on a 
coarse grid. Both analyis and extensive numerical calcu- 
lations confirm that the method gives convergent results 
independent of small scales. 
Thomas Y. Hou 
Applied Mathematics, 217-50 
California Institute of Technology 
Pasadena, CA 91125 
E-mail: hou@ama.caltech.edu 

MS27 
Effective Numerical Methods for Porous Media 
Flows and Transport Problems 
We solve flow and transport problems in random porous 
media using the multiscale finite element method. Various 
reservoir models of areal and cross sections are considered. 
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In particular, models with high velocity regions are studied. 
Our method captures accurately the large scale solutions of 
pressure and velocity on a relatively coarse mesh. We also 
demonstrate the use of MFEM as an effective numerical 
upscaling method. Similar results for dispersive transport 
problems will be given. 
Xiao-Hui Wu 
Applied Mathematics, 217-50 
California Institute of Technology 
Pasadena, CA 91125 
E-mail: xwu@ama.caltech.edu 

MS28 
Predicting Interwell Petrophysical Properties Us- 
ing Neural Networks and Crosswell Tomography 
Engineers are acutely aware of the limitations in predict- 
ing reservoir properties on a spatial scale based on the data 
collected at the wellbore. Recent advances in geostatistics 
have reduced the uncertainty associated with such spatial 
predictions. The present trend is to  constrain these geo- 
statistical models to  seismic data due to its inherent large 
areal coverage. However, the large difference in the reso- 
lution of the wellbore and seismic data has to  be recon- 
ciled. We chose to  resolve this issue by uniting a crosswell 
seismic attributes and well logs to  provide reservoir prop- 
erty maps. The advantage in using the crosswell seismic is 
higher data resolution. The resolution of the crosswell seis- 
mic is comparable with that of the well-logs. Since the reso- 
lution scales are now comparable, we used a neural network 
to  predict complete interwell gamma ray response profile. 
In the Sulimar Queen field, where this methodology was 
tested, the gamma-ray logs correlated well with porosity 
and water saturation. Based on the explicit correlations 
available between the gamma ray log and the reservoir 
properties, spatial interwell maps of the properties could 
be obtained. 
Adwait Chawathe 
Petroleum Recovery Research Center 
New Mexico Institute of Mining & Technology 
Socorro, NM 87801 
adwait @baervan.nmt .edu 

MS28 
Applying Artificial Neural Network Technolgy to 
Petroleum Engineering Problems 
Understanding and modeling non-linear and dynamic 
reservoir properties and their interaction of flow of multi- 
phase fluids in a oil reservoir is a complex problem. Com- 
monly used model based data analysis and simulation tech- 
niques often have difficulty solving such problems accu- 
rately because of the large number of variables involved. 
Artificial neural networks (ANN) have the ability to  ap- 
proximate complex systems by non-linear interpolation of 
experimental or past historical data. ANNs are differen- 
tiable non-linear numeric representation of complex func- 
tions and hence are particularly suitable petroleum engi- 
neering problems. This paper presents several applications 
of ANNs to  solving petroleum engineering problems. The 
associated uncertainities of the computed results are also 
presented. 
Manmath Panda 
ARC0 Oil and Gas 
Plano, TX 
mpanda@arco.com 

MS28 
Optimal Groundwater Remediation Using Neural 
Networks and Genetic Algorithms 
Escalation of groundwater remediation costs encourage ad- 
vances in optimization to  balance remediation objectives 
while keeping costs minimal. Remediation design at LLNL 
has been based on isothermal groundwater flow and trans- 
port codes (GFTCs) and a hybrid genetic algorithm (GA) 
- artificial neural network (ANNs) search. The ANNs are 
trained to  approximate the outcome of the GFTC. This ap- 
proach has advantages of 1) millionfold increase in speed 
of remediation pattern assessment during the searches and 
sensitivity analyses for the 2-D work, 2) freedom from se- 
quential runs of the GFTC (enables workstation farming), 
and 3) recycling of the knowledge base (i.e. runs of the 
GFTC necessary to  train the ANNs). 
Leah L. Rogers 
Lawrence Livermore National Laboratory 
L-206, P.O. Box 808 
Livermore, CA 94550 
rogersl l@llnl.gov 

MS28 
Can we Predict Permeability Using Neural Net- 
works? 
Permeability may be the most important variable from the 
point of view of reservoir characterization. Field perme- 
ability is rarely estimated directly, but may be indirectly 
calculated from porosity, resistivity, and water saturation 
logs. Several formulations are available depending on the 
type of formation. For complicated lithology, where the 
ground composition changes dramatically and frequently, 
the estimation of permeability becomes very challenging. 
Experts use their experience and pattern recognition capa- 
bilities to  recommend the sections of higher permeability 
in the well. In doing so, experts use logs of resistivities, 
gamma ray, neutron etc. to  predict permeability. In the 
same way that the experts apply their experience and pat- 
tern recognition capabilities, we believe that the Artificial 
Neural Networks (ANN) can be used to  estimate perme- 
ability in wells with complicated geology. In this study, 
we present the results obtained for predicting permeability 
of a tight sand reservoir using supervised ANN. We also 
discuss the capabilities and restrictions that may apply for 
making such predictions. 
Mirna Urquidi-MacDonald 
Engineering Science and Mechanics 
The Pennsylvania State University 
University Park, PA 16801 
mumesm@engr.psu.edu 

MS29 
Godunov-type Finite Volume Method for the Sys- 
tem of Shallow Water Equations 
A Godunov-type finite volume method has been developed 
for the numerical solution of the system of shallow water 
equations. The Riemann problem at the cell interface is 
solved using Roe’s approximation. The algorithm is de- 
veloped in 2-D for unstructured meshes based on linear 
triangles. The procedure is implemented on some simple 
test cases as well as some real-life coastal flow problems. 
Higher-order extensions of the method through slope lim- 
iting procedure is discussed. 
Srinivas Chippada, Clint N. Dawson, Monica L. Martinez, 
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and Mary F. Wheeler 
Center for Subsurface Modeling 
University of Texas, Austin, TX 78712 
E-mail: chippada@ticam.utexas.edu, 
clint@ticam.utexas.edu 
monicam@harvey.cam.rice.edu, and 
mfw@ticam.utexas.edu 

MS29 
Minimizing Truncation Error in Finite Element 
Shallow Water Wave Equation Models 
Finite element wave equation models eliminate spurious 
oscillation modes without artificial or numerical damping. 
Recent work has identified several algorithms that reduce 
global and local truncation error. However, in applications 
where the hydrodynamic model is coupled to  a water qual- 
ity model, it is desirable to further reduce the truncation 
error so as to have nearly perfect mass balance at the el- 
ement level. Current work examines several algorithms to 
meet this goal. 
R. L. Kolar 
School of Civil Engineering and Environmental Science 
University of Oklahoma, Norman, OK 73019 
Email: kolar @ou . edu 

J. J. Westerink 
Department of Civil Engineering and Geological Sciences 
University of Notre Dame, Notre Dame, IN 46556 
E-mail: jjw@photius.ce.nd.edu 

N. W. Scheffner 
USAE Waterways Experiment Station, WESCR 
Vicksburg, MS 39180 
E-mail: n . scheffneracerc . wes . army. mil 

MS29 
A Priori Error Estimates for Finite Element Mod- 
els of the System of Shallow Water Equations 
In this talk, we aim to give a brief overview on recent a 
priori error estimates for some finite element models of 
the primitive and wave formulations of the shallow water 
equations. Recent results for a Characteristic-Galerkin ap- 
proach will also be discussed. 
Monica L. Martinez, Srinivas Chippada, 
Clint N. Dawson, and Mary F. Wheeler 
Center for Subsurface Modeling 
The University of Texas, Austin, TX 78712 
E-mail: 
chippada@ticam.utexas.edu 
clint@ticam.utexas.edu, and mfw@ticam.utexas.edu 

monicamQticam . ut exas. edu , 

MS29 
Split Finite Element Model for Shallow Water 
Equations 
An efficient finite element model for the computation of 
shallow water flows is introduced. Characteristic-Galerkin 
and fractional step methodologies are the basis of the algc- 
rithm, suitable for a wide range of shallow water problems, 
including supercritical flows with shock formation, because 
of its optimal diffusion properties. The semi-explicit ver- 
sion of the general procedure shows robustness and econ- 
omy even for large timesteps, several times of that  corre- 
sponding of fully explicit methods. This is a desired ad- 

vantage for practical tidal flow calculations. To prevent 
instabilities in the numerical solution of tide propagation 
problems, some practical remedies are studied and further 
testings on tidal flow analysis in the Severn Estuary are 
here presented. 
Pablo Ortiz 
Computational Engineering Division 
CETA - CEDEX, Madrid, Spain 

