


A wealth of information regarding the  
Bureau of Economic Geology can be found at our 
Website, http://www.beg.utexas.edu. Here you can learn  
about every aspect of the Bureau’s mission, its research, 
public services, and staff. Download what you need.

When you visit our Website, you can check 
upcoming events, read about recent research awards  
and honors, learn about the Bureau’s large collection  
of rock cores and well cuttings, and  
contact any Bureau researcher or staff member by using 
his or her office e-mail address or telephone or fax 
number. You can review titles and authors of past and 
present Bureau publications—and then place an order.

Teachers and students can view earth science 
projects, print directions and then follow them in a  
Do-It-Yourself Aquifer Demonstration, determine whether Dirt Is Just Dirt, or study the 
Texas Rock Cycle. The Bureau’s Website also contains links to State, Federal, and industry 
organizations, as well as geologic and earth science resources. Visit us at www.beg.utexas.edu.

FOREWORD

ON THE WEB

The Bureau of Economic Geology, established in 1909 as the successor to the  
Texas Geological Survey and the Texas Mineral Survey, is a research unit of  
The University of Texas at Austin. It also functions as the State Geological Survey,  
the Bureau Director representing Texas in the Association of American State Geologists.

Extensive advisory, technical, and informational services relating to the resources and 
geology of Texas are provided by the Bureau. In addition, the Bureau conducts basic and 
applied research projects in energy resources, mineral resources and statistics, coastal and 
environmental studies, land resources, geologic mapping, and a variety of other research 
programs in areas such as hydrogeology, basin analysis, and geochemistry. Some projects 
are conducted jointly with other units of the University, as well as with industry and with 
State, Federal, and local agencies.

The Bureau provides ongoing services to governmental agencies, including reviews  
of (1) environmental impact statements that are submitted to the Office of the Governor  
of Texas and (2) permit applications that are submitted to the Surface Mining and 
Reclamation Division of the Railroad Commission of Texas.

Major reports of the Bureau are published in The University of Texas Publication  
series; its own series includes Reports of Investigations, Geologic Quadrangle Maps,  
Geologic Atlas Sheets, Environmental Geologic Atlases, Guidebooks, Handbooks,  
Geological Circulars, Mineral Resource Circulars, and other publications. Publications are 
sold for a nominal price to recover printing costs. A complete list of publications  
is available on request.

The Comprehensive Report of the Bureau of Economic Geology outlines the scope  
and status of current research projects, publications, personnel activities, and services 
in the area of Texas resources and geology that are available to governmental agencies, 
industry, and the public.
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Bureau research scales the heights and plumbs the depths of the Earth.

The Comprehensive Report is a record of Bureau research projects and 
professional activities of Bureau staff during the calendar year. Additional 
information about Bureau research and researchers, news items, funding,  
and awards can be found in the Bureau’s Annual Report and Midyear Report. The 
List of Publications contains titles of all Bureau publications, brief descriptions 
of new publications, and information regarding placing orders. These reports are 
available on request.
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RES EARCH AT THE BUREAU

ENERG Y
 BASIC ENERGY RESEARCH

Applied Geodynamics Laboratory (AGL)
Martin P. A. Jackson and Michael R. Hudec, 
co-principal investigators; Timothy P. Dooley, 
laboratory manager, Joe Cartwright, Lesli J. Wood; 
Peter R. Cobbold (consultant); assisted by Nancy 
Cottington, Rong Li, and Patricia Montoya

AGL research on salt tectonics during 2005 
included further work on new modules of a 
digital atlas, fundamental geologic research 
on several 3-D seismic volumes, and tectonic 
modeling.

Integrated structural-stratigraphic research 
was carried out on several volumes of 3-D 
seismic data from the deep-water Gulf of 
Mexico. AGL researchers continued to explore 
(1) mechanisms of advance for salt canopies 
along the abyssal Sigsbee Escarpment and 
(2) origin and evolution of minibasins above 
the salt canopy. In addition, interpretation 
began on deep-water Messinian salt tectonics 
in offshore Israel.

The physical modeling laboratory was further 
upgraded. We installed a high-resolution laser 
scanner to capture model topography, partially 
constructed a third custom-made deformation rig, 
improved the serial-sectioning rig, and refi ned 
the digital capture systems. Modeling focused 
on the rejuvenation of diapirs by squeezing and 
on the suturing of salt canopies.

Researchers completed work on the Cenozoic 
uplift history of the Kwanza Basin, Angola, and, 
along with Christopher Harrison (Geological 
Survey of Canada), continued analyzing data 
collected from the Sverdrup Basin of Arctic 
Canada.

The Salt Mine, a browser-based, interactive 
atlas of salt tectonics, features a comprehensive 

collection of salt-structure images and the best 
models produced during the lab’s 18-year 
history. Five new atlas modules were completed 
on the topic of allochthonous salt tectonics, and 
drafting is well advanced on the modules for 
extensional salt tectonics. The atlas is available 
to AGL sponsors only.

Fault Intensity around Exposed Diapirs
Martin P. A. Jackson, principal investigator; 
John Hooker, Tim Dooley

This pilot study measured fault intensity 
around well-exposed evaporite diapirs that have 
variable fault intensities and that are located 
in a tectonic setting of mild shortening. The 
project tested practical methods of fault analysis 
and produced a data set for fault intensity at 
various distances around the diapirs. The faults 
formed partly from local doming, partly from 
regional tectonics, and partly from closure of a 
diapir stem. We analyzed a full range of fault 
intensities progressively outward from the diapir 
contact. The data yield quantitative measures of 
fault length, spacing, and orientation. Results 
provide a quantitative basis for estimating fault 
intensity in subsurface salt diapirs, especially in 
seismically poorly imaged regions.

Quantitative Clastics Laboratory 
Industrial Associates Program (QCLIA)
Dr. Lesli J. Wood, Principle Investigator

The primary goal of the project is quantitative 
analyses of deep-marine, shallow-marine, 
and fluvial/ deltaic systems morphology and 
character in order to provide quantitative 
models and morphometric data on reservoir 
architecture, as well as models for predicting 
change in the nature of reservoirs and learning 
about the processes involved in their deposition 
and preservation.  

To examine systems from source to sink, 
across depo-system boundaries, the project 
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team acquires both small  (hundreds of 
square kilometers) and large (thousands of 
square kilometers) 3-D seismic data sets. The 
seismic is investigated using techniques 
that employ conventional seismic sequence 
framework development, quantitative seismic 
geomorphologic analyses, attribute analyses, 
export and harvesting of morphologic information 
in ArcGIS and ErMapper, and export of these data 
for statistical analyses of temporal and spatial 
distribution and relationships. Morphometric 
data are harvested and analyzed as well. The 
team also works with a significant historical 
archive of outcrop observations from field 
studies and conducts new field analyses. Results, 
collected on shallow-marine and fluvial systems 
of the U.S. Western Cretaceous outcrops, as 
well as shelf systems and deep-water deposits 
of northern South America, consist of thousands 
of detailed facies and lithology measurements, 
integrated with more than 100 km of detailed 
architectural drawings from photopanoramic 
images. Data sets include significant subsurface 
logs integrated with outcrop data, as well as 
facies porosity, permeability, and velocity 
measurements. These data are being harvested 
for the morphologic information that they 
document. Both seismic- and outcrop-derived 
data form the basis for probabilistic models 
of reservoir occurrence, character, and 
evolution. Three-dimensional visualizations of 
these research results are conveyed to members, 
as are statistical data sets and VRML-based 
training modules, and are combined with results 
from published works and previous studies to 
form a larger HTML-based Sedimentary Analogs 
Database (The SAnD Box).

Key questions currently under study by QCLIA 
include (1) How do channels initiate and develop 
in subaerial and submarine settings, and what 
controls their architecture and sedimentology 
under different conditions of formation?  
(2) What role do mass transport complexes play 
in the degradation and fill along shelf margins?  
What is the nature of the material during failure 
events? What are the driving mechanisms of 
mass failure? (3) How do the deposits, behavior, 

processes, and architecture of coarse-grained 
fans differ from those of fine-grained fans?

Exploration Geophysics Laboratory (EGL)
Bob A. Hardage, principal investigator; Milo M.  
Backus, Michael V. DeAngelo, Sergey B. Fomel, Robert J. 
Graebner, Paul E. Murray, Randy L. Remington,  
Diana C. Sava, Paul C. Sava, and Donald E. Wagner

Joint studies with industry sponsors give EGL 
access to onshore multicomponent seismic 
surveys and multicomponent marine data. 
EGL develops multicomponent seismic field-
recording techniques and data-processing 
and data-interpretation procedures that allow 
reservoirs to be imaged using all components of 
the seismic wavefield. The goal is to determine 
the value of independent compressional (P) 
wave and shear (S) wave images of subsurface 
stratigraphy. When P and S images are 
transformed into a depth-equivalent data space, 
researchers gain insight into petrophysical 
properties, pore structure, pore-fluid properties, 
sequence stratigraphic relationships, and spatial 
distributions of lithologies, fractures, and 
anisotropic properties of complex reservoirs.

In 2005, EGL concentrated on applying 
multicomponent seismic data to deep-water gas 
hydrate systems, super-deep gas targets, and 
the segregation of fizz-gas and commercial-gas 
reservoirs.

Fracture Research and Application 
Consortium (FRAC)
Stephen E. Laubach, Randall A. Marrett (Department 
of Geological Sciences, The University of Texas at 
Austin), Jon E. Olson (Department of Petroleum and 
Geosystems Engineering, The University of Texas at 
Austin), co-principal investigators; Julia F. W. Gale, Jon T. 
Holder (Department of Petroleum and Geosystems 
Engineering), Kitty L. Milliken (Department of 
Geological Sciences), Edgar A. Pinzon, and Robert M. 
Reed, assisted by John N. Hooker, Leonel A. Gomez, 
and Meghan E. Ward, in collaboration with Robert H. 
Lander and Linda M. Bonnell (Research Fellows,  
The University of Texas at Austin, and Geocosm)

The FRAC group conducts research to better 
characterize and predict fracture and fault 
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attributes. Selecting the best exploration or 
development strategy for rocks that contain 
fractures can have a huge impact on economic 
success or failure. FRAC research leads to 
new concepts and methods for accurate 
characterization and reliable prediction of 
fracture attributes, which in turn provide 
insights essential for our making well-informed 
exploration and development decisions. 
Many fractures are difficult or impossible 
to characterize adequately using currently 
available technology. Consequently, fractured 
reservoirs have been difficult to describe 
and interpret, posing serious challenges 
to successful exploration or development. 
Practical methods under development by  
FRAC can be used for evaluating individual 
wells or, using data from many wells, identifying 
field- or regional-scale fracture patterns and 
drilling fairways.

FRAC applications are based on advances in 
fundamental understanding of how structures 
develop in the subsurface. Specifically, FRAC 
is investigating interactions of chemical 
and mechanical processes. Recent results 
include linked geomechanical and structural-
diagenet ic  models  that  make accurate 
predictions of fracture architecture that can 
be verified using limited subsurface samples. 
Predictions of interwell fracture patterns from 
these models have been used for designing  
drilling and stimulation programs and for 
input in fluid-flow simulators. Another effort is 
under way to use new fracture characterization 
methods, which overcome the sampling 
limitations that plague conventional methods, 
to calibrate seismic fracture detection methods. 
Currently the project is conducting studies 
in deep sandstone targets in Texas, the  
Rocky Mountain region, and Venezuela and is 
analyzing fractures in carbonate rocks in Texas, 
the eastern United States, and Mexico.

Fluid-Rock-Seismic Technologies (FRST)
James W. Jennings, Jr., principal investigator;  
Mrinal K. Sen, Institute for Geophysics, co-principal 
investigator; Sergey B. Fomel, Paul C. Sava,  
and Mark Tomasso

The Fluid-Rock-Seismic Technologies (FRST) 
research program is a Bureau initiative and 
collaboration between the Jackson School and 
partner companies designed to make material 
improvements in scientists’ ability to assess 
seismic detection of fine-scale reservoir and 
seal elements in subsurface reservoir settings. 
Research is focused on seismic modeling of 
realistic case studies to establish and maintain 
an integrated team of geologists, geophysicists, 
and engineers committed to cross-disciplinary 
research and application.