0. C. Zienkiewicz 
Institute of Numerical Methods in Engineering 
University of Wales, Swansea, U.K 

MS30 
Multi-Valued Solutions of the Eikonal Equation 
Using direct resolution of the eikonal equation for travel- 
times instead of classical ray tracing was, until recently, 
limited to  first arrival travel-times. This limitation, which 
cannot be avoided, is linked to  the ‘upwind’ property of nu- 
merical schemes used to  compute these solutions. There- 
fore, any algorithm able to  compute multi-valued travel 
times using for example finite-differences on the eikonal 
equation is necessary hybrid. By hybrid we mean that 
it has to  incorporate additional information contained in 
the phase space solution. We will quickly review recent 
developments towards such algorithms with a particular 
emphasis on Big Ray Tracing developed at  INRIA. 
Jean-David Benamou 
INRIA-Rocquencourt 
B.P. 105 
F-78153 Le Chesnay Cedex, France 
E-mail: Jean-David.BENAMOU@inria.fr 

MS30 
Imaging Complex Structures with First-Arrival 
Traveltimes 
I present a semi-recursive Kirchhoff migration algorithm 
which is capable of obtaining accurate images of complex 
structures using first-arrival traveltimes. The method is 
successful because breaking up the complex velocity struc- 
ture into smaller depth regions allows traveltimes to be 
calculated in simple regions where they are well behaved, 
and where they correspond to  energetic arrivals. Because 
traveltimes are computed for simple depth regions, the ad- 
verse effects of caustics and headwaves do not develop, and 
multivalued arrivals are implicitly accounted for in the mi- 
gration. 
Dimitri Bevc 
3DGeo Development Inc. 
465 Fairchild Drive, Suite 226 
Mountain View, CA 94043-2251 
Email: dimitri@3DGeo.com 

MS31 
Reactive Flows In Porous Media: Applications and 
Theory 
We shall present a simplified model which explains a new 
type of shape instability of the reaction front, the so-called 
Reaction-Infiltration Instability. I t  appears to  be impor- 
tant in many strategically significant applications, from the 
location and shape of uranium deposits to  the dynamics 
of breakout from chemical and nuclear waste repositories 
to bioremediation. The shape instability of the interface 
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will be examined in the context of a moving free boundary 
problem. If time permits, the effects of viscosity change, 
hydrodynamical dispersion and layered media will be sum- 
marized. John H. Cushman 
John Chadam 
Mathematics Department 
University of Pittsburgh, Pittsburgh, PA 15260 

Denver, CO 80217-3364 
E-mail: bennethum@math.cudenver.edu 

Center for Applied Mathematics 
Purdue University, 
West Lafayette, IN 47907 

MS31 
Energy Balance Climate Models with Long-term 
Memory 
Of concern are quasilinear functional reaction-diffusion 
equations with delays on the one-sphere and their system 
counterparts consisting of a reaction-diffusion and an inte- 
gral equation. Such problems arise from energy balance cli- 
mate models in case that the long response times of the con- 
tinental ice-sheets are accounted for. This talk will focus 
on analytical issues such as the existence of time-periodic 
solutions in the context of seasonally averaged models. 
Georg Hetzer 
Department of Mathematics 
Auburn University, Auburn, AL 36849-5310 
Email :  hetzege@mail.auburu.edu 

MS31 
Some Global Existence Results Associated with 
Balanced Reaction Diffusion Systems on Hetero- 
geneous Domains 
We present some recent results related to  the global exis- 
tence question for solutions of balanced reaction-diffusion 
systems on heterogeneous domains. Our primary interest 
is the setting where the spatial domain decomposes into 
finitely many subvolumes with differing diffusion laws on 
each subvolume. Both recent results and open questions 
will be discussed. 
Jeff Morgan 
Department of Mathematics 
Texas A&M University 
College Station, TX 77843-3368 
jmorgan@math.tamu.edu 

William E. Fitzgibbon 
Department of Mathematics 
University of Houston 
Houston, TX 77204-3476 
fitz@math.uh.edu 

MS32 
Constitutive Equations for Swelling Particulate 
Matter with Quasistatic Electrodynamics 
We consider clay particulate soil characterized by particles 
which may swell or shrink due to  mass tranfer from a mul- 
ticomponent solution in contact with the clay. The cause 
of swelling and shrinking is attributed to  physico-chemical 
forces. In previous works we have used a hybridization of 
mixture theory to develop novel constitutive relations for 
swelling media accounting for surface hydration. In this 
talk, we extend these results to  incorporate the effects of 
quasistatic electrodynamics. 
Lynn S. Bennethum 
Department of Mathematics 
University of Colorado at Denver 

MS32 
Thermodynamic Considerations in Multiphase 
Flow 
Multiphase flow in porous media is typically modeled using 
conservation equations formulated at a scale encompassing 
tens of pore diameters. To complete the formal descrip- 
tion, macroscale thermodynamic postulates must also be 
capable of both capturing important processes and relat- 
ing to  thermodynamic descriptions at the microscale. In 
this presentation, considerations that go into a consistent 
formulation of the macroscale thermodynamic properties 
of phases and interfaces will be discussed. 
William G. Gray 
Dept. of Civil Engineering & Geological Sciences 
University of Notre Dame, Notre Dame, IN 46556 
E-mail: wggr ay @gauss . ce . nd . edu 

MS32 
A Discussion On Local Non-Equilibrium Models for 
Describing Flows in Heterogeneous Porous Media 
Local non-equilibrium transport occurs in homogeneous 
or heterogeneous porous media when contrasts between 
the properties of the different regions are well marked. 
These situations can lead to averaged equations featur- 
ing complicated time and space integrals. In many cases, 
two-equation models represent an attractive simplification 
of these macroscopic equations. The introduction and 
the limitations of such models are reviewed based on the 
method of volume averaging applied to several examples, 
including flow of slightly compressible fluids, dispersion, 
and active dispersion. 
Michel Quintard, Azita Ahmadi, Fabien Cherblanc 
LEPT-ENSAM (CNRS) 
Esplanade des Arts et Metiers 
33405 Talence Cedex, France 
E-mail: quintardolept-ensam.u-bordeaux.fr 

Stephen Whit aker 
Department of Chemical Engineering 
University of California at Davis 
Davis, CA 95616 - USA 

MS32 
Diffusion and Reaction in Biofilms: A Volume Av- 
eraging Approach 
Conventional models for diffusion and reaction in biofilms 
rely on the assumption that the biofilm is a continuum 
at the macroscopic scale. This approach leads to macro- 
scopic equations for which the domain of validity is not 
clearly defined, and the relationship between the micro- 
scopic and macroscopic parameters is not established. We 
treat the intracellular and extracellular phases as continua, 
and volume average the microscopic transport equations to  
develop the macroscopic equations for diffusion and reac- 
tion in biofilms. This allows us to  identify three regimes in 
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which the macroscopic transport equations take on special 
forms. 
Brian D. Wood and Stephen Whitaker 
University of California, Davis 
Davis, CA 95616 

MS33 
A Simulation Environment for Porous Media Flow 
Applications 
Porous media flow applications are recognized by a vari- 
ety of mathematical models and numerical methods. In 
the talk we will demonstrate how researchers in the field 
can utilize object-oriented programming techniques for en- 
abling rapid prototyping of simulators for exploring new 
models and methods. For example, the solution of a system 
of PDEs can easily be accomplished by combining existing 
modules for the separate equations. Some specific applica- 
tions of this principle will be demonstrated. Our software 
is built on top of the Diffpack libraries, and a brief overview 
and current status of Diffpack will also be given. 
Hilde Erlandsen 
Sintef, Institute of Applied Mathematics 
P.O. Box 124 Blindern, N-0314 Oslo, Norway 
E-mail: Hilde.Erlandsen@si.sintef.no 

Hans Petter Langtangen 
Department of Mathematics, University of Oslo 
P.O. Box 1053 Blindern, N-0316 Oslo, Norway 
E-mail: hpl@math.uio.no 

Aslak Tveito 
Department of Informatics,University of Oslo 
P.O. Box 1080 Blindern, N-0316 Oslo, Norway 
E-mail: aslak@ifi.uio.no 

MS33 
Two-Phase Fixed Bed Reactor Simulator 
A simulator for the steady state operation of a fixed bed 
reactor has been developed. The physical effects include 
two-phase (liquid-gas) flow through a catalyst packed bed, 
capillary pressure, vapor-liquid equilibrium, chemical reac- 
tions and attendant heat effects, and spatial variations in 
void fraction. The model treats the packed bed as a porous 
medium. Ergun’s generalization of Darcy’s Law is used to 
describe pressure drop with appropriately chosen relative 
permeabilities. 

In this talk, we focus on the software development and the 
experiences from applying object-oriented techniques and 
the C++ language. Object-oriented techniques are promis- 
ing in terms of increased modularity which allows higher 
reliability, flexibility, and extensibility a t  lower cost. Soft- 
ware and algorithms are a far more limiting factor than 
hardware for extensive applications of mathematical mod- 
els for new processes. 
Are Magnus Bruaset 
SINTEF, P.O. Box 124 Blindern, N-0314 Oslo, Norway 

Jules M. Kline, Dale A. Larson, and Paul H. Merz 
Chevron Research and Technology Company 
100 Chevron Way, Richmond, CA 94802, USA 
E-mail: merz@chevron.com 

Torgeir Rusten 
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SINTEF, P.O. Box 124 Blindern, N-0314 Oslo, Norway 

MS33 
Modeling Mass Transfer Phenomena in Heteroge- 
neous Subsurface Systems 
Interphase mass transfer phenomena comprise an impor- 
tant class of constitutive relations for subsurface transport 
models. Recent results have shown that time-scales for at- 
tainment of equilibrium between phases may be sufficiently 
long for some cases, such as sorption-desorption between a 
natural solid phase and an aqueous phase, so as to  render 
models based upon the assumption of local equilibrium be- 
tween phases as crude approximations of the true system 
behavior. We consider a two-scale, stochastic approach to  
model such phenomenon, and we show comparisons with 
models of varying sophistication. We also compare alter- 
native implementation methods and discuss computational 
issues. 
Cass T. Miller, Joseph F. Kanney, and Joseph A. Pedit 
Department of Environmental Sciences & Engineering 
University of North Carolina 
Chapel Hill, NC 27599-7400 
E-mail: casey-miller@unc.edu, kanney@geek.sph.unc.edu, 
jpedit@sophia.sph.unc.edu 

MS33 
On the Implementation of an Adaptive Finite Ele- 
ment Method for the Pressure Equation Arising in 
Reservoir Simulation 
Typical features of the pressure equation in reservoir sim- 
ulation are highly varying permeability coefficients and a 
solution that is less regular close to  injection and produc- 
tion wells. Both these features make adaptivity of the com- 
putational grid advantageous. In this talk it is described 
how a sequence of refined meshes are constructed by using 
residual based error control. The pressure equation is then 
solved on this sequence of grids by a multigrid method. 
The implementation is done in Diffpack. 
Klas Samuelsson 
Department of Informatics 
University of Oslo 
P.O. Box 1080 Blindern 
N-0316 Oslo, Norway 
E-mail: klsam@ifi.uio.no 

MS34 
Multigrid Solution of Two-hase Flow in Porous 
Media 
The equations of two-phase flow in porous media are solved 
in the fully coupled formulation. Two discretizations are 
used: A finite volume scheme and a control volume finite 
element method, both on unstructured multi-element type 
meshes in two and three space dimensions. For the time 
discretization either implicit Euler or BDF(2) is employed. 
The fully coupled, Newton-linearized equations are then 
solved by a multigrid method. A modified restriction has 
been developed to  handle coefficient jumps. Several repre- 
sentative examples are presented. 
Peter Bastian 
Institute for Computer Applications 
University of Stuttgart 
Germany 
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MS34 
Inverse Modeling for Mult iphase  Flow in Porous 
Media 
The inverse problem of determining hydrogeologic parame- 
ters for multiphase flow systems requires both an accurate 
simulation of multiphase flow processes, and an robust and 
efficient algorithm to  minimize the highly non-linear objec- 
tive function. Systematic errors in the conceptual model 
and the presence of outliers in the data may significantly 
bias the parameter estimates. The purpose of this paper is 
to  discuss various sources of errors, and how they affect in- 
verse modeling results. Furthermore, robust estimators are 
presented and compared with the standard least-squares 
formulation. An automatic parameter selection scheme 
based on overall parameter sensitivity and correlation is 
introduced which significantly improves the performance 
of the Levenberg-Marquardt minimization algorithm. 
Stefan Finsterle 
Lawrence Berkeley Laboratories 
Earth Science Division 
University of California, Berkeley 
Berkeley, CA 94720 

MS34 
Mathematical Modeling and Simulat ion of Mult i -  
phase Flow and Transport Processes in Heteroge- 
neous Media 
Contamination of groundwater resources by nonaqueous 
phase liquids (NAPL’s) has become an issue of increasing 
interest in the last two decades. As they are thus present 
as separate phases in subsurface, flow investigations must 
be described in terms of multiphase flow processes. The 
objective of this presentation is to  derive a generalized 
formulation for Standard Galerkin, Petrov-Galerkin and 
Fully-Upwind Box methods based on the coupled pressure- 
saturation formulation and to  address the different dis- 
cretizations by simulation of migration of DNAPL through 
heterogeneous porous media. In order to  compare the dif- 
ferent approaches the results will be discussed for selected 
examples. 
Rainer Helmig 
Institut fuer Wasserbau 
University of Stuttgart 
Germany 

MS34 
Multigrid Methods for Parameter Identification in 
Groundwater Flow 
Multigrid methods have been applied successfully to  sim- 
ulation problems in groundwater flow and transport prob- 
lems. In order to  increase the predictability of the numer- 
ical models system parameters have to  be identified. A 
new geostatistical approach to inverse mdeling problems 
is presented, which helps to  overcome the typical problem 
of insufficient data for a reliable identification in the con- 
ventional deterministic inverse modeling approach. New 
multigrid algorithms are presented which reflect on the 
constraint programming problem structure of the resulting 
optimization problems and are therefore able to  simulta- 
neously solve the process equations and the optimization 
problem. 
Volker Schulz 
Institute for Computer Applications 
University of Stuttgart 

Germany 

MS35 
Mult i f ractal  Scaling of Pore Geometry and the Per- 
meabi l i ty  of Natural Porous M e d i a  
n this talk, we shall compare and contrast the fractal de- 
scription of natural porous media, as proposed by Rieu and 
Sposito, and the multifractal scaling approach advocated 
by Saucier and co-workers. The theoretical foundations of 
both models will be briefly outlined, as well as their respec- 
tive advantages for the characterization of transport p r o p  
erties. Particular emphasis will be placed on the various 
methods available for the determination of model parame- 
ters (fractal dimension, f(a1pha) function). 
Philippe Baveye 
Laboratory of Environmental Geophysics 
Cornel1 University 
Ithaca, New York 14853-1901 

MS35 
Flu id  Flow in R e a l  Rock Fractures: Measurement 
vs Simulation 
Numerical simulation of fluid flow in fractures has com- 
monly been carried out using fractures which themselves 
are synthesized numerically, and for which verification of 
results is therefore difficult. We are now able to  digitize the 
topography of real fracture surfaces and to  register facing 
surfaces to one another with an accuracy of about 50 mm, 
allowing comparison of simulated hydraulic conductivity to 
measured. Measurements of flow in tight fractures indicate 
some degree of sophistication is needed t o  produce accurate 
numerical simulation. 
William B. Durham 
Lawrence Livermore National Laboratory 
L-201, Livermore, CA 94550 