Researchers will integrate research in 
sedimentology, stratigraphy, rock physics, 
geophysics, and reservoir engineering to 
construct high-resolution models for advanced 
forward seismic modeling and resolution 
analysis. A deep-water, channelized clastic 
model has been developed and is currently being 
used for seismic modeling. The impact of this 
research on subsurface geological interpretation 
and reservoir property quantification will be 
particularly valuable in settings where drilling 
costs are high and well data are sparse.

Outcrop Characterization of  
Clastic Reservoir Analogs:  
Laser-Assisted Analogs of  
Siliciclastic Reservoirs (LASR)
David R. Pyles, principal investigator;  
Renaud Bouroullec, Mark Tomasso, and  
Florence L. Bonnaffé

Launched in January 2004, the LASR IA focuses 
on outcrops of submarine-fan depositional 
systems. Our goal is to contribute new and 
creative ideas so that we can understand complex 
stratigraphic problems in submarine fans. We 
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address questions about landscape evolution, 
stratal preservation, impact of physiography, 
and impact of syndepositional structuring in a 
variety of tectonic settings and temporal and 
spatial scales. Our biggest contribution has 
been advancing our understanding of three-
dimensional shape and architectural bodies by 
integrating lidar (light detection and ranging) 
and conventional outcrop data (stratigraphic 
columns and correlation panels). The lidar 
capture of these outcrops enables an exciting 
and new level of precision in quantification 
of stratigraphy and architectural elements. The 
following outcrop systems were characterized 
during the past year: Ross Sandstone, Ireland; 
Brushy Canyon, West Texas; Annot Sandstone, 
southern France; Capistrano Formation, southern 
California; Ardath-Scripps Formations, southern 
California; and Solitary Channel, Spain. 

Reservoir Characterization  
Research Laboratory (RCRL)
Charles Kerans, F. Jerry Lucia, and James W. Jennings, 
Jr., co-principal investigators; Xavier Janson,  
Jerome A. Bellian, Hongliu Zeng, and Fred P. Wang

Characterization of Touching-Vug Pore 
Systems. In 2005 RCRL started to focus on 
geological and petrophysical characterization 
of touching-vug pore systems. These systems 
are made up of vugs that form their own 
interconnected pore system independent of 
matrix porosity, such as fractures, solution-
enlarged fractures, caverns, and collapse 
breccias. Because touching vugs cannot be 
adequately studied at the core scale, much of 
our research focuses on carbonate outcrops  
and seismic response. A key outcrop study has 
been the rudist reef complex at Pipe Creek, 
Texas. High-resolution CT scans and laboratory 
fluid-flow experiments have been conducted on 
a 1-ft cube of rudist rudstone. Vug-size statistics, 
vug-interconnection geometry, permeability, 
and tracer transport properties have been 
determined for this large sample. In addition, 
two wells were drilled 5 ft apart, and a flow test 

between them was conducted that resulted in 
a permeability calculation of 1,000 md. At the 
100-ft scale, RCRL is studying a Cretaceous road 
cut in Central Texas that contains fractures, large 
vugs, and small caves. In addition, an outcrop 
study of Lower Ordovician karst processes and a 
subsurface study of the Hobbs San Andres field 
were initiated. Hobbs field is known to produce 
from heavily karsted carbonates.

3-D Outcrop Geologic Modeling. Carbonate 
outcrop studies during 2005 focused on carbonate 
margin and slope architecture. A 3-D model of 
the shelf margin Pennsylvanian algal mounds, 
Sacramento Mounts, was constructed using lidar 
images, photos, and measured sections. Outcrop 
studies of slope depositional systems and their 
reservoir architectures centered on the Devonian 
of Australia and the Guadalupian of West 
Texas. In addition, we have delineated a series 
of styles of slope sedimentation and reservoir 
development that looks at a process/product 
classification of platform-to-basin transitions. In 
2005 we also completed 3-D images of three 
outcrops—Victorio Canyon, Lawyer Canyon, 
and Painted Canyon—using lidar images and 
both deterministic (categorical kriging) and 
stochastic (Gaussian simulation) approaches to 
model facies distribution. These models will be 
entered into the new RCRL database for easy 
access by sponsors.

 Integrated Seismic Program. The seismic 
program in 2005 focused on detecting vuggy 
porosity using seismic. The study area was 
the Lawyer Canyon outcrop in the Guadalupe 
Mountains, which contains a thick bed of 
moldic grainstone interbedded with nonvuggy, 
grain-dominated and mud-dominated units. 
Initial results suggest that the moldic grainstone 
behaves seismically similar to low-porosity 
zones and that additional information on the 
likely location of moldic grainstones is needed 
before they can be defined using seismic. 
However, moldic pores have a higher Vp/Vs 
ratio, and, using AVO, moldic horizons might 
be able to be detected and mapped.
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Petrophysical Modeling. RCRL continues to 
develop new methods for quantifying stratigraphic 
models using petrophysical properties. A major 
problem has been characterizing old fields that 
have only gamma-ray neutron-log suites. A new 
rock-fabric method for estimating permeability 
and original water saturation using only porosity 
logs has been developed. In this method, basic 
rock fabric petrophysical classes are calibrated 
with facies used to build the stratigraphic mode. 
Permeability and original water saturation can 
be calculated using petrophysical class from 
stratigraphic relationships and porosity from 
wireline logs.

Assessing Deep-Water Gas Hydrate  
Systems and Seafloor Stability
Bob A. Hardage, principal investigator,  
and Diana C. Sava

New rock physics models have to be 
developed to describe deep-water gas hydrate 
systems. These models must allow the host 
sediment to have (1) porosities as high as 70 per- 
cent, (2) effective pressures as low as 0 to 
0.2  MPa, and (3) a variety of hydrate-distribution 
geometries within the sediment matrix. The 
objective of this Jackson School Initiative funding 
is to develop rock physics models appropriate 
for deep-water environments and then to apply 
these models across selected deep-water gas 
hydrate systems.

Processing and Modeling  
Proprietary 2D4C OBC Data
Bob A. Hardage, principal investigator,  
Milo M. Backus, Robert J. Graebner, Paul E. Murray, 
Randy L. Remington, Michael V. DeAngelo, and  
Diana C. Sava

The Minerals Management Service (MMS) 
has contracted the Exploration Geophysics 
Laboratory (EGL) to process and inverse model 
approximately 800 mi of deep-water 2D4C 
seismic data across the northern shelf of the 
Gulf of Mexico. Objectives are to provide 
MMS improved images of deep-water, near-

seafloor geology and estimates of gas hydrate 
concentration across the 1,500 mi2 spanned 
by the seismic grid. Information generated by 
EGL will be incorporated into MMS’s regional 
assessment of gas hydrate resources across the 
northern Gulf.

Statoil Deep-Water Data
Bob A. Hardage, principal investigator,  
Milo M. Backus, Robert J. Graebner, Paul E. Murray, 
Randy L. Remington, Michael V. DeAngelo,  
Paul C. Sava, Diana C. Sava, and Sergey Fomel

Statoil is a sponsor of the Exploration 
Geophysics Laboratory (EGL). After observing the 
unique strategy EGL uses to image deep-water, 
near-seafloor geology with 4C OBC data and 
the imaging concepts that Paul Sava and Sergey 
Fomel have developed, Statoil contracted EGL 
to analyze a proprietary deep-water 2D4C OBC 
line from far-north waters. The line location and 
multicompany ownership of the OBC data are 
unknown. EGL will use two suites of software to 
produce the products that Statoil has requested. 
Software system 1 will analyze and image near-
seafloor data windows. Software system 2 will 
analyze and image deep geology.

Assessing Deep-Water Gulf of 
Mexico Gas Hydrate Systems with 
Multicomponent and Multifrequency 
Seismic Data
Bob A. Hardage, principal investigator;  
Milo M. Backus, Robert J. Graebner, Paul E. Murray, 
Randy L. Remington, and Diana C. Sava

The Exploration Geophysics Laboratory (EGL) 
is a sub-contractor to Louisiana State University 
in this study. Research is funded by the U.S. 
Department of Interior, Minerals Management 
Service. The study will investigate several 
seafloor fluid-gas expulsion sites in the deep-
water area of Green Canyon in the northern 
Gulf of Mexico. Sites will be selected that are 
traversed by one or more of WesternGeco’s 
deep-water, multiclient, 4-C OBC seismic lines. 
Multifrequency imaging of gas hydrate systems 
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associated with these expulsion chimneys will be 
done by acquiring 2- to 10-kHz chirp-sonar data 
using an autonomous underwater vehicle (AUV)  
and 500- to 2,000-Hz data using the Naval 
Research Laboratory Deep-Towed Acoustic/
Geophysics System (DTAGS). These AUV and 
DTAGS images will then be compared with 
4-C OBC images along each profile that is 
analyzed.

Processing and Interpreting 
Multicomponent Seismic Data:  
Gulf of Mexico Seafloor Observatory 
Bob A. Hardage, principal investigator;  
Sergey B. Fomel, Paul E. Murray, and Paul C. Sava

The Exploration Geophysics Laboratory 
(EGL) is a subcontractor to the Mississippi 
Mineral Resources Institute (MMRI) in this study. 
MMRI has received funding from a variety 
of sources (DOE, MMS, NOOA) to construct 
a seafloor observatory across a gas hydrate 
system in Mississippi Canyon Block 118. EGL’s 
responsibilities are to process and interpret 
seismic data acquired by the horizontal and 
vertical arrays of 1-C and 4-C seismic sensors 
that will be deployed across the observatory. 
Downgoing P waves from four types of sources 
will be used to illuminate gas hydrate strata: 
conventional surface-positioned air-gun arrays, 
noise from passing ships, wind-driven ocean-
surface waves, and seafloor-deployed air-gun 
sleds. Data will be acquired in a continuous, 
round-the-clock mode when wind-driven surface 
waves are the imaging source. Data acquisition 
will be repeated at appropriate calendar-time 
intervals to investigate dynamic processes that 
occur in gas hydrate systems.

Elastic-Wavefield Seismic Stratigraphy:  
A New Seismic Interpretation 
Technology
Bob A. Hardage, principal investigator;  
Milo M. Backus, Khaled Fouad, Robert J. Graebner, 
Jeffrey A. Kane, and Diana C. Sava

The Exploration Geophysics Laboratory (EGL) 
is partnering with Fasken Oil and Ranch Ltd. 

and Vecta Technology to develop a new seismic 
interpretation technology, Elastic Wavefield 
Seismic Stratigraphy. This technology is based 
on the physics that each mode of an elastic 
wavefield can, and often does, image a suite 
of stratal surfaces different from those imaged 
by its companion elastic modes. Shear (S) 
modes can image seismic sequences and 
facies not observed in the compressional (P) 
mode, which is the only elastic-wave mode 
used in conventional seismic stratigraphy. In a 
homogeneous Earth, a full-elastic (9-component) 
seismic wavefield yields three S-wave modes: 
SH-SH (horizontal shear), SV-SV (vertical shear), 
and P-SV (converted shear). In an anisotropic 
Earth, each of these S modes splits into S1 
(fast-S) and S2 (slow-S) modes controlled by 
the principal axes of anisotropy. Thus, there is 
a rich source of stratigraphic information in a 
full-elastic wavefield that is not being utilized 
in conventional P-wave seismic stratigraphic 
studies. The objectives of this research are to 
create compelling examples that prove that 
different stratal surfaces are imaged by different 
elastic-wave modes, to develop systematic 
relationships between petrophysical properties 
and combinations of elastic-mode sequences 
and facies, and to demonstrate how this new 
seismic imaging technology should be applied 
to improve geologic understanding of oil and 
gas systems.

Exploring for Subtle Mission Canyon 
Stratigraphic Traps with Elastic-
Wavefield Seismic Technology
Bob A. Hardage, principal investigator; Milo M. 
Backus, Michael V. DeAngelo, Robert J. Graebner, 
Jeffrey A. Kane, Paul E. Murray, and  
Diana C. Sava

This study is funded by the U.S. Department of 
Energy and Vecta Exploration. In its subcontract 
to Vecta Exploration, Inc., the Exploration 
Geophysics Laboratory (EGL) is developing a 
new seismic technology to explore for subtle 
Mission Canyon oolitic limestone reservoirs in 
the Williston Basin. This technology will be based 
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on acquisition and application of full-elastic 
(9-component) seismic data. Mission Canyon 
reservoirs are elusive targets when exploration is 
based on conventional compressional (P) wave 
seismic data. The attraction of 9-component 
(9-C) seismic data is that three shear (S) wave 
modes can also be used for target imaging: SH-
SH (horizontal shear), SV-SV (vertical shear), 
and P-SV (converted shear) modes. Work at 
EGL has shown that each mode of an elastic 
wavefield can, and often does, image stratal 
surfaces across a target interval differently than 
do other elastic modes. Thus, any of the S modes 
can depict seismic sequences and seismic 
facies that are not observed using P waves. 
This rich, expanded source of stratigraphic and 
lithofacies information in full-elastic seismic 
wavefields needs to be utilized in Mission 
Canyon exploration. The objectives of this 
study are to acquire, process, and interpret 
9C3D seismic data across Mission Canyon 
plays, develop relationships between drilling 
objectives and elastic-wavefield attributes, drill 
confirmation wells, and then share research 
findings so that full-elastic seismic technology 
can be applied to improve oil exploration across 
other areas.

Imaging Deep Gas Prospects Using 
Multicomponent Seismic Technology
Bob A. Hardage, principal investigator;  
Milo M. Backus, Michael V. DeAngelo,  
Sergey B. Fomel, Khaled Fouad, Robert G. Graebner,  
Paul E. Murray, Randy L. Remington, and Paul C. Sava

Operators across the Gulf of Mexico (GOM) 
are targeting deeper and deeper drilling 
objectives. For deep targets to be evaluated, 
seismic data are required that have longer and 
longer source-receiver offsets. Most shallow-
water operators in the GOM consider 30,000 ft 
(9 km) to be the greatest target depth to be 
drilled for the next several years. For geology at 
depths of 9 km to be imaged, seismic reflection 
data must be acquired with offsets of 9 km or 
more.

This long-offset requirement is difficult 
to  achieve us ing towed-cable  se ismic 
technology in areas that are congested by 
production facilities, which is the situation 
for  many shal low-water  blocks  across 
the northern GOM shelf. Ocean-bottom- 
cable (OBC) and ocean-bottom-sensor (OBS) 
technologies are logical options for long-
offset data acquisition in congested production 
areas because ocean-floor sensors, once 
deployed, are immobile and can be positioned 
close to platforms, well heads, and other 
obstructions that interfere with towed-cable 
operations. An additional appeal of OBC 
seismic technology is that four-component  
(4-C) data can be acquired, allowing targeted 
reservoir intervals to be imaged with P-SV 
wavefields, as well as P-P wavefields. Once  
4-C seafloor receivers are deployed, source 
boats can maneuver along a receiver line to 
generate P-P and P-SV data from long-offset 
distances.

This research is designed to investigate the 
value of long-offset, multicomponent seismic 
data for studying deep-gas geology across the 
northern shelf of the GOM. The term long 
offset means that 4-C OBC data are processed 
using uniformly sampled source-receiver offsets 
ranging from 0 to 10 km. The study area is a large, 
3,200-mi2 (8,200-km2) section of the Louisiana 
shelf noted for prolific gas production. Data 
consist of parallel north-south and parallel east-
west 2-D4C profiles spaced at intervals of 2 mi. 
P-P and P-SV images produced from these long-
offset reflection data are interpreted to determine 
the relative depth-imaging capabilities of each 
seismic mode. Analysis of these long-offset data 
shows that the P-P mode contains reflection 
signals from depths of 60,000 ft (18 km), which 
is deeper than any reported seismic reflection 
effort in the GOM basin. Equally important, the 
critical P-SV mode has a reflection signal from 
depths of 42,000 ft (13 km).
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Devine Test Site
Bob A. Hardage, principal investigator; Milo M. Backus, 
Robert J. Graebner, and Paul E. Murray; George T. Bush, 
site manager

The Devine Test Site, managed by the Bureau’s 
Exploration Geophysics Laboratory, continues 
to gain recognition within the geophysical 
community. The low level of cultural noise 
at the site and efficient seismic transmission 
properties of the strata beneath the 100-acre 
property provide ideal conditions for testing and 
developing new seismic technology. Information 
about the Devine Test Site, including an 
inventory of publicly available data acquired 
by its previous owner, British Petroleum, and 
conditions for use by nonuniversity individuals, 
can be found on the Bureau’s Website at  
www.beg.utexas.edu/indassoc/egl.

Multiple Elimination Using  
Plane-Wave Construction
Sergey B. Fomel, principal investigator

We are developing theory, numerical 
algorithm, and prototype implementation for a 
new method of multiple noise discrimination in 
seismic records. The method is based on plane-
wave construction and shaping regularization. 
It is applicable to both prestack unmigrated 
gathers and depth-migrated common image 
gathers. 

Our algorithm is designed to separate primary 
and multiple events cleanly by identifying and 
discriminating local event slopes. It is able to 
input multiple models generated by different 
methods, such as surface-related (SRME) or 
wave-equation (WE) approaches, and to handle 
a situation of several multiple sets, such as 
different-order multiples in SRME or receiver-
side and source-side multiples in WE.

Differential Azimuth II
Sergey B. Fomel, principal investigator

We are developing theory, numerical 
algorithm, and prototype implementation of 
differential azimuth moveout, a powerful new 

method for regularizing 3-D seismic reflection 
data.

In theory, differential azimuth moveout is 
represented by a partial differential equation, 
whose role with respect to integral (Kirchhoff) 
azimuth moveout is similar to the role of 
the wave equation with respect to Kirchhoff 
migration. In practice, we anticipate differential 
azimuth moveout to behave as a compact, local, 
accurate, and efficiently computed regularization 
operator. The operator is applied iteratively to 
produce regular output from irregular input.

Petrophysical Analysis of 
Multicomponent Seismic Data
Sergey B. Fomel, principal investigator

We are developing new technology for 
improved multicomponent seismic data 
analysis. The technology is based on creating 
angle gathers for both P-wave and S-wave 
amplitude-versus-angle (AVA) analysis using 
power fu l  new wave-equat ion imaging 
approaches. Unlike traditional amplitude-versus-
offset (AVO) gathers, AVA gathers operate 
directly in true reflection angle coordinates, 
providing a direct assessment for inverting  
P-wave and S-wave reflectivity for seismic 
lithology, porosity, and pore fluid content. A 
joint inversion of multicomponent data in true 
angle coordinates opens up new possibilities 
for direct detection of natural gas resources 
by discriminating between oil, water, and gas 
content in complex reservoirs during both 
exploration and production. The technology 
facilitates exploration in complex geologic areas, 
improves oil-and-gas reservoir characterization, 
increases accuracy of petrophysical attributes 
estimation, and decreases higher costs of 
exploratory drilling and failed secondary-
recovery injection projects. 

Utilizing 3-D wave-equation migration for 
seismic imaging is a new approach that has 
shown great promise in imaging complex, deep-
water Gulf of Mexico structures. Previously 
only so-called Kirchhoff methods could be 
used to generate common-reflection-point 
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(CRP) gathers in offset domain and iteratively 
improve the velocity model used for imaging. 
Recent research has established a new approach 
to generating angle-domain common image 
gathers (ACIG) directly using 3-D wave-equation 
methods. ACIG’s can be used to update the 
initial velocity model, and they form the basis 
for a novel method of 3-D amplitude analysis. 
This technology can be used for gas exploration 
in deep complex structures over 10,000 ft, 
where conventional, single-traveltime-arrival 
Kirchhoff imaging fails to provide an accurate 
structural image, and wave-equation imaging 
provides much higher structural resolution 
and amplitude fidelity. The geophysicist can 
then obtain higher resolution petrophysical 
information, linking accurate seismic amplitude 
to reservoir properties such as porosity, sand/
shale content, water/oil saturation, Vp/Vs ratio, 
etc. 

Seismic Imaging by  
Riemannian Wavefield Extrapolation
Sergey B. Fomel, principal investigator

We are developing theory, numerical 
algorithm, and prototype implementation of 
seismic imaging by Riemannian wavefield 
extrapolation (RWE). RWE was proposed by Sava 
and Fomel (2004) for imaging steeply dipping 
and overturning reflections in geologically 
complex exploration areas, such as deep subsalt 
structures in the Gulf of Mexico.

RWE belongs to the class of wave-equation 
extrapolation methods that are known to 
accurately handle large-velocity contrasts, 
multipathing, and band-limited wave propagation 
effects. Instead of conventional downward 
extrapolation, RWE employs coordinate 
transformation to extrapolate waves numerically 
in a direction close to the preferential direction 
of natural wave propagation. As a result, one 
can accurately image large propagation angles, 
including overturning salt-flank reflections, 
using inexpensive extrapolation operators.

JSG Structural Diagenesis
Stephen E. Laubach and Randall A. Marrett, principal 
investigators; Kitty L. Milliken, Jon E. Olson, and  
Robert H. Lander, co-principal investigators

The Jackson School of Geosciences has 
funded a research initiative in the research area 
and discipline of structural diagenesis. Structural 
diagenesis, as described by Steve Laubach and 
Kitty Milliken in the keynote address at the AAPG 
Hedberg Research Conference on this topic in 
February 2004, is an approach that deliberately 
synthesizes mechanics and geochemistry in ways 
that have been neglected in traditional diagenesis 
and structural studies. This approach promises 
to provide solutions to long-standing geologic 
problems in sedimentary basins, as the iteration 
of mechanical and chemical processes lead 
to feedback and strongly nonlinear processes. 
The program is designed to make the Jackson 
School a world leader in linked structural and 
diagenetic issues. This effort will make previous 
approaches to diagenesis and mechanical 
studies in sedimentary basins obsolete. 

The initial focus under this initiative is on 
fracture-opening processes from the perspective 
of chemical/mechanical evolution of fracture 
systems. Fluid flow in fractured rock is an 
increasingly central issue in recovering water and 
hydrocarbon supplies and geothermal energy  
in predicting flow of pollutants underground, 
in engineering structures, and in understanding 
large-scale crustal behavior. The goal of this 
project is to develop an understanding of 
how fracture growth and diagenetic alteration 
interact to create and destroy fracture porosity 
systematically. This cross-disciplinary research 
will result in fundamental advances in our 
understanding of how diversity of natural 
fracture patterns evolves and better predictions 
of fracture-pattern attributes in the subsurface 
where sparse sampling is the rule. Jackson School 
support will help build our already strong cross-
disciplinary and cross-departmental program 
in fundamental and applied fracture and rock-
property evolution research. As an essential step 
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in a broad study of links between mechanical 
and chemical processes in opening fractures, 
we are testing a new theory of cementation in 
fractures that predicts fracture porosity evolution 
as a function of temperature, surface area, 
and opening history. Results will allow us to 
estimate fracture-opening rates, which will 
be a significant contribution to understanding 
crustal mechanics and a constraint on intraplate 
tectonic processes.