S. R. Brown 
Applied Research Associates 
R R  1, Box 120A, Waterman Rd 
South Royalton, VT 05068 

MS35 
Wormhole  Dissolution Patterns Resul t ing  from Re- 
ac t ive  Transport in a Stat is t ical ly  Homogeneous 
Random Porous Medium 
Reactive transport is investigated for a stochastically gen- 
erated heterogeneous permeability field which is statis- 
tically homogeneous. A continuum formulation is used 
based on Darcys law and surface-controlled mineral reac- 
tion at a mesoscale intermediate between the microscale 
(pore scale) and macroscale (continuum scale). Dissolution 
occurs along preferential flow paths through the heteroge- 
neous medium creating wormhole-like patterns. The mor- 
phology of the wormholes is a function of the Damkohler 
and Peclet numbers characterizing the flow field and kinetic 
reaction rate. 
Peter C. Lichtner and Sitakanta Mohanty 
Center for Nuclear Waste Regulatory Analyses 
Southwest Research Institute 
6220 Culebra Road, San Antonio, Texas 78238 
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MS36 
Nonlocal Problems Modelling the Formation of 
Shear Bands 
The formation of shear bands in materials has important 
implications to a variety of physical processes. These bands 
are observed in very thin zones and are generally regarded 
as a precursor to  material failure. Shear band formation 
is caused by the heat generated in regions with highest 
strain rate. With insufficient time for diffusion of this 
heat, a localized thermal softening of the material occurs 
which enhances plastic flow in a thin zone. This adiabatic 
strain localization can be modelled as nonlinear thermally- 
activated reaction-diffusion equations. This leads to a class 
of nonlocal parabolic problems and their associated time- 
independent steady-state counterparts. A discussion of the 
models and an analysis of the problems will be presented. 
Jerry Bebernes 
Department of Applied Mathematics 
Campus Box 526 
University of Colorado 
Boulder, Colorado 80309 
Email:  bebernes@gauss.colorado.edu 

MS36 
A Degenerate Parabolic Equation in Fractured Me- 
dia With Evolutionary Boundary Data 
We study differential equations that model contaminant 
flow in a fractured porous medium consisting of a single 
fracture bounded by a porous matrix. In the fracture we 
assume convection, decay, and loss t o  the porous matrix, 
and in the porous matrix we include diffusion, decay, and 
nonlinear sorption. The model leads to  a degenerate, non- 
linear parabolic equation in a quarter-space with a differ- 
ential equation for an evolutionary, oblique boundary con- 
dition. 
J. David Logan 
Department of Mathematics & Statistics 
University of Nebraska, Lincoln, NE 68588-03233 
Email: dlogan@math.unl.edu 

MS36 
On Hele-Shaw models with surface tension 
We study a multi-dimensional moving boundary problem 
involving the mean curvature of the unknown moving sur- 
face as an explicit boundary condition. This model is a 
nonlocal generalization of the mean curvature flow and 
is sometimes called Mullins-Sekerka flow. Using semi- 
group theory and Fourier multipliers we prove existence 
and uniqueness of classical solutions. As a simple conse- 
quence it is shown that this problem is area minimizing and 
volume preserving. Moreover, using center manifold theory 
we show that small perturbations of a single sphere exist 
globally and converge exponentially fast to  some sphere. 
Gieri Simonett 
Department of Mathematics 
Vanderbilt University, Nashville, TN 37420 
Email:  simonett@math.vanderbilt.edu 

Joachim Escher 
Mathematical Institute 
University of Basel 
CH-4051 Basel, Switzerland 

MS36 
Numerical Simulation for Groundwater Contami- 
nant Transport with Biodegradation 
The microbial degradation of organic contaminants in the 
subsurface holds significant potential as a mechanism for 
in-situ remediation strategies. The mathematical models 
that describe contaminant transport with biodegradation 
involve a set of advective-diffusive-reactive transport equa- 
tions. These equations are coupled through the nonlin- 
ear reaction terms, which may involve reactions with all 
of the species and are themselves coupled to  growth equa- 
tions for the subsurface bacterial populations. In this talk 
we will discuss three-dimensional numerical simulation to  
these problems using logically rectangular partitions over 
the domain, and the associated numerical and implemen- 
tational issues. Numerical results will be presented. 
Robert C. Sharpley 
Department of Mathematics 
University of South Carolina, Columbia, S.C. 29208 

Richard E. Ewing 
Institute for Scientific Computation 
Texas A&M University 
College Station, TX 77843-3404 

Qingmi He and Honz Wang 
Department of Mathematics 
University of South Carolina, Columbia, S.C. 29208 

MS37 
Three-Dimensional Numerical Flow Model for Ap- 
plications Involving Bubble Diffusers 
A numerical model has been developed for computing the 
three- dimensional flow and dissolved-gas transport associ- 
ated with bubble diffusers submerged in water. The flow 
solver employs finite-volume (marker-and-cell) discretiza- 
tion on structured curvilinear grids, with second-order up- 
winding for advective terms. Central differencing is used 
for viscous terms, with eddy viscosity obtained from a K- 
Epsilon turbulence model. Bubble plumes are represented 
as cylindrical columns in which an upward buoyant force is 
imposed, directly proportional to  the diffuser airflow rate 
but inversely proportional to  the local depth and rise ve- 
locity of the bubbles. A priori model predictions compare 
well with observed velocities for diffuser experiments con- 
ducted in tanks and reservoirs from 10 to 40 feet deep, as 
will be demonstrated in this presentation. Trans- port pre- 
dictions for dissolved gas await validation in future diffuser 
experiments. 
Robert S. Bernard 
Hydraulic Structures Division 
Waterways Experiment Station 
3909 Halls Ferry Road, Vicksburg, MS 39180-6199 
bernard@HL.wes.army.MIL 

MS37 
Constrained Finite Element Projections for Envi- 
ronmental Flow Models 
In the present study we consider the problem of project- 
ing 'data'to a mesh subject to  local constraints that are 
to  be enforced at the cell or element level. The data may 
arise from experimental measurements, as field data, or 
from computer simulation of some boundary-value prob- 
lem. A corresponding constrained optimization problem is 
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posed and the Schur’s complement system is constructed 
directly and factored to  generate the projections. Numer- 
ical results are presented to  demonstrate the performance 
of the method .The approach has practical value in enforc- 
ing local conservation and future studies will be directed 
to  environmental transport applications. 
G. F. Carev 
ASE/EM DeDt.. WRW 301 I I /  

University of Texas at Austin 
Austin, TX 78712 
carey@cfdlab. ae.ut exas.edu 

G. Bicken 
ASE/EM Dept., University of Texas, Austin, TX 78712 
gurcan@ccwf. cc . utexas . edu 

C. Berger 
Waterways Experiment Station 
Hydraulics Laboratory 
3909 Halls Ferry Rd., Vicksburg, MS 39180-6199 
berger@hl. wes. army.mil 

V. Carey 
ASE/EM Dept., University of Texas at  Austin 
Austin, TX 78712 
varis@cfdlab.ae.utexas.edu 

Two and Three Phase Fluid Systems 
One of the challenges in validating the vadose zone NAPL 
transport models is the measurement of the often rapidly 
changing fluid concentrations in two and three phase sys- 
tems. Most existing measurement techniques are too slow 
to capture the transient flow phenomena occurring during 
spills or rainfall events. We have successfully used syn- 
chrotron x-rays to  measure two and three phase fluid con- 
centrations using x-ray harmonics. We also developed a 
visualization technique using hue and intensity image infor- 
mation to  measure multiphase fluid concentrations. This 
light technique has the advantage of being able to  measure 
a large field rapidly (30 times per second). The disadvan- 
tage of this technique is that it only can be used for silica 
sands that are translucent. In contrast synchrotron x-rays 
can measure fluid contents for any porous media but re- 
quire 5 seconds to  acquire a measurement over a 6 sq. mm 
region. The the application of these techniques to  mea- 
suring rapidly occurring bypass flow phenomena will be 
discussed. 
Dave DiCarlo 
Tim W. J. Bauters, Christophe J.G. Darnault, Barnes R. 
Bierck, Carlo Montemagno, j.-Yves Parlange, and Tammo 
S. Steenhuis 
Department of Agricultural and Biological Engineering 
Cornel1 University, Ithaca, NY 14853 