Predicting Fracture Porosity  
Evolution in Sandstone
Stephen E. Laubach, Robert H. Lander, Linda M. 
Bonnell (Research Fellows, The University of Texas 
at Austin), Jon E. Olson (Department of Petroleum 
and Geosystems Engineering, The University of Texas 
at Austin), Julia F. W. Gale, and Randall A. Marrett 
(Department of Geological Sciences, The University 
of Texas at Austin), co-principal investigators;  
Jon T. Holder (Department of Petroleum and 
Geosystems Engineering), Kitty L. Milliken 
(Department of Geological Sciences), Dick Larese 
(consultant), and Robert M. Reed; assisted by John N. 
Hooker, Leonel A. Gomez, and Meghan E. Ward 

Continuity of fracture porosity is fundamental 
to how fractures conduct fluids. It is an 
increasingly central issue in recovering water and 
hydrocarbon supplies and geothermal energy, in 
predicting flow of pollutants underground, in 
engineering structures, and in understanding 
large-scale crustal behavior. Researchers at 
BEG, the Departments of Geological Sciences 
and Petroleum and Geosystems Engineering, 
and Geocosm L.L.C. are working to develop 
an understanding of how fracture growth and 
diagenetic alteration interact to create and 
destroy fracture porosity systematically. This 
cross-disciplinary research will fundamentally 
advance researchers’ understanding of how 
diversity of natural fracture patterns evolves 
and enable better predictions of fracture-pattern 
attributes in the subsurface, where sparse 
sampling is the rule. 

As an essential step in a broad study of links 
between mechanical and chemical processes 
in opening fractures, researchers will test a 
new theory of cementation in fractures that 
predicts fracture-porosity evolution as a function 
of temperature, surface area, and opening 
history. The centerpiece of this effort is a study 
focused on the Piceance Basin of Colorado that 
combines fracture and diagenesis observations, 
mechanical and diagenetic modeling, and 
novel rock-property tests on specially prepared 
artificial rocks that have cement properties 
matching those of rocks at various positions 
along the modeled burial-history curve of a 
target formation in the basin. This study is 
supported by a grant from Chemical Sciences, 
Geosciences, and Biosciences Division, Office 
of Basic Energy Sciences, Office of Science, U.S. 
Department of Energy. The research is divided 
into characterizing fractures and cements, 
constraining temperature and load conditions, 
modeling burial history and the diagenetic–
fracture pathway, and quantitatively linking 
diagenesis model results to geomechanical 
model and scaling observations. Researchers 
also seek to demonstrate how chemical and 
mechanical interactions combine to produce 
aperture, length, and spacing patterns—essential 
ingredients for understanding the role of 
fractures in fluid flow in the Earth. In a separate 
study that has been proposed to the Jackson 
School, these results may be extended to enable 
estimation of fracture-opening rates, which will 
be a significant contribution to understanding 
crustal mechanics and a constraint on intraplate 
tectonic processes.

In addition to five published papers, research 
from this project has been recognized in an 
AAPG Distinguished Lecture tour (Bonnell), an 
SPE Distinguished Lecture tour (Laubach), and 
three invited keynote lectures at international 
symposia (two by Olson and one by Laubach 
and Milliken). 
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BASIN AND FIELD STUDIES

Stratigraphic Architecture and 
Sandstone Reservoir Quality in Deep-
Shelf Gas Plays of Texas State Waters
Shirley P. Dutton and Robert G. Loucks, co-principal 
investigators; Angela McDonnell, Shinichi Sakurai,  
L. Frank Brown, Jr., and Romulo P. Briceno; assisted by 
Patricia Montoya, Ahmad Ismail, and Carla M. Sanchez

The deep-shelf gas play in the Gulf of Mexico 
(GOM) is focusing exploration attention below 
15,000 ft in the shallow waters of the offshore 
Texas State leases. Ultradeep wells are being 
planned by industry operators for depths from 
20,000 ft to greater than 30,000 ft to target 
large structures below the present-day Texas 
shelf that contain sandstones deposited in 
lowstand systems tracts. At these depths the 
greatest unknown and most critical risk factor is 
reservoir quality. The ability to predict reservoir 
quality (porosity and permeability) and physical 
characteristics of ultradeep reservoir rocks has 
lagged behind our understanding of other parts 
of the petroleum system, such as depositional 
facies, traps, and petroleum migration.

The Bureau’s Deep Shelf Gas project is 
supported by a consortium of companies. 
Major goals are to decrease exploration 
risk by (1) mapping general stratigraphic 
architecture and areas of deep to ultradeep 
depocenters from 3-D seismic data and  
(2) understanding the uncertainty involved in 
preservation or enhancement of porosity and 
permeability at depth. Specific goals of this 
multidisciplinary study are (1) mapping of deep 
stratigraphic architecture from seismic data,  
(2) isochron mapping of deep sedimentary 
packages, (3) seismic facies analysis of these 
packages, (4) petrographic and geochemical 
analysis of rock samples, (5) statistical analysis  
of porosity/permeability relationships to 
controlling parameters, and (6) wireline-log 
analysis for complete vertical data coverage  
in selected areas. 

Data for this project include several thousand 
thin-section analyses, cores to depths as great 
as 23,500 ft, and a 3-D seismic data volume 
(supplied by Seismic Exchange, Inc.) of State 
Waters that covers 15 × 220 mi (3,300 mi2 of 
data). Quality of the seismic data allows analysis 
of the complete Tertiary section down to 8-s 
two-way traveltime.

Seismic analysis is providing a clear picture 
of the structural and stratigraphic architecture 
of the State Waters area. Both extensional and 
compressional structural features are being 
mapped and integrated with the sequence 
stratigraphic history of the basin. Sand depo-
centers are being identified, and stratal slicing 
will be completed on a number of units. The 
results of these studies will aid in identifying 
fairways of potentially deeply buried sandstones 
that may be reservoirs.

Regional studies in the shallower Tertiary 
sandstone section have shown that there is 
significant regional variation in reservoir quality 
that is controlled by differences in detrital 
mineralogy, grain size and texture, depositional 
environments, burial history, and geothermal 
gradient. Previous Bureau studies resulted in 
publication of what are still the most complete 
analyses of geographic and depth trends in 
mineralogy, grain size, texture, porosity, and 
permeability in lower Tertiary sandstones from 
the onshore Texas Gulf coast. The Deep Shelf 
Gas project is now conducting a comparable 
analysis of regional and depth variations in deep 
Cenozoic sandstones (>15,000 ft), both from 
the onshore Texas Gulf coast and on the inner 
continental shelf. A major goal is to place the 
sandstones that are studied into a structural and 
sequence-stratigraphic framework to understand 
how reservoir quality is affected by changes in 
structural styles and depositional setting.

During the first year of this 2-year study, 
we focused on the north half of the Texas 
coast; during the second year the project will 
investigate the south half of the Texas coast. 
Additional industrial sponsors are invited to join 
the project in January 2006.



BUREAU OF ECONOMIC GEOLOGY — 2005 Comprehensive Report  12

BEG Research on the Barnett Shale
Eric C. Potter, principal investigator; Tucker F. Hentz,  
Jeffrey A. Kane, William A. Ambrose, Eugene M. Kim, 
Luciano L. Correa, Joseph Yeh, and Jon E. Olson  
(The University of Texas at Austin, Petroleum and 
Geosystems Engineering Department);  
assisted by Mary E. Bezara

John A. (“Jack”) Jackson left an amazing 
legacy to The University of Texas at Austin, and 
the John A. and Katherine G. Jackson School of 
Geosciences (Jackson School) is a direct result 
of his generosity. Among his gifts were royalty 
interests in some 1,000 producing wells in the 
Fort Worth Basin, in which, during the 1950’s, 
Jack was a pioneer in gas discoveries from 
Pennsylvanian Bend Conglomerate reservoirs. 
Those giant reservoirs still produce, but a new 
exploration play has significant promise for 
Jackson School interests.

Barnett Shale
The Barnett Shale is a Mississippian shale 

formation that, in Newark East field, is now the 
largest natural-gas-producing field in Texas and 
among the top five in the nation, according to 
daily rate. It is the hottest play in Texas, with 
play boundaries still being defined by drilling. 
Favorable economics are enabling royalty 
owners, producers, service companies, and 
their shareholders to benefit—Texas-style—from  
the play.

The Barnett is classified as an unconventional 
reservoir because of its shale lithology and the 
necessity for hydraulic fracture stimulation. 
Unconventional reservoirs, which now account 
for 35 percent of the natural gas produced in the 
U.S. and include coals and shales, will not flow 
commercial amounts of gas unless the wells 
are stimulated to improve reservoir properties. 
Production from the Barnett Shale was minimal 
prior to 1997 because wells would not flow gas 
at rates sufficient to justify costs.

Today, a host of technologies, including 
laboratory analysis of gas yields from the shale, 
hydraulic fracturing, 3-D seismic visualization, 

horizontal drilling, and microseismic monitoring 
of fracture-stimulation jobs, are assisting 
operators in expanding the play. 

Bureau Research
Bureau research sponsored by the Jackson 

School has been under way for nearly 2 years 
on the Barnett in Wise County, where Jackson 
School royalty interests are concentrated. 
The primary objective is to provide technical 
analysis that could stimulate additional drilling 
and production in the royalty area.

Emphasis so far has been on mapping basic 
stratigraphic and structural framework, tracking 
successful drilling in the less-developed south 
part of the play and mapping similar conditions 
in Wise County, and remapping the thermal 
maturity of the formation, which seems to relate 
directly to gas:oil ratio, a key factor controlling 
gas flow rates. 

Research is also under way on aspects con- 
trolling gas production from the Pennsylvanian-
age Bend Conglomerate, which lies above the 
Barnett Shale. Our objective is to demonstrate 
additional infield production potential by  
conducting modern reservoir characterization 
studies of this giant gas-producing trend, where 
production began in the 1950’s. A pilot study 
area covering the southwest quarter of Wise 
County, coinciding with much of the Jackson 
royalty area, was selected for conducting detailed 
mapping of conglomerate- and sandstone-rich, 
reservoir-scale genetic units. Petrophysical 
analyses of well logs and core samples have 
complemented the effort. Results to date have 
defined (1) depositional fabric and setting 
of Bend reservoir units, (2) relation between 
produc-ing wells and areal distribution of units, 
and (3) fundamental petrophysical controls on 
production. The next phase of study will involve 
examining the relationship between detailed 
reservoir characteristics and production results, 
in order to help predict infield development 
opportunities.
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State of Texas Advanced Resource 
Recovery (STARR) Project
Robert G. Loucks, principal investigator;  
Ramón H. Treviño, Ursula Hammes, L. Frank Brown, 
Jr., Shinichi Sakurai, Hongliu Zeng, Khaled Fouad, 
Romulo P. Briceno, Stephen C. Ruppel, Shirley P. 
Dutton, Wayne R. Wright, David Solo, Mary E. Bezara, 
and Hugo A. Castellanos

The original Project STARR was developed to 
increase royalty income to the Permanent School 
Fund through working with operators of State 
Land leases to improve efficiency of producing 
fields using latest reservoir characterization 
technologies. During the last Texas legislative 
session, the State increased the budget for Project 
STARR. In addition to reservoir characterization 
projects, the project will now look at new venture 
studies in which regional fairways for drilling 
exploration wells will be emphasized. Project 
STARR will also conduct studies to promote 
exploitation of unconventional resources, such 
as hydrocarbons from shale, tight gas sands, and 
low-pressure gas. The project will also work in 
conjunction with CO2 sequestration studies at 
the Bureau to promote profitable sequestration 
of CO2 in oil fields through CO2 enhanced oil 
recovery. Texas State Lands operators are invited 
to participate in Project STARR, in which they 
can obtain, without cost or obligation, expert 
technical advice in developing State Lands oil 
and gas fields.

The philosophy of Project STARR is to work 
with State Lands operators to deploy advanced 
recovery strategies and newly developed 
technologies on a field-by-field basis to ensure 
maximal recovery efficiency. We also work with 
operators to evaluate deeper prospective, higher 
risk reservoirs, such as the deep-shelf gas play. 
This gas play concentrates on offshore Tertiary 
sandstone reservoirs between the depths of 
15,000 and 35,000 ft. We have experience in  
3-D seismic data analysis, including structural 
and sequence stratigraphic architectural analyses, 
stratal slicing, and amplitude anomaly analysis. 
From these studies, STARR group members 
have generated several major publications on 

sequence stratigraphy and gravity tectonics in 
the Texas GOM area.

The most volumetrically significant State 
Lands oil and gas resources are in State Waters 
of the Gulf Coast and State Leases of the Permian 
Basin. Since 1995, Project STARR studies and 
data have been used to recommend more than 
70 infill wells, 56 recompletions, and 14 step-
out wells over the project’s 9-year duration. 
Project STARR has also worked on and identified 
several prospects in previously undrilled deeper 
strata. To date, Project STARR has completed 
studies or is currently working on 24 fields on 
State Lands.

Project STARR has contributed to the increase 
of royalty payments for the benefit of the 
Permanent School Fund. Over the last 2 years, 
the program has helped generate $21.3 million 
in royalties to the Permanent School Fund 
and $6.3 million in severance tax to the State. 
Relative to royalty income, Project STARR is 
revenue positive by a factor of 23.9. This return 
is higher than that for the last biennium, which 
produced $9.2 million, for a revenue-positive 
factor of 10.4. 

Reviving Abandoned Reservoirs 
with High-Pressure Air Injection: 
Application in a Fractured and  
Karsted Dolomite Reservoir
Stephen C. Ruppel and Robert G. Loucks,  
co-principal investigators

The Bureau has assembled a multidisciplinary 
team of geoscientists and engineers to evaluate 
the applicability of high-pressure air injection 
(HPAI) in revitalizing a nearly abandoned 
carbonate reservoir in the Permian Basin of 
West Texas. The Permian Basin, the largest 
oil-bearing basin in North America, contains 
more than 70 billion barrels of remaining oil 
in place and is an ideal venue to validate this 
technology. We have already demonstrated the 
potential of HPAI for improved oil recovery in 
preliminary laboratory tests and a reservoir pilot 
project. To test the technology more completely, 
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we are combining a detailed characterization of 
reservoir properties with a field demonstration 
and monitoring program to fully access the 
effectiveness and economics of HPAI. 

The characterization phase of the project is 
utilizing geoscientists and petroleum engineers 
from the Bureau of Economic Geology and the 
Department of Petroleum Engineering (both at 
The University of Texas at Austin) to define 
controls on fluid flow in the reservoir as a basis 
for developing a reservoir model. This model 
will be used to define field deployment plans 
for drilling both vertical and horizontal wells 
during the demonstration phase of the project. 
Additional reservoir data are being gathered 
during the demonstration phase to improve 
the accuracy of the reservoir model. Results of 
the demonstration will be closely monitored 
to provide a basis for improving the design of 
the HPAI field deployment plan. Results of the 
reservoir characterization field demonstration 
and monitoring program will be documented 
and widely disseminated to facilitate adoption of 
this technology by oil operators in the Permian 
Basin and elsewhere in the U.S. 

Successful development of high-pressure air-
injection technology has tremendous potential 
for increasing the flow of oil from deep carbonate 
reservoirs in the Permian Basin, a target resource 
that can be conservatively estimated at more than 
1.5 billion barrels. Successful implementation in 
the field chosen for demonstration, for example, 
could result in the recovery of more than  
34 million barrels of oil that would not otherwise 
be recovered. 

Mapping of Permian Basin Attributes
Stephen C. Ruppel, principal investigator;  
Rebecca H. Jones, Caroline L. Breton;  
assisted by Martin Hanzlik 

The objectives of this project, which was 
funded by USGS and completed in 2005, were 
to collect and compile data leading to the 
creation of ARC-GIS maps depicting (1) structure 
of the Precambrian basement and (2) geothermal 
gradients in the Permian Basin. In addition 

to these maps, structure and thickness maps 
were also created for the Ellenburger Group, 
the Simpson Group, and the Siluro/Devonian 
section across the Permian Basin region. These 
data and maps are being incorporated into 
a larger study of the Permian Basin currently 
being funded by DOE and oil and gas operators. 
The purpose of both projects is to collect, 
integrate, and distribute available geological 
data in readily accessible and usable formats 
to those interested in geology and economic 
development of the Permian Basin. 

Integrated Geological Synthesis  
of the Permian Basin
Stephen C. Ruppel, principal investigator;  
Rebecca H. Jones, Robert G. Loucks, Wayne R. Wright, 
Charles Kerans, Edgar H. Guevara, H. Seay Nance, and 
Caroline L. Breton; Ted E. Playton, Martin Hanzlik,  
and David Soto

Bureau researchers have begun integrated 
analysis of the depositional history and 
stratigraphic architecture of the Permian Basin. 
The goals of the program are to (1) produce a 
detailed, comprehensive history of the Paleozoic 
depositional and reservoir systems in the Permian 
Basin and (2) create spatially integrated databases 
of depositional, stratigraphic, lithologic, and 
petrophysical properties for each stratigraphic 
horizon.

The Permian Basin is the largest producing 
basin in the U.S., with 30 billion barrels of 
mobile oil remaining in existing reservoirs and 
a projected 3.5 billion barrels of undiscovered 
oil and natural gas liquids (NGL) resources. 
Recovery of this vast remaining resource 
has become an increasing challenge as new 
companies unfamiliar with the basin and its 
geology have replaced original, data- and 
expertise-rich, major oil companies. A particular 
problem for these new companies is difficulty of 
access to data and knowledge of how to use the 
data. The project will address this problem by 
providing needed fundamental stratigraphic and 
reservoir-specific data in readily accessible and 
usable formats. No modern, integrated synthesis 
of Permian Basin geology currently exists.
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An integrated synthesis of available data, 
concepts, and models in the Permian Basin 
will form a fundamental basis for providing 
Permian Basin operators with (1) outcrop and 
subsurface-reservoir-specific models to be 
applied to engineering- and completion-based 
redevelopment of existing reservoirs and (2) a  
detailed regional stratigraphic framework for 
applying such models to new exploration 
targets. These data will decrease the risk and 
increase the efficiency of exploiting remaining 
hydrocarbons in the Permian Basin and define 
new opportunities for drilling. The data will also 
form the basis for new engineering approaches 
and completion practices.

The project will involve participation and 
sponsorship of oil companies active in the 
Permian Basin. This liaison will accomplish two 
goals: (1) industry input will assure that goals of 
the project will be those that are of greatest value 
to industry and (2) more effective technology 
and data transfer will be facilitated.

Project deliverables will include (1) a 
comprehensive written analysis of Paleozoic 
depositional history, stratigraphy, facies, and 
structural history of the basin and (2) data 
syntheses of selected hydrocarbon-rich plays in 
the basin. Data, which will include a wide variety 
of geologic and reservoir data, will be spatially 
integrated into a geographic information system 
(GIS) format for ready data access and use. Data 
sets will be made available digitally both on CD 
and through direct access over the World Wide 
Web. Funding for the project is being shared 
by DOE, sponsoring industry partners, and the 
Bureau’s Carbonate Reservoir Characterization 
Research Laboratory and Starr Project. 

During the first year of this 3-year project, 
three depositional episodes were selected for 
detailed study: the Carboniferous Barnett Shale, 
the Upper Devonian Woodford Shale, and the 
Lower Devonian Thirtyone Chert and Carbonate 
Formation. In subsequent years, detailed study 
is planned for carbonate systems of the Silurian 
Wristen Formation, the Permian Clear Fork 
Group, the Lower Ordovician Ellenburger Group, 

and other depositional intervals according to 
interest.

Carbonate Slope and Basin Sediment-
Gravity Flow Systems: Toward 
Developing an Exploration Model
Xavier Janson, principal investigator

This project is a 2-year research project 
sponsored by Shell International E&P. The 
first year (2005) consisted of reviewing 
and synthesizing available knowledge on 
carbonate-slope, toe-of-slope, and basinal-
carbonate-sediment-gravity-flow deposits for 
both modern and ancient carbonate depositional 
systems to produce a digital atlas of carbonate-
slope deposits. Part of this atlas will be a new 
model for carbonate-slope-basin deposits, 
including depositional mechanism, revised 
classification of slopes based on depositional 
process, and a stratigraphic model that attempts 
to link deposit type, pore type, deposit geometry, 
and stacking pattern to a sequence stratigraphic 
model. 

Year 2 (2006) of this project will consist of 
more detailed studying of selected subsurface 
data sets provided by Shell to test the validity 
and the predictability of the models developed 
during year 1. At the same time, forward strati-
graphic modeling will be used to test concepts 
and questions that arose during year 1. In 
addition, we will build synthetic seismograms 
for selected existing studies to help identify 
characteristic seismic response to a spectrum of 
carbonate-slope reservoir settings.

Seismic Response of  
Permian Khuff Formation
Xavier Janson, principal investigator

This project was a 3-month follow-up of  
3-D outcrop characterization of a Permo-
Triassic outcrop in Saudi Arabia (see project 
entitled “Khuff 3-D outcrop”). Detailed reservoir 
architecture is best understood from well-
exposed outcrops, which provide the critical 
subseismic resolution required to interpret and 
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model complex depositional systems. Because of 
the very thin outcrop, with bedding geometries 
of less than a few meters of amplitude, the 
strength of building a synthetic seismic model is 
to assess the subtle change in seismic response 
created by the presence of significantly thick  
(>5 m) grainstone bodies. A composite impedance 
model of the Khuff outcrop was built on the 
basis of petrophysical data (Vp, Vs, density, 
porosity) measured on more than 160 plugs taken 
from the outcrop. Three-dimensional synthetic 
seismograms were calculated on the basis of  
the 3-D impedance model using both 1-D and 
3-D poststack modeling algorithms. Although 
results showed that most of the grainstone 
bodies were below seismic resolution, a subtle 
effect on reflection geometries and amplitude 
could be detected and interpreted on stratal 
slices at high-quality seismic resolution.

Support for Curation of Academic 
Research Cores, Samples, and  
Collections in the Geosciences
Scott W. Tinker, principal investigator; Shirley P. 
Dutton, co-principal investigator; Beverly B. DeJarnett, 
John M. Els, Marcus Hafford, Darrell O. Haynes,  
David C. Jordan, Randy E. McDonald,  
and Laura C. Zahm

The National Science Foundation (NSF) Earth 
Science Division (EAR) has acquired space 
within BEG’s Houston Research Center (HRC) 
for storage and curation of terrestrial scientific 
cores, rock samples, and collections procured 
through EAR/NSF-funded research projects. 
The HRC will curate this material and facilitate 
continued access to, and use of, the material by 
researchers in the academic community for the 
foreseeable future. The HRC is a world-class, 
public-sector core and sample storage and 
research facility having office, laboratory, and 
layout space available for visiting scientists. Two 
conference rooms and a professional geoscience 
and engineering library are also available for use 
by visiting researchers. Laboratory space and 
equipment needed for examining and sampling 

EAR/NSF-funded material will be provided for 
the use of visiting researchers at no charge.

Curation of Terrestrial Scientific Cores, 
Samples, and Collections
Shirley P. Dutton, principal investigator;  
Steven L. Goldstein, Columbia University,  
co-principal investigator; Beverly B. DeJarnett

Acquisition of terrestrial cores, rock samples, 
and fossils is critical to conducting much of 
the geologic research in the Earth Sciences. 
A workshop funded by the National Science 
Foundation (NSF) was held in May 2004 at 
The University of Texas at Austin, Houston 
Research Center (HRC), to discuss the need 
for a central facility for long-term curation and 
dissemination of this material to the academic 
community. The workshop brought together 
experienced curators and geoscientists working 
with terrestrial rock material acquired as part 
of academic research projects funded by the 
National Science Foundation Earth Science 
Division (NSF/EAR). The primary goal of the NSF-
sponsored workshop was to visit a public-sector, 
state-of-the-art sample repository where space is 
currently available to the academic community 
and other researchers for long-term storage, 
curation, and easy access to rock material and 
other collections. Participants identified the 
needs of the research community and prioritized 
the facilities, equipment, and metadata storage 
that would best suit the different types of geologic 
material to be curated. The HRC was identified 
as well suited and appropriate for curation of 
terrestrial cores, samples, and other collections 
acquired for NSF/EAR-funded research. A core 
and sample storage facility at the HRC would 
advance knowledge and understanding in Earth 
Science by preserving precious rock material 
acquired with public funds, providing a public 
catalog of the material, and making samples 
readily available to the research and education 
community. The workshop final report was 
submitted to the NSF this year.
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Center for Energy Economics 
Highlights
Michelle Michot Foss, Gürcan Gülen, Ruzanna V. 
Makaryan, Dimitry Volkov, and Miranda Ferrell

The Center for Energy Economics (CEE) joined 
the Bureau June 1, 2005. CEE (which at the 
University of Houston was known as the Institute 
for Energy, Law & Enterprise) has a number of 
ongoing research projects in energy economics 
and market developments. With our mission 
“to educate stakeholders on energy economics 
and commercial frameworks using comparative 
research to facilitate energy development,” CEE 
applied economics “do tank” has programs 
both in the U.S. and abroad. CEE also supports 
key Bureau programs and initiatives and will 
undertake new initiatives as we continue to 
integrate with the Bureau and The University 
of Texas at Austin community. 