MS38 
soil Erosion: From the Microscopic to the Macro- 
scopic 

MS37 
Data Assimilation for Circulation Hindcasting on 
Georges Bank 
Georges Bank has been the subject of intense observation 
programs over the past several years. This paper will ex- 
plore the assimilation of CTD and ADCP data into a 3D 
finite element hydrodynamic model with advanced turbu- 
lence closure. Examples of idealized model experiments 
quantify the effectiveness of the approach; a r e d  hindcast 
is displayed and examined. 
Daniel R. Lvnch and Christopher E. Naimie 
Dartmouth College, Hanover, NH 03755 
Daniel.R.Lynch@Dartmouth.edu 

Charles G. Hannah 
Oceadyne Environmental Consultants 
Bedford, Nova Scotia, Canada 

A macroscopic description of erosion can be linked to 
stochastic microscopic processes. The stochastic analysis 
takes into account the random impact of raindrops on the 
soil surface, resulting in grains being dislodged, carried by 
the surface flow and redeposited. The processes are best 
described by a two state Markov process, resulting in two 
standard Chapman-Kolmogorov equations for each grain 
size. Appropriate averaging leads to  a macroscopic erosion 
model. 
I.G. Lisle 
University of Canberra, ACT 2601, Australia 

C. W. Rose and W. L. Hogarth 
Faculty of Environmental Sciences, 
Griffith University, Nathan 4111 Australia 

MS37 P.B. Hairsine 
Numerical Experiment on Wetting and Drying in 
an Estuarine System 
A two-dimensional finite element model was tested for ro- 
bustness and capability of simulating wetting and drying 
conditions by completely emptying and filling the Corpus 
Christi Bay and upper Laguna Madre of Texas with a large 
hypothetical tide of 50 feet applied at the Gulf boundary 
and a very large evaporation rate of 240 inches per day. Ex- 
periences in forcing the gravity term to zero and controling 
the jumping-up nodes are discussed. 
Junii Matsumoto 
Texas Water Development Board, Austin, TX 78711-3231 

CSIRO Division of Soils, Black Mountain 
ACT 2601 Australia 

G.C. Sander 

Griffith University, Nathan 4111 

J.-y. Parlange 

Cornel1 University, Ithaca, NY 14853 USA 
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MS38 
2-Point Spatial Correlation Analysis of Microgeom- 
etry using Photoluminescent Volumetric Imaging 
3-D images data sets of sand structure were generated using 
the Photoluminescent Volumetric Imaging measurement 
technique. Each two dimensional slice measured 3 mm X 

MS38 
Synchrotron X-ray and Light Transmission Tech- 
niques for Visualization of Fluid Concentrat ions in 
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3mm for a total sample volume of 9 mm3. Nine different 
samples with different grain size distributions were mea- 
sured to  investigate the relationship between the microge 
ometrical parameters and the two point spatial correlation 
function. Analytically derived soil properties based upon 
the spatial correlation results were compared to  known mi- 
crogeometrical properties. 
C. D. Montemagno Department of Agricultural and Bio- PS 
logical Engineering Three Dimensional Electromagnetic Geophysical 
Cornel1 University Inversion Using Massively Parallel Computers 

A 3-D non-linear electromagnetic inversion scheme has Ithaca, NY 14853 
been developed to  produce images of subsurface conductiv- 
ity structure from electromagnetic geophysical data. The Y .  Ma Cornel1 University, Ithaca, NY 14853 
solution is obtained by successive linearized model updates 
with full forward modeling employed at each iteration to  S. Ita 
compute model sensitivities and predicted data. Regu- Argonne National Laboratory, Argonne, IL 60439 
larization is incorporated to  provide stability. The code 
has been implemented on massively parallel computer plat- 
forms, and demonstrations will be given on its use for track- 
ing subsurface plumes and imaging hazardous waste sites. 
David L. Alumbau h and Gregory A, Newman 
Sandia National Laboratories 
PO Box 5800 MS 0750 
Albuquerque, NM 87185 
E-mail : dlalumbQsandia.gov 

Box 25046, MS 413, Denver, CO 80225 

Earl V. Edris 
United States Army, Waterways Experiment Station 
3909 Halls Ferry Rd., Vicksburg, MS 39180 

MS39 
A Neural Network Optimization Approach to Au- 
tomate Velocity Estimation for NMO Correction 
We describe a neural network approach for automatic 
NMO corrections that is based on obtaining a set of weights 
that map seismic data into velocities, while NMO correct- 
ing CMP gathers at control locations along a seismic line. 
A coherence measure obtained from the NMO corrected 
data defines the cost function of the problem. In the opti- 
mization, weights of a feedforward NN are updated using a 
global search scheme known as very fast simulated anneal- 

ature dependent. The role of the NN is, once the weights 
have been computed, to  invert for velocities and perform 
NMO correction at CMP locations that lie between the 
control locations. The number of CMP examples required 
to  obtain good interpolation results depends on the corn- 
plexity of the velocity field. 
Carlos Calderon-Macias, Mrinal K. Sen and 
Paul L. Stoffa 
Institute for Geophysics 
University of Texas at Austin 
8701 Mopac Austin, TX 78759 

ps 
Equation Describing Turbulent Tracer Trans- ing (VFSA)+ With VFSA> NN weight updates are temper- port: An Alternative to Parabolic and Goldstein- 

Monin-Gupta Models 
A derivation using the Navier-Stokes equations and a novel 
assumption Yields a compelling equation of motion describ- 
ing turbulent transport of a tracer. The equation lacks Ob- 
jectional aspects of parabolic models regarding wave veloc- 
ity. I t  has advantages also t o  the probabilistic hyperbolic 
models as described by Goldstein, Monin, and Gupta. It 
predicts theoretically appealing tracer wave speeds. Com- 
parisons are made with experimental and CFD data. 
Richard Ammons 
402 E. Beckwith Avenue 
Missoula, MT 59801 
Email: RicAmmons@aol.com PS 

PARMEST, A Universal Code for Parameter Esti- 
mation During Inverse Modeling 
A "universal code" was developed to  provide a generalized 
framework from which parameter estimation could be per- 
formed for a wide variety of models. While developed using 
groundwater flow and transport models, the code can be 
used with any model in any discipline with ascii input and 
output files. The code is written in perl, a programming 
language developed for character string manipulation. This 
language is readily transportable UNIX and DOS 
platforms. PARMEST consists of a driver which calls sub- 
routines that perfom generalized file extraction and preps- 
ration, parameter estimation by multiple regression, and 
printing of regression statistics with which the user can 
evaluate the parameter estimation process. 
Lawrence E. Allen and Eileen P. Poeter 
Department of Geology and Geological Engineering 
Colorado School of Mines, Golden, CO 80401 

Mary C .  Hill 
Water Resources Division 
United States Geological Survey 

PS 
Numerical Methods for Solving the Different In- 
verse problems of the Theory of ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -  
lasticity 
The presentation will describe the numerical methods for 
the solution of the inverse problems for the equations of 
electromagnetoelasticity. w e  consider the case when elec- 
tromagnetic waves are generated by elastic deformations. 
At the Same time, we neglect the reverse influence of the 
electromagnetic field on the elastic oscillations. The SO- 
lutions (the unknown elastic and electromagnetic medium 
Parameters) are Sought bY means of minimization Of the 
different "cost" functions. Results of numerical experi- 
ments will be given to illustrate the efficiency of the meth- 
ods. 
A.V. Avdeev, E.V. Goruynov, V.I. Priimenko 
Computing Center, Institute of Mathematics 
630090, Novosibirsk, Russia 
avdeev@geo.nsu.nsk.su 
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PS 
Inverse Model ing of a Radial ly  Convergent Tracer 
Test in a Sand and Gravel Aquifer  
We describe the analysis of a tracer test in a sand and 
gravel aquifer. Inverse modeling using an existing ana- 
lytical solution for radially convergent transport reveals 
the need to reconsider aspects of this model, including 
the boundary conditions at the injection and discharge 
wells and the initial geometry of the injected pulse. We 
also discuss the problem of parameter nonuniqueness, com- 
pounded by our inability to completely characterize the 
vertical distribution of mass. 
Geoffrey C. Bohling, James J. Butler, Jr., and Carl D. 
McElwee 
Kansas Geological Survey 
1930 Constant Ave., Campus West 
Lawrence, KS 66047 
E-mail: geoff@kgs .ukans .edu 