CEE’s work ranges across a large geography 
and diverse undertakings. This past year, our 
interactions ranged from discrete meetings 
with domestic and international visitors to 
our multinational annual capacity building 
program, New Era in Oil, Gas & Power 
Value Creation; from short thought pieces to 
comprehensive briefing papers; from genesis  
of idea to implementation of concept. Some of 
the activities in FY05 are highlighted below.

CEE’s efforts to examine the role of liquefied 
natural gas (LNG) in the North American and 
global economies and reach out to public 
audiences on LNG safety and security have 
continued to achieve great outcomes. In 
FY05, CEE staff participated in more than a 
dozen public forums on LNG, and our work 
is relied upon by a broad cross section of the 
news media. CEE’s briefing papers and LNG 
Website (www.beg.utexas.edu/energyecon/lng) 
provide an independent, objective, and widely 
accessible knowledge and education base on 
LNG for many stakeholders involved in industry 
developments. Our knowledge base formed the 
platform for an LNG white paper prepared for 
the National Association of Regulatory Utility 
Commissioners (NARUC) by ICF Consulting.

CEE’s engagements in international energy 
sector development assistance are a natural 
outgrowth of our queries on frameworks that 
best facilitate successful commercial develop-
ment. In FY2005, CEE completed its two grants 
from the U.S. government, one in Bangladesh 
(Association Liaison Office), and one in Ghana 
(U.S. Agency for International Development). In 
Bangladesh, where we worked with the country’s 
leading technical university—Bangladesh 
University of Engineering & Technology—we 
facilitated an energy economics course being 
introduced into the curriculum, three university 
professors were trained in the U.S., and many 
more energy professionals received training as 
well. The Resource Center for Energy Economics 
and Regulation (RCEER) at the University of 
Ghana is now working to become a leading 
research institution for energy industry issues in 
Ghana. RCEER has developed public information 
materials such as The Guide to Electric Power in 
Ghana and The Natural Gas Primer, programs 
for university and professional courses on 
energy economics, and an energy database, a 
unique effort for Ghana’s energy sector. We are 
actively searching for other International Energy 
Partnerships, while also mentoring our existing 
collaborations.

CEE’s New Era program held May 9–20, 
2005, brought together 19 delegates from 13 
countries—Bangladesh, Ghana, Honduras, 
Mexico, Nigeria, Turkey, the United States and 
Venezuela, Angola, Chile, Gambia, Kenya, and 
Trinidad and Tobago. This year, the senior level 
of participants and their diverse backgrounds 
made the program especially interesting. New 
Era is supported by U.S. government agencies 
and international organizations, as well as 
leading multinational energy companies. As with 
previous New Era sessions since 2001, this year’s 
program allowed us to build new partnerships 
and expand our reach across the global energy 
industries. One spillover was a customized New 
Era program held in Port Harcourt, Nigeria, for 
energy sector professionals.

CEE continues to expand and improve our 
Web portal. We have added a new public 
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forum—“Think Corner”—through which CEE 
staff and our global network provide insights, 
commentaries, and research on global energy 
industry, market, and policy developments. A 
regular publication is Energy Markets Report 
(EMR), developed by CEE honorary Senior 
Associate, J. Paul Roberts. EMR tracks current 
conditions and developments in energy markets. 
Many other functions of the Web portal, such 
as interactive conferencing and “Energy 101” 
materials, are under development. 

In addition to its ongoing programs, CEE has 
been supporting core initiatives of the Bureau. 
CEE is providing economics and policy research 
to the Gulf Coast Carbon Center to support the 
emerging CO2 value chain and assisted with the 
May 26 workshop on Opportunities and Issues 
in Carbon Markets. We are also supporting the 
STARR program and the Bureau’s leadership on 
Texas’ proposal for FutureGen.

As we undertake these new projects and 
build upon existing ones, our focus will remain 
on “people development,” which we see as 
key to energy sector and energy enterprise 
development anywhere in the world. 

RESOURCE ASSESSMENT

Texas Coal Sample Collection  
for Rank Determination 
Edgar Guevara, principal investigator

Forming part of a cooperative program 
with the USGS to preliminarily assess the 
coalbed methane potential of North-Central 
Texas bituminous coals, this project collected 
approximately 100 coal and coaly shale 
samples from drilling cuttings in the shallow 
subsurface (mostly <2,000 ft) penetrated at 
a total of 10 wells, 5 in Archer County and  
5 in Young County. The collected samples 
represent coal-bearing intervals in the Cisco, 
Canyon, and Strawn Groups (Pennsylvanian). 

The samples were used in coal-rank 
determinations using vitrinite reflectance and to 
help document depth and stratigraphic position 

of subsurface coal and coaly shale occurrences 
in this area. These data are being compiled in a 
Geographic Information System (GIS) database 
and will be included in USGS’s National Coal 
Resources Data System (NCRDS).

ENVIRONMENT AND 
EARTH SYSTEMS
ENVIRONMENTAL QUALITY

FutureGen Texas: The World’s First 
Near-Zero-Emissions Power Plant
Scott W. Tinker, principal investigator; Jay P. Kipper, 
Ian J. Duncan, William A. Ambrose, Susan D. Hovorka, 
Michelle Michot Foss, Gürcan Gülen, Michael Williams 
(Commissioner, Railroad Commission of Texas),  
Carol Treadway (Railroad Commission of Texas), 
Chuck McDonald (Consultant), R. Ellyn Perrone, UT, 
Gwen W. Grigsby, UT, Jerry Hill (Consultant), Mike 
Smith (Consultant), Steve Walden (Consultant),  
Bryan Ellis (Consultant), Katie Tobin (Consultant)

FutureGen is a U.S. Department of Energy 
(DOE) initiative to build a power facility that is 
capable of producing hydrogen and sequestering 
carbon dioxide (CO2), with near-zero emissions, 
and by doing so turn the nation’s abundant coal 
supply into a decarbonized fuel. The $1-billion 
research project is intended to enable clean use 
of coal, greatly limiting negative environmental 
impacts of using this cheap and abundant 
resource.

The FutureGen project has two major com-
ponents: (1) to build an energy facility that will 
create power and hydrogen and capture CO2 
and (2) to locate a host site that will store the 
CO2 permanently. The prototype facility will be 
designed to allow testing of various components 
and fuel types in all phases of the process, 
as well as full measurement, monitoring, and 
verification of CO2 sequestration.
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DOE’S FutureGen Objectives:
1. Design, construct, and operate a nominal 

275-megawatt prototype plant that 
produces electricity and hydrogen with 
near-zero emissions;

2. Sequester at least 90 percent of CO2 
emissions from the plant with future 
potential to sequester nearly 100 percent— 
1 million tons per year;

3. Prove the effectiveness, safety, and per-
manence of CO2 sequestration;

4. Establish standardized technologies and 
protocols for CO2 measuring, monitoring, 
and verification; and

5. Validate the engineering, economic, and 
environmental viability of advanced, coal-
based, near-zero-emission technologies.

The Bureau has been charged with coor-
dinating Texas’ site-selection process and the 
State’s response to the upcoming DOE Request 
for Proposals. A FutureGen Texas team, under 
the direction of State Geologist and Bureau 
Director Scott W. Tinker and consisting of 
Bureau staff and key UT staff and consultants, 
will demonstrate that Texas is uniquely qualified 
for siting, construction, and operation of the 
FutureGen project. The team has developed a 
systematic procedure for identifying the optimal 
location for a FutureGen plant.

The Gulf Coast region is poised to lead 
the nation in building an important bridge 
to an energy future that may be based partly 
on widespread production of hydrogen from 
coal. The combination of extensive coal 
consumption and production; demand for 
CO2 for enhanced oil recovery; strong existing 
markets for hydrogen, methanol, and power; 
flexibility of available coal types; availability 
of rail, pipeline, and surface and subsurface 
infrastructure; near-term CO2 storage in oil fields 
and longer term CO2 storage in high-volume 
brines; and energy history and expertise make 
Texas the best place for the prototype FutureGen 
facility. These same features establish the Gulf 
region as ideal for extending the FutureGen 

template and establishing a broad, regional 
power infrastructure for the future.

Geological and Petrophysical 
Characterization for CO2 Sequestration 
in Enhanced Oil Recovery Floods, 
Permian Basin of West Texas
Mark H. Holtz, principal investigator;  
Rebecca C. Smyth, Caroline L. Breton,  
and Vanessa L. Núñez Lopez

The Bureau has partnered with the U.S. 
Department of Energy’s Southwest Regional 
Partnership for Carbon Sequestration to conduct 
geological and petrophysical characterization 
of enhanced oil recovery floods in the Permian 
Basin of West Texas. This 4-year project, con- 
ducted with operator KinderMorgan, will in- 
vestigate CO2 sequestration in carbonate oil 
reservoirs.

The study has two components. Researchers 
will begin by geologically characterizing portions 
of the Upper Pennsylvanian Canyon Formation 
in the SACROC (Scurry Area Canyon Reef 
Operators Committee) Unit and Claytonville oil 
reservoir fields. The first field, the SACROC, has 
undergone CO2 flooding for over 20 years; the 
second reservoir is the Claytonville, which will 
begin the flooding process during the project. 
After baseline data are collected, researchers 
will extensively monitor the injected CO2—with 
a focus on the overlying aquifers—to determine 
whether CO2 is leaking from the rock unit in 
which it is being sequestered. 

Getting a Picture of the Rocks
Accurate geologic assessments and models 

of pilot test reservoirs are critical to analysis 
of the storage, and possible leakage, of CO2. 
Researchers will study and integrate

1. Stratigraphic relationships to help define 
flow units between CO2 injectors and oil 
producers,

2. Petrologic analyses (performed at the 
pore level), coupled with stratigraphic 



BUREAU OF ECONOMIC GEOLOGY — 2005 Comprehensive Report  20

analyses, to define the storage potential 
and to provide the framework within 
which all other reservoir experiments are 
conducted,

3. Quantitative petrography to assess 
potential interactions between injected 
CO2 and subsurface mineralogy and 
potential CO2 leakage pathways, and

4. Petrophysical analyses (performed at 
the pore level) to produce geocelluar 
reservoir models for simulation analyses 
and to establish potential long-term- 
CO2-storage capacity.

Watching for CO2 Leakage
The Permian Basin rock units in which 

researchers are conducting the pilot test are 
overlain by saltwater aquifers. This is an ideal 
situation in which to test for CO2 that may leak 
out of the rock unit into which it is being injected. 
Researchers will collect detailed baseline water 
sample data before CO2 injection and then 
monitor extensively for CO2 movement after 
injection. Water sampling wells will be drilled 
into the overlying aquifer. Groundwater samples 
will be collected and analyzed for a year prior 
to CO2 injection to determine normal seasonal 
or meteoric-event hydrochemical fluctuations. 

Researchers will measure isotopes of dissolved 
inorganic carbon, trace elements, pH, and other 
constituents following Texas groundwater data-
system sampling procedures. All data will be 
compiled in a GIS system so that information 
will be easily mapped, transferable among 
researchers, and transferred to the DOE.