PS 
Opera to r  Spl i t t ing  and an Inverse P r o b l e m  for the 
Buckley-Leverett Equation 
A 1D operator splitting technique that takes into account 
the correct balance between nonlinear advection and dif- 
fusion is described and used to solve the Buckley-Leverett 
equation. This poster illustrates the importance of this bal- 
ance through a study of an inverse problem. The inverse 
problem consists of estimating the nonlinear flux function. 
B-spline functions are used to represent the unknown ad- 
vective flux term, and saturation profiles are used as ob- 
servation data in the approximation procedure. 
Kari Brusdal 
Department of Mathematics 
University of Bergen 
Johs. Brunsgt. 12 
N-5008 Bergen, Norway 
Email: kari.brusdal@mi.uib.no 

PS 
A Parallel, Au tomat i c  Load-Balancing Implemen-  
tation of a Non-Scaling Dispersion M o d e l  
We present brief background of a novel approach to mod- 
eling dispersion through random processes. The numerical 

' simulation requires a Monte-Carlo approach to integrating 
a function over an infinite-dimensional space. We demon- 
strate the ability of our implementation to be run very ef- 
ficiently in parallel, and its natural ability to balance loads 
when used on heterogeneous networks. 
Jeffrey V. Butera 
North Carolina State University 
Raleigh, NC 27695 
E-mail: jvbutera@eos.ncsu.edu 

PS 
Time-Evolut ion of the Ozone  Layer: Steady- 
State Condi t ions  f rom Irreversible Thermodynam- 
ics Model l ing 
The time-evolution of the stratosphere-troposphere system 
is studied in the framework of the irreversible thermody- 
namics. The Prigogine's Brusselator model is used in order 
to describe the photochemical reactions involving ozone 
and pollutants. The eigen-values equation of the system 

is analytically solved allowing to emphasize its evolution 
trends. The steady-state conditions are esspecially studied 
from the point of view of the balance between the natural 
and anthropogenic sources of pollution. 
Florin Caldararu 
ECOSEN Research Laboratorv Ltd. 
Bucharest, Romania 
E-mail: caldf@pcnet .pcnet.ro 

Stefan Patrascu 
University of Bucharest 
Faculty of Physics, Earth Sciences Department 
Bucharest, Romania 

Mira Caldararu 
ECOSEN Research Laboratory Ltd. 
Bucharest, Romania 

Dan Nicolaescu 
Nagoya Institute of Technology 
Department of Systems Engineering 
Nagoya, Japan 

PS 
Identification of the Microstructure of a Composite 
f rom Effective Dielectric Measurements 
The talk deals with the inverse problem of recovering pa- 
rameters of the microstructure from the effective measure- 
ments of the complex dielectric constant of the mixture. 
The problem can be formulated as a problem of analytical 
continuation of a function of complex variable in the do- 
main of analyticity. We define two microstructures to be 
equivalent if for any values of the dielectric constants of the 
initial materials, the dielectric response of these two mix- 
tures is the same. We show that the microstructure of the 
composite is determined uniquely up to so defined equiv- 
alency if effective dielectric measurements are available in 
a continuous interval of frequencies. Ill-posedness of the 
problem is discussed. The problem has application to es- 
timation of volume fractions of compounds in geophysical 
mixtures, of water content and of amounts of pollutants in 
hydrological and geoenvironmental applications. 
Elena Cherkaeva 
Department of Mathematics 
University of Utah, Salt Lake City, UT 84112 
E-mail: elena@math.utah.edu 

PS 
A Shooting-based Finite Element  Technique for the 
Accurate Computa t ion  of Eigenfrequencies of the 
Earth 
The eigenvalue problem governing the free oscillations of 
the Earth is customarily solved either through the shooting 
technique and numerical integration or by means of finite 
element discretization and numerical methods for the al- 
gebraic generalized eigenvalue problem. The authors pro- 
pose an alternate approach which combines the weighted 
residual formulation of the finite element method with a 
shooting technique. This procedure has been successfully 
applied to the computation of toroidal eigenfrequencies of 
SNREI Earth models. 
Maria I. Corcuera, Francisco J .  Navarro, 
Maria L. Cuadrado, and Jose M. Corrales 
Universidad Politecnica de Madrid 
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Departamento de Matematica Aplicada, ETSI Telecomu- 
nicacion 
Ciudad Universitaria, 28040 Madrid, Spain 
E-mail: fnv@mat.upm.es 

the groundwater provide data for the Bayesian updating. 
We discuss modeling, analysis, and computational issues 
for the approach. 
Ben G. Fitzpatrick 
Department of Mathematics, Box 8205 
North Carolina State University 

PS Raleigh, NC 27695-8205 
CWP Object-Oriented Optimization Library E-mail: bfitzQmath.ncsu.edu 
(COO0 L) 
We have developed COOOL as a tool for studying opti- 
mization problems. COOOL consists of a collection of C++ 
classes, a variety of optimization algorithms, and a collec- 
tion of objective functions. In addition, a user can code 
a customized objective function according to  a simple in- 
put/output model - in any language. COOOL also fa- 
cilitates the development of new optimization and linear 
algebra software because of the reusability of the codes in- 
herited in the object-oriented philosophy. Applications of 
COOOL to  seismic inverse problems will be presented dur- 
ing the speech. 
H. Lydia Deng 
Mobil Technology Company 
Mobil Exploration & Producing Technical Center 
P.O. 650232, Dallas, TX 75265-0232 
E-mail: hldeng@dal.mobil.com 

Wences Gouveia 
Mobil Technology Company 
Mobil Exploration & Producing Technical Center 
13777 Midway Road, Farmers Branch, TX 75244 

John A. Scales 
Center for Wave Phenomena 
Colorado School of Mines 
Golden, CO 80401 

PS 
Petrov-Wavelet-Galerkin Methods for Linear and 
Non-linear Hyperbolic Equations 
We present an extension of the work done by Grotjahn and 
O’Brien [Monthly Weather Review 104: 180-194, 19761 for 
Petrov-Wavelet-Galerkin Methods. We study the error as- 
sociated with simple time discretizations when combined 
with space discretizations by biorthogonal wavelets. Sev- 
eral linear hyperbolic systems, which are representative of 
some typical problems in meteorology and oceanography, 
are considered. The same behaviour of phase and group 
velocities that appears with usual finite differences, also 
holds in the new context under study. The analysis is also 
extended to  nonlinear systems. 
Margarete 0. Domingues and SBnia M. Gomes 
IMECC-UNIC AMP 

PS 
Numerical Studies of the Flow and Saline Intrusion 
in the Estuary of the Gironde 
This paper presents two numerical studies for the circula- 
tion and the saline intrusion in the Gironde Estuary using 
2D X/Y and 3D models. These models were calibrated 
using the observed data for a mean discharge during two 
weeks. The numerical results give us a elaborate knowledge 
on the 2D and 3D hydrodynamical structure of the estu- 
arine circulations and on the processes affecting the saline 
intrusion in the Gironde estuary. 
K.D. Nguyen and Sylvain Guillou 
Laboratoire de M-canique de Caen 
Universit- de Caen 
Esplanade de la Paix, 14032 Caen, France 
E-mail: guillou@meca.unicaen.fr 

PS 
2.5D Finite-difference Modeling of Teleseismic 
Wave form 
Recently Takenaka & Kennett (1996) have proposed a 2.5D 
elastodynamic equation in the time domain for seismic 
wavefields in models with a 2D variation in structure but 
obliquely incident plane waves. We present a time-domain 
velocity-stress finite-difference scheme using the staggered 
grids to  solve this equation, and apply it to calculation 
of teleseismic body waveform by combining the reciprocal 
theorem. This approach simulates 3D seismic-wave propa- 
gation in a 2D heterogeneous near-source structure, which 
requires computation time and memory only slightly larger 
than those of the corresponding 2D calculation. 
Takenaka Hiroshi 
Department of Earth & Planetrary Sciences 
Faculty of Science, Kyushu University 
Fukuoka 812-81, Japan 
E-mail: takenaka@geo.kyushu-u.ac.jp 

Okamoto Taro 
Department of Earth & Planetrary Sciences 
Tokyo Institute of Technology 
Ookayama 2-12-1, Tokyo 152, Japan 
E-mail: taro@geo.titech.ac.jp Caixa Postal 6065 