Review of Groundwater 
Evapotranspiration Rates
Bridget Scanlon, principal investigator; Nedra Bonal 
and Kelley Keese; INTERA Subcontractor Neil Deeds; 
UT Biological Sciences Subcontractor Marcy Litvak 

Accurate estimation of groundwater evap-
otranspiration (ET) is important for reliable 
assessment of groundwater resources. The pur-
pose of this study was to (1) compile existing 
information on ET rates and processes, focusing 

primarily on groundwater ET from databases and 
literature; (2) evaluate relationships between 
vegetation types in different settings and  
ET rates; and (3) translate information collated  
in this study on groundwater ET rates and 
processes into the Groundwater Availability 
Modeling (GAM) program. ET rates measured  
from a variety of different approaches were 
compiled from the literature. Examples of 
techniques used to estimate ET included water 
balance, lysimeters, micrometeorological 
approaches such as Bowen Ratio and Eddy 
Covariance, and water-table fluctuations. 
Groundwater ET occurs primarily in riparian 
buffer s tr ips adjacent to streams. Most 
detailed information on ET is available from 
micrometeorological stations installed in 
riparian zones adjacent to the San Pedro River 
in Arizona and the Rio Grande in New Mexico. 
ET rates in the literature ranged from 46 to 
1839 mm/yr (1.8 to 72.4 inches/yr). There is no 
systematic variation in ET rates among different 
vegetation types of riparian, trees, shrubs, and 
grasses. Within riparian zones, ET rates were 
generally higher in obligate phreatophytes 
such as cottonwood than in facultative 
phreatophytes such as mesquite; however,  
ET rates are controlled by plant density and 
leaf area rather than plant type, such as cotton- 
wood versus mesquite. Sites where ET was 
partitioned into groundwater ET indicate that 
even in riparian zones where vegetation has 
access to groundwater, ET rates generally range 
from 30 to 50 percent of PET. ET rates from 
previous GAM models ranged from 2 to 96 per-
cent of groundwater discharge. The proposed 
approach for simulating ET in GAM’s includes 
(1) setting an extinction depth on the basis of 
combined depth of root zone and thickness of 
capillary fringe (based on soil type), (2) increasing 
ET linearly from zero for most vegetation types 
at the extinction depth to the vegetation ET rate 
over a span equivalent to the thickness of the 
root zone, and (3) again increasing ET approxi-
mately linearly over a span equivalent to the 
thickness of the capillary zone. ET at the surface 
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is set at the PET rate. A map of long-term average 
annual PET is available for Texas. Information 
on crop coefficients for riparian vegetation 
to reduce PET to actual ET is provided. Data 
requirements for this approach for modeling  
ET include PET, distribution of riparian vegetation 
or wetland vegetation in areas of shallow water 
tables, vegetation coefficients for identified plant 
types, soil textures for estimating thickness of 
capillary fringe and capillary zone, and rooting 
depths for specified plant types in the area soils. 
Application of this approach to simulating ET in 
future GAM’s should result in more reliable ET 
discharge rates and more comparable ET rates 
among GAM’s. This consistent approach may 
result in improved predictions of groundwater 
capture resulting from increased groundwater 
development and lowering of water tables 
below root-extinction depths. 

Evaluation of Alternative  
Water Supplies for Small, 
Noncompliant Public Water Systems
Bridget R. Scanlon, principal investigator;  
Becky Smyth; Gil Strassberg, U.T. Department of Civil 
and Environmental Engineering; Parsons Engineering

The purpose of this study is to assist TCEQ in 
identifying, evaluating, and ranking compliance 
options for selected public water systems  
(PWS) for the Water Supply Division. Researchers 
developed a feasibility report outlining com-
pliance options for each of three PWS’s in 
Ector, Midland, Hickory, and Brazoria Counties. 
Contaminants of concern included nitrate, 
arsenic, and uranium. The geology of the regions 
was evaluated on the basis of literature review, 
and results were used by Parsons Engineering to 
develop feasibility analyses for alternative water 
supplies and to conduct economic analyses. 

The study included an initial review of the 
geology of the regions on the basis of the lit-
erature. GIS analyses were conducted using 
existing groundwater chemistry data from the 
TCEQ and the Texas Water Development  
Board. Additional information was obtained  

from the U.S. Geological Survey, regional 
planning groups, groundwater districts, ground- 
water availability models, water availability 
models, and well driller’s logs. Results will be 
presented to regional public water systems.

Proposed Hydrologic  
Observatory in Texas
Bridget R. Scanlon, principal investigator

NSF Hydrologic Observatory Program is 
being reevaluated and may be coordinated 
with other NSF programs such as CLEANER 
(Collaborative Large-Scale Engineering Analysis 
Network for Environmental Research) and NEON 
(National Ecological Observatory Network). A 
proposal was developed in response to the NSF 
Request for Proposals for a Digital Watershed. 
The Texas system includes the Nueces, San 
Antonio, Guadalupe watersheds. The proposal 
multidisciplinary team includes hydrologists 
from U.T. Bureau of Economic Geology, U.T. 
Center for Research in Water Resources, and 
U.T. San Antonio; ecologists and biologists 
from Texas State University and U.T. Marine 
Sciences Institute; and scientists from U.T. 
Austin. The goal of the proposal is to improve 
understanding of the water cycle to better 
predict water resources in order to meet human 
and ecosystem needs. 

Arsenic Contamination  
in Texas Groundwater 
Bridget R. Scanlon, principal investigator;  
Andrew Tachovsky, Robert C. Reedy, Jean-Philippe 
Nicot, H. Seay Nance, Rebecca C. Smyth; Randi 
Ashburn, Kelley E. Keese, and Lance Christianson 

Arsenic contamination in groundwater is 
a Texas issue and a global issue; widespread 
arsenic contamination is present, for example, in 
Bangladesh, West Bengal, Taiwan, and Argentina. 
A major public health crisis has resulted from 
over 21 million people being exposed to arsenic 
contamination in Bangladesh. Arsenic is a 
known carcinogen that has been linked to skin, 
bladder, and lung cancers and other vascular 
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diseases. The U.S. recently lowered the federal 
standard for arsenic in drinking water from 50 to 
10 µg/L, significantly increasing the number of 
drinking-water supplies that exceed regulatory 
limits for arsenic. Six percent of the wells in 
Texas contain groundwater that exceeds the 
new maximum contaminant level (MCL) of  
10 µg/L arsenic. Contamination is focused in 
the Southern High Plains and the southwestern 
Gulf Coast, where 32 and 29 percent of wells, 
respectively, exceed the MCL. The Bureau 
recently conducted a study of groundwater 
arsenic contamination in Texas for the Texas 
Commission on Environmental Quality (TCEQ). 
The primary objectives of the study were to 
evaluate anthropogenic (caused by humans) 
and geogenic (natural geologic origins) sources 
of arsenic in the Southern High Plains and 
southwestern Gulf Coast areas in Texas. 

The primary anthropogenic source of arsenic 
is arsenical pesticides, which are used as de-
foliants for cotton. Geogenic sources in the High 
Plains include volcanic ashes in the Ogallala 
Formation, Cretaceous shales, and saline lakes. 
Geogenic sources in the Gulf Coast include the 
volcanic tuffs in the Catahoula Formation and 
uranium roll-front deposits.

Anthropogenic sources were evaluated  
by drilling 18 boreholes in the Southern 
High Plains and 10 in the southwestern Gulf 
Coast. Soil samples were analyzed for arsenic 
concentrations and other anions; pressure-
head data were evaluated to determine flow 
directions. Geogenic sources were examined  
by relating groundwater arsenic concentrations 
to different geologic units and correlating arsenic 
concentrations with other oxyanions to assess 
geogenic sources and mobilization processes.

 
Southern High Plains

Evidence of arsenical pesticides is apparent 
in well profiles in cultivated areas. Highest 
arsenic levels occur in the top 0.5 m and corre-
late with high concentrations of nitrate and 
phosphate related to fertilizer applications. 
These data indicate that arsenic related to 

arsenical pesticides is probably restricted to  
the near-surface zone. In some cultivated areas, 
however, peak arsenic concentrations occur at 
depths too great to be the result of pesticide 
applications. High arsenic levels have also been 
documented from rangeland areas never used 
for cotton farming and where it is unlikely that 
pesticides have ever been applied. These data 
indicate a widespread source of water-soluble 
arsenic in soils in the Southern High Plains  
that is mostly natural in origin and that may 
be mobilized to result in groundwater arsenic 
contamination.   

Arsenic contamination is much greater in  
the southern part of the Southern High Plains 
(51 percent of wells >10 µg/L) where TDS  
is more than 500 mg/L than in the north part 
(7 percent of wells >10 µg/L) where TDS is 
less than 500 mg/L. The dividing line between 
the southern and northern section extends 
from Lubbock (Texas) to Clovis (New Mexico). 
Groundwater arsenic contamination occurs 
in generally oxidizing conditions in the High 
Plains, and arsenic is expected to be in the form 
of arsenate. Positive correlations between ar-
senic and other constituents (vanadium, fluoride 
molybdenum, boron r2, selenium) suggest a 
geogenic rather than an anthropogenic source. 
Arsenic concentrations are related to geologic 
units and are highest in the Ogallala aquifer  
and much lower in the Dockum aquifer. Arsenic 
concentrations in the Edwards Trinity (High 
Plains) aquifer are highest where it underlies the 
Ogallala and much lower elsewhere. Potential 
sources of arsenic include volcanic ash beds 
in the Ogallala, black shales in the Cretaceous 
(Kiamichi Shale), and saline lakes. Analysis of 
geophysical logs indicates that high gamma 
zones, indicative of volcanic ash beds, are 
restricted primarily to the southwest area of 
the Southern High Plains and are not located 
with most of the high groundwater arsenic 
concentrations. Future studies will include 
geophysical logging and stratified aquifer 
sampling to further assess geogenic sources of 
arsenic.
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Southwestern Gulf Coast
Water-soluble arsenic levels are variable in 

the unsaturated zone in the southwestern Gulf 
Coast. Highest levels (≤1,854 ug/kg) were found 
in an area where cotton-gin waste was plowed 
into fields. Restriction of elevated arsenic that 
is probably related to gin waste to the upper 
2 m of the soil zone suggests that gin waste 
is an unlikely source of groundwater arsenic. 
High chloride concentrations below the arsenic 
peak indicate little water movement below this 
zone; therefore, arsenic from the gin waste is 
unlikely to reach the groundwater. In another 
profile, high arsenic concentrations in the 
shallow subsurface that correlate with high 
nitrate suggest fertilizer or arsenical pesticide 
sources. High arsenic concentrations were found 
throughout an irrigated profile. The remaining 
profiles had low arsenic levels (<10 ug/kg) that 
showed no systematic variation with land use 
or with depth. These data suggest that arsenical 
pesticides are an unlikely source of groundwater 
arsenic contamination in this region.

High groundwater arsenic concentrations 
in the southwestern Gulf Coast area extend as 
far west as the Catahoula Formation outcrop. 
Correlations between arsenic and other constit-
uents (vanadium, molybdenum, boron) suggest 
a geogenic rather than an anthropogenic source. 
Arsenic concentrations are highest in the Jasper 
aquifer (48 percent >10 µg/L), which immediately 
overlies the Catahoula Formation, and are much 
less in younger stratigraphic aquifers (Evangeline 
aquifer; 21 percent >10 µg/L and Chicot aquifer, 
27 percent >10 g/L). Therefore, volcanic ashes 
associated with or reworked from the Catahoula 
Formation are the most likely source of high 
arsenic concentrations in the southwestern Gulf 
Coast aquifer. Correlations between arsenic and  
other oxyanions typically associated with vol-
canism (vanadium, molybdenum), as well as 
the general decrease in arsenic contamination 
away from this formation, strongly support this 
hypothesis.