Campinas, SP, Brazil 
E-mail: margaret@ime.unicamp.br 
soniag@ime.unicamp. br 

PS 
Bayesian Prediction in Contaminant Transport 
we present Some Bayesian statistical methods for quan- 
tifying uncertainty in contaminant transport predictions. 
Prior information for the advective groundwater velocity 
is Obtained through random process modeling Of the hY- 
draulic conductivity, and samples of the contaminant in 

t ially Non-Oscillatory (ENO) methods will be presented. 
Most E N 0  methods use an adaptive interpolation scheme 
to select a finite difference stencil in order to approximate 
spatial derivatives. A number of proposed ENO meth- 
ods yield high resolution approximations to solutions of 
problems with piecewise linear initial data (i.e. the R i e  
mann Problem), but tend to introduce numerical ezpcpansion 

PS 
A Modified E N 0  Method for First Order Hyper- 
bolic Systems 
A modified method based on Harten and Osher’s Essen- 
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shocks near local extrema of smooth solutions. The met.hod 
that will be presented uses a standard adapting procedure 
to  detect smooth regions and then uses the change in stencil 
to  select the appropriate finite difference value (based on a 
number of possible expansions of the solution). The result 
is a method that reduces both numerical dispersion (oscilla- 
tions) and reduces numerical expansion shocks with little or 
no increase on computational complexity. Approximations 
to  higher dimensional problems (based on Strang Split- 
ting techniques) and approximations to  absorbing bound- 
ary conditions will also be presented. 
Robert H. Hoar 
Department of Mathematics 
University of Wisconsin, La Crosse 
La Crosse, WI 54601 
E-mail hoar@math.uwlax.edu 

PS 
Domain Decomposition for for Two-Phase Flow in 
a Porous Medium with Two Rock Types 
A porous medium with two rock types is a heterogeneous 
medium where not only porosity and absolute permeabil- 
ity change from one subdomain to  the other but also rela- 
tive permeability and capillary pressure curves. In such a 
medium we consider an incompressible two-phase flow that 
is modelled using the global pressure. Writing physical in- 
terface conditions - conservation of each phase and conti- 
nuity of the phase and capillary pressures - leads to  non- 
standard interface conditions. The problem is discretized 
with a generalized cell-centered finite volume method based 
on mixed-hybrid finite elements and we solve the resulting 
problem with domain decomposition. Numerical results 
will be shown. 
J. JaffrQ, J.E. Roberts, and Xuewen Wang 
INRIA-Rocquencourt 
B.P. 105, F-78153 Le Chesnay Cedex, France 
E-mail: Jerome.Jaffre@inria.fr 

PS 
Partial Independence Model for Discrete Markov 
Chains to Describe Cyclical Sedimentation in 
Barakar Rocks of Peninsular India 
Quantitative techniques employing discrete Markovian 
processes have been used by a number of sedimentologists 
to  identify and evaluate stratigraphic trends which often be 
obscured by non-cyclic elements. A discrete Markov chain 
is a reasonable model for facies transitions in which tran- 
sitions is not or cannot be obscured following itself. Such 
chains leads to  a transition matrix with zeros in the main 
diagonal. The stratigraphic trends so deduced is tested 
against a null hypothesis of random succession of sedimen- 
tary facies. Rejection of the null hypothesis imply the pres- 
ence of a Markovian clock in the succession. However, these 
techniques posses serious statistical flaws arising from the 
structuring of facies transition hence random occurrences 
of facies is not an appropriate null hypothesis to  be tested 
to  show the presence of cycles because of definitional con- 
straints. To overcome this, Holm et al., (1986) introduced 
an improved methodology termed as 'partial independence' 
for analysing incomplete matrices to  detect the presence 
and extent of the Markovian clock in stratigraphic facies. 
The present paper applies partial independence model to  
classify two different sets of lithofacies data and in each 
situation the results are readily interpretable in terms of 
depositional environments. Both the data sets were de- 

rived from cored borehole sections through the Barakar 
rocks in the Son-Mahanadi and Koel-Damodar Gondwana 
basins located in the central and eastern peninsular India. 
Results indicate asymmetrical cycles for the former and 
symmetrical in the latter. The ratios of the transition fre- 
quencies support to  the concept of deposition by streams 
of low-moderate sinuosity based on relative proportions of 
fine grained and coarsegrained lithofacies. 
Zahid A. Khan 
Directorate Geology & Mining, U.P. 
'Khanij Bhawan', 2- Way Road 
Lucknow-226001, India 

PS 
A Novel Concept for Numerical Methods for Mul- 
tidimensional Inverse Problems 
A novel concept for numerical treatment of a broad class 
of multidimensional inverse problems will be presented. 
These problems include those arising in geophysics both 
for the wave-like and diffuse-like processes. Numerical ex- 
periments for the diffusion case will be discussed. 
Michael V. Klibanov, Thomas R. Lucas, and Robert M. 
Frank 
Department of Mathematics 
University of North Carolina at Charlotte 
Charlotte, NC 28223 
E-mail: mklibanv@uncc.edu 

PS 
Momentum Transport and Scaling Behavior of 
Flow Normal to the Interface of Dissimilar Porous 
Media 
Characteristics of flow normal to the interface of two differ- 
ently structured porous media are analyzed in terms of the 
fractal structure of disordered media. The scaling results 
for interfacial behavior involve a minimum of three length 
scales. Accordingly, there are several regimes of scaling 
and crossover behavior which are important in modeling 
mass and momentum transport in large-scale and smaller 
scale geologic formations. 
James R. Leith 
Department of Mechanical Engineering 
The University of New Mexico 
Albuquerque, NM 87131 
E-mail: j leit h@slider . unrn.edu 

PS 
On Numerical Multi-Block Grids In Coastal Ocean 
Circulation Modeling 
We present numerical multi-block grids using a coastal 
ocean system (COS) applied to  the Mediterrannean Sea 
(MED) with complicated coastline, bottom topography 
and multi-scale physical features.The MED COS consists of 
the MED model based on the Princeton Ocean Model, nu- 
merical grid generation routines, and a grid package which 
allows the model to be coupled with model grids. The tra- 
ditional, nine-block orthogonal grid, and eight-block curvi- 
linear nearly-orthogonal coastline-following grid are used 
in the study. The numerical solutions with the three grids 
are compared in term of effectiveness. The numerical sim- 
ulations show some MED basic physical features. 
Le Npoc Lv 
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PS 
Applications 
of the Domain Decomposition Method for Mixed 
Finite Element Approximations on Non-Matching 
Grids in Groundwater Modeling 
A method for the numerical simulation of the fluid flow 
in porous media is described. The technique suggested is 
based on decomposition of the original domain into non 
overlapping subdomains. A triangulation of each subdo- 
main is done independently which results in non-matching 
grids on the interfaces between subdomains. The problem 
is presented in the macro-hybrid mixed form with Lagrange 
multipliers using the equivalence between mixed finite el- 
ement approximations and nonconforming finite element 
method. The preconditioned Lanczos method is utilized 
as an outer iterative procedure. A block-diagonal precon- 
ditioner is proposed, which is spectrally equivalent to  the 
original saddle point matrix. The preconditioner includes 
blocks for preconditioning subdomain and interface prob- 
lems. Two applications are considered. In the first exam- 
ple the method is tested on the model elliptic problem with 
jumps in the coefficients. The second example presents the 
results of experiments for a problem with sliding subdo- 
mains. 
Serguei Maliassov 
Institute for Mathematics and Its Applications 
514 Vincent Hall 
206 Church Str. S.E. 
University of Minnesota 
Minneapolis, MN 55455 

malyasov@ima. umn . edu 

PS 
Influence of Heterogenities on a Twophase Flow 
Process in a Fracture 
In twophase flow experiments such as an air-injection pres- 
sure test it is preferable to  assign homogeneous properties 
t o  the tested media. We therefore investigated in a nu- 
merical simulation a twophase flow process where water 
was displaced by air in a heterogeneous fracture using the 
computer model TOUGH2. The results were compared to 
results of analogous simulations in a homogeneous fracture. 
The calculations showed qualitatively different behaviour 
in homogeneous and heterogeneous media. The results will 
be characterized and discussed in the presentation. 
Insa Neuweiler and W. Kinzelbach 
Institute of Hydromechanics and Water Management 
Swiss Federal Institute of Technolorn 
Zurich, Switzerland 
E-mail: nw@ihw.baum.ethz.ch 

PS 
Using the Space Transform Method in Geosciences 
The space transform can be used as a numerical method to 
solve complex three dimensional problems in Geosciences. 
I t  has been shown in theory that the original three- 
dimensional problem can be transformed in a set of one- 
dimensional problems where the solution is easier to obtain. 
In this work we present a numerical implementation of the 
method and we discuss the results obtained. The problem 
considered is to  find the solution of the groundwater flow 
equation in a bounded domain, and it is implemented using 
object oriented code. We find that the method works pro- 
vided that enough information at the boundary is included, 
and the accuracy improves as additional information about 
the hydraulic conductivity outside of the domain is given. 
Marc L. Serre 
DeDartment of Environmental Sciences and Engineering 
University of North Carolina, Chapel Hill 
CB 7400, 104 Rosenau Hall 
Chapel Hill, NC 27599-7400 
Email:  marcserre@unc.edu 
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George Christakos and Dionissios T. Hristopulos 
DESE, School of Public Health 
111 Rosenau Hall 
University of North Carolina, Chapel Hill 
Chapel Hill, NC 27599-7400 
E-mail: george-christakos@unc.edu, dionisi-hri@unc.edu 

PS 
Estimating Hydraulic Parameters from a Well 
Model Including Storage Capacity 
We describe a realistic 3-D well model including a stor- 
age capacity and a Signorini boundary condition. Fitting 
this model together with a van Genuchten ansatz for the 
saturated-unsaturated water flow, we derive values for the 
hydraulic parameters from a field pumping experiment. Fi- 
nally, we compare our results with those computed from 
different, classical approaches as well as with the Tracer 
test experiments. 
Stephan Schumacher, Maribn SlodiEka 
Department of Computer Science, 
University of the Federal Armed Forces Munich, 
85577 Neubiberg, Germany 
E-mail: marian@informatik.unibw-muenchen.de 

and Uwe Jaekel 
Institute of Chemistry and Dynamics of the Geosphere 4 
Research Centre Juelich 
52425 Juelich, Germany 

PS 
Finite Element Analysis for Predicting the Rock 
Failures Around the Wellbore 
The main issue discussed in this is about rock failures 
around wellbore in a saturated oil reservoir. Over the years, 
many studies have been conducted for investigating this 
phenomenon by using different model and solutions. For 
this study, a numerical model based on the Finite Element 
Method (FEM) was used for simulating three-dimensional 
three-phase flow in a deforming saturated reservoir. Other 
than that, an elastoplastic soil model based on Mohr- 
Coulomb yield surface was utilized. From the model de- 
scribed above, several case studies were carried out. Pa- 
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rameters that contribute to  the stability of rock such as 
Young’s Modules (E) and Poison’s ration (v) were varied 
to  study its effect on the rock failure and the sensitivity of 
those factors. Several simulation run have been carried out 
to  study the effect of reservoir drawdown on the rock failure 
occurrence. Finally, the simulation results were analysed 
by using a post-processor called MATLAB where graphic 
visualization analysis can be obtained. This graphic aided 
analysis enables us to get a better understanding on the 
rock failure problem in a shorter time given compared to 
the time spent for interpreting the results from hundreds 
of thousand’s computer output lines. 
Yahya Rin Sukirman and Lim Ah Ho 
Universiti Teknologi Malaysia 
Department of Petroleum 
Locked Bag 791 
80990 Johor Bahru, Malaysia 
Fax: 07-5581463 

PS 
Global Optimization for Identifying Unknown Pa- 
rameter Zone Configuration of Distributed Param- 
eter Systems 
We consider distributed parameter systems such as ellip- 
tic partial differential equations that contain a spatially 
varying unknown parameter. The state variable and the 
unknown parameter are observed at a limited number of 
locations. Identifying the spatial distribution of the param- 
eter based on such observation data is known to  be very 
ill-conditioned. We assume that the unknown parameter 
is spatially distributed in several zones where it takes on 
constant values. We also assume that at least one point of 
each zone is observed. We then adopt a global optimization 
technique such as a genetic algorithm that incorporates 
the given a prior information to  identify the unknown zone 
configuration. Examples are presented to  show feasibility 
of our special global optimization procedure for such dis- 
tributed parameter identification problem. This method is 
applicable, in partivular, to  flow and solute transport in 
any porous medium. 
Min Sun 
Depatment of Mathematics 
University of Alabama 
Tuscaloosa, AL 35487 
E-mail: msun@gp.as.ua.edu 

PS 
Method-of-lines Solution of Richards’ Equation 11: 
Two Space Dimensions 
We consider the method of lines solution of Richards’ equa- 
tion in two space dimensions and how the underlying ODE 
or DAE solver may need to  be modified. There are added 
difficulties when solving this problem in higher dimensions 
that are not present in one space dimension. These include 
choosing an iterative linear solver, selection of the forcing 
term, and monitoring the conditioning of the Jacobian ma- 
trix to  avoid premature termination of the corrector itera- 
tion. 
C. T. Kelley, M. D. Tocci 
Center for Research in Scientific ComDutation 
Department of Mathematics, Box 8265 
North Carolina State University, 
Raleigh, NC, 27695-8205 
E-mail: mdtocci@eos.ncsu.edu 
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PS 
The Effect of Immobile Water on Gas/Gas Mixing 
in Porous Media 
We extended the one-dimensional convection-dispersion 
equation with a gas-liquid mass transfer term. The ana- 
lytical solution and numerical calculations of the response 
on a step function show two regimes where gasjgas mix- 
ing is induced. In the slow mass transfer regime we see 
an exponential response profile in which mixing increases 
with the Damkohler number. In the fast regime the mix- 
ing is Fickian and decreasing with increasing Damkohler 
numbers. For the fast regime we introduce an effective dis- 
persion coefficient, depending on the Damkohler number, 
gas solubility and water saturation. 
Marco L. Verlaan and Cor P.J.W. van Kruijsdijk 
Delft University of Technology 
Department of Applied Earth Sciences 
Petroleum Engineering section 
Mijnbouwstraat 120, 2628 Rx Delft, The Netherlands 
E-mail: M.L .Verlaan@ta.tudelft . nl 

PS 
Optimal Control of Displacement Fronts in Porous 
Media 
We consider a model problem, involving the displacement 
of fluid 1 from a 2-D porous medium by the injection of 
another fluid 2 injected at two different point sources (in- 
jection wells) A and B. Fluid 1 is produced at a point sink 
(production well) C. For simplicity, we assume that the flu- 
ids are miscible and of equal viscosities ( M  = 1, where A4 
is the viscosity ratio), and neglect dispersion and diffusion. 
We further assume that the total injection rate from the 
two point sources is constant, q A ( t )  +qp,(t) = q.  The prob- 
lem analysed in this paper is to  find the optimal injection 
rate at point A as a function of time, q;*‘(t), which will 
maximize the displacement efficiency at “breakthrough”, 
namely at the time when the injected fluid first arrives a t  
the production well. This is a problem in flow control, the 
dynamics of which are dictated by potential flow in an ar- 
rangement of three sources and sinks. The problem can be 
generalized to heterogeneous porous media involving fluids 
of different viscosities and more sources-sinks. For the case 
M = 1 and homogeneous media, the problem can be formu- 
lated analytically. We use optimal control theory to  show 
that the optimal injection policy is “bang-bang” , namely 
it involves injection at rate q only from well A (taken as 
the most distant well), followed by a switch at time t* of 
injection at rate q from well B only. The properties of the 
switch time are analysed. More generally, we show that 
“bang-bang” control also governs the optimal front dynam- 
ics in displacements in heterogeneous porous media and for 
M # 1, provided that dispersion, capillarity (in the case of 
immiscible fluids) or gravity are negligible. However, ana- 
lytical results are not possible and the use of a numerical 
simulator is required in such cases. Experiments involving 
injection in a Hele-Shaw cell are also reported that test the 
optimal control theory. 
Bagus Sudaryanto and Yannis C. Yortsos 
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