Although only an initial assessment of arsenic 
contamination in the Southern High Plains and 

southwestern Gulf Coast, this study shows that 
arsenic reservoirs in the unsaturated zone are 
important because they could be mobilized 
by artificial recharge or other mechanisms. 
Scientists in future studies will evaluate geogenic 
sources by conducting geophysical logging and 
stratified aquifer sampling. These data will 
allow higher resolution links between geologic 
units and arsenic levels in groundwater. If 
arsenic contamination can be linked to specific 
geologic units, drinking water wells can be 
remediated, and future wells can minimize 
arsenic contamination by avoiding groundwater 
production from zones with high arsenic. 

Groundwater–Surface Water 
Interactions in Texas: Implications  
for Water Resources and  
Contaminant Transport (TCEQ)
Bridget R. Scanlon, principal investigator,  
Andrew Tachovsky, Robert C. Reedy, Kelley E. Keese; 
Venkatesh Merwade, U.T. Center for Research in  
Water Resources; Theresa Howard, U.T. Customer 
Service Representative; Raymond Slade, Consultant 

Groundwater–surface water interactions need 
to be evaluated to optimize water management 
in Texas. This study provides an overview of the 
impacts of groundwater–surface water (gw–sw) 
interactions on water quality and water quan-
tity using available data. A literature review was 
conducted to assess the status of knowledge of 
gw–sw interactions. A total of 300 references 
were compiled, which were subdivided into 
those related to water quantity issues, those 
related to water quality including point and 
nonpoint sources of contamination, and those  
related to methods such as seepage and 
temperature approaches and modeling analyses. 
Additional topics covered by the reference list 
include impacts of climate variability and land 
use/land cover changes on gw–sw interactions 
and ecologic issues. A compilation of data 
and information sources for assessing gw–sw 
interactions in Texas is also provided. This 
section includes Web links to online report 
catalogs and databases and a listing of offline 
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reports and catalogs provided by state and 
federal agencies. 

Potential impacts of gw–sw interactions 
on water quality were evaluated. Previous 
regional studies related to surface-water salinity 
with groundwater sources were reviewed. 
A GIS reconnaissance study was conducted 
using stream-gauge data and groundwater 
data to evaluate interconnections between the 
two systems. However, this analysis indicates 
that very few wells are located adjacent to 
stream gauges, resulting in extremely limited 
information on interactions between the  
two systems. Trends in surface-water quality 
in 12 USGS stream gauging stations represen-
tative of the major stream in the state were 
examined. Double mass curves were used with 
daily streamflow data to assess trends. The 
largest changes in Total Dissolved Solids (TDS) 
occurred in the Colorado River in 1986–1988, 
which was related to overflow of Natural Dam 
Salt Lake, at the headwaters of Beals Creek on a 
tributary to the Colorado River. This increase in 
TDS resulted in 2.5 times higher load inflowing 
to the Highland Lakes in Austin, even though 
the drainage area for Natural Dam Salt Lake 
is only 1 percent of that of Highland Lakes; 
however, the Natural Dam Salt lake contributed 
27 percent of the load to Highland Lakes. Much 
smaller increases in TDS were recorded in 
many other stream gauges. Gw–sw interactions 
had an impact on impaired stream segments, 
the Lower Pecos River, and the Little Wichita 
River, which are targets for the Total Maximum 
Daily Load (TMDL) program. The impairment 
listed for both is TDS. Results of this analysis 
indicate that groundwater discharge con- 
tributes significant loads to the Lower Pecos 
River (51–74 percent) but contributes very little 
to the Lower Wichita River (0–7 percent). The 
impact of gw–sw interactions on Superfund 
sites was examined using the Alcoa Plant at 
Point Comfort, Texas, and the Longhorn Army 
Ammunition Plant in Karnack, Texas. Results 
indicate that groundwater provides a primary 
pathway for contaminants from the Superfund 

sites to nearby surface water and site remediation 
involves treatment of groundwater. 

Riparian vegetation can play a critical role 
in gw–sw interactions by reducing flood flows 
and mitigating nonpoint-source contamination 
of surface-water bodies from groundwater 
discharge. The geographic distribution of ripar-
ian vegetation was evaluated from existing map 
products. The Vegetation Types of Texas map 
was developed by the Texas Parks and Wildlife 
Department in the late 1970’s to 1980’s. The 
map titled Ecoregions of Texas also provides 
information on riparian vegetation. Information 
on the dominant types of riparian vegetation 
in Texas was also reviewed and compiled, 
and lists of representative riparian vegetation 
are provided in this report. Data sources and 
methodologies for improved riparian vegeta- 
tion mapping are discussed, including the use  
of satellite imagery at varying scales from meters 
to kilometers. Proposed methods for mapping 
riparian vegetation are also described. 

The impacts of gw–sw interactions on water 
quantity were also evaluated. It was found 
that three automated methods for base-flow 
estimation (BFI, PART, RDF) produced similar 
results and could be manipulated to mimic one 
another. In general, BFI calculated the lowest 
estimates. Base-flow estimates over 91 gauges 
ranged from nearly 0 to over 90 percent of 
streamflow; the average was 34 percent. For 
80 percent of stations analyzed, return flows 
were less than 10 percent of base flow. For 
95 percent of stations analyzed, public-water 
intakes made up less than 10 percent of base 
flow. It was found that while base-flow index 
(BFI, as percentage), and total annual base flow 
(acre-ft/yr) were useful in evaluating a particular 
stream, total annual base flow normalized by 
contributing area of the basin (acre-ft/yr-mi2) 
was better for comparing gauges in different 
basins. When total annual base flow normal-
ized by contributing area was plotted, gauges 
located in the Gulf Coast aquifer displayed a 
trend of high normalized flows to the northeast, 
decreasing to the southwest.  
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This reconnaissance relied on existing data 
and helped us identify gaps in data that are 
required to assess gw–sw interactions. Future 
work should include collocation of groundwater 
monitoring (both water levels and water quality) 
and stream-gauge stage and quality monitoring. 
Streamflow gain–loss studies should be conducted 
in selected areas in the state. The location of 
existing stream gauges should be optimized 
relative to aquifer outcrop areas to improve our 
understanding of gw–sw interactions. Stream-
channel morphologies should be mapped using 
existing Texas Department of Transportation 
borehole data.  

Evaluation of Evapotranspiration  
Using Bowen Ratio Energy  
Budget Approach at Pantex
Bridget R. Scanlon, principal investigator;  
Robert C. Reedy, Kelley E. Keese

Evapotranspiration (ET) is the second-largest 
component of the water budget and reflects 
the role of vegetation in controlling the water 
cycle. A micrometeorological station was set 
up at the Pantex Plant in an irrigated field to 
monitor evapotranspiration. The Bowen Ratio 
Energy Budget system was established and is 
currently monitoring ET. Monitoring results 
should identify times when ET rates are low 
during vegetation dormancy. These times are 
critical for groundwater recharge and may 
control when contaminants are transported to 
underlying aquifers. These data will be used 
as a ground reference for satellite approaches 
to estimate ET. We will collaborate with the 
U.S. Department of Agriculture in developing 
satellite-based estimates of ET. 

Evaluation of Groundwater 
Contamination in the High Plains 
Aquifer in the Vicinity of Lubbock Texas
Bridget R. Scanlon, principal investigator;  
J. P. Nicot, Robert C. Reedy, Kelley E. Keese

This study involves an assessment of ground-
water contamination in the vicinity of Lubbock, 

Texas. Hill examined potential in situ treatment 
technologies for drinking water supply and 
assessed injecting ex situ treatment residuals into 
the source aquifer. The study area surrounding 
Lubbock includes Lubbock, Lamb, Hale, Floyd, 
Crosby, Garza, Lynn, Terry, and Hockley 
Counties. Many public-water-supply wells in 
the region exceed the maximum contaminant 
levels (MCL’s) for the following water quality 
constituents of concern (COC’s): nitrate (NO3), 
arsenic (As), fluoride (F), selenium (Se), uranium 
(U), radium-226 (Ra-226), and radium-228 
(Ra-228).

Stratification of naturally occurring contam-
inants was evaluated using GIS analysis of 
available groundwater-quality data and well 
depth and evaluation of geophysical logs to 
determine potential sources of contaminants. 
The Ogallala aquifer in the study area (Southern 
High Plains) was subdivided into a northern 
segment (Ogallala-N), which is characterized  
by water with low (<500 mg/L) total dissolved 
so l ids  (TDS) ,  and a  southern segment  
(Ogallala-S), which is characterized by water with 
high TDS (>500 mg/L). A third aquifer category, 
termed other, was assigned to all aquifers except 
the Ogallala. Arsenic concentrations exceed the 
EPA MCL of 10 µg/L in 31 percent of wells in the 
Ogallala-S aquifer, 6 percent in the Ogallala-N, 
and 8 percent in the other category. Arsenic 
concentrations are stratified and are highest in 
the upper 100 to 200 ft in the Ogallala-S aquifer. 
Nitrate contamination (≥10 mg/L nitrate-N) was 
also highest in the Ogallala-S aquifer (20 percent 
of wells) and much lower in the other two 
categories (0–1 percent). Nitrate concentrations 
are stratified and are highest (>10 mg/L) in 
the upper 200 ft and much lower below this 
zone. Correlations between nitrate and percent 
cultivated land suggest an anthropogenic source 
of nitrate. Fluoride contamination (>4 mg/L) is 
highest in the Ogallala-S aquifer (49 percent 
of wells), followed by the other category 
(18 percent of wells), and it is very low in the 
Ogallala-N category. Depth stratification in the 
Ogallala-S aquifer is similar to that for arsenic 
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and nitrate. Selenium contamination is rela-
tively minor: 4 percent of wells in the Ogallala-S 
aquifer, 2 percent in the other category, and 
0 percent in the Ogallala-N aquifer. Selenium 
concentrations are also highest in the upper 
200 ft in the Ogallala-S aquifer. Information on 
uranium distribution is available primarily from 
the east part of the study area from the National 
Uranium Resource Evaluation (NURE) database 
and indicates high levels of contamination in 
the Ogallala-S (19 percent of wells) and other 
(14 percent of wells) aquifers and none in the 
Ogallala-N aquifer. Uranium contamination is 
generally restricted to the upper 100 to 200 ft 
depth zone. Information on the distribution of 
radium is too limited to make a reliable assess-
ment. In summary, most contaminants display 
strong vertical stratification, with highest levels 
in the upper 100 to 200 ft in the Ogallala-S 
aquifer. Therefore, drilling deeper wells may 
reduce contamination in PWS wells. 

Geophysical well logs (~700) from the Bureau 
of Economic Geology Well Log Library and the 
TCEQ Surface Casing Unit were examined to 
map the distribution of high gamma zones in 
the region because these indicate radioactive 
shales that might source many of the COC’s. 
Approximately 110 of 250 logs have anoma- 
lously elevated gamma-ray values, the most  
areally extensive region being in Andrews, 
Gaines, and Yoakum Counties. These high 
gamma regions are generally not collocated 
with the areas of high groundwater contam-
ination; therefore, other sources of arsenic 
and radionuclides are likely. Mass-balance 
calculations also indicate that mapped distri-
butions of volcanic ash are insufficient to 
account for the widespread contamination in 
the Ogallala aquifer. 

Various approaches were investigated to 
conduct multilevel sampling of wells. The USGS 
well-bore flow and depth-dependent sampler 
provide many advantages over traditional 
approaches of conducting multilevel sampling, 
such as multilevel wells and packer systems. 
The term Stratified Aquifer Sampling is being 

used to describe this system. The advantages of 
the system are its small diameter, which allows 
multilevel sampling in existing PWS wells,  
and the ability to measure variations in flow 
with depth and to sample water at various 
depth intervals. The system should allow 
stratification of contamination to be accurately 
defined and would help determine whether 
contamination is restricted to specific depth 
intervals that could be excluded from future 
wells to minimize contamination. The Bureau 
of Economic Geology will build a Stratified 
Aquifer Sampling system, and 50 percent of the 
system will be funded by the Jackson School 
of Geosciences. Equipment for the system has 
been purchased, and the system will be built in 
the fall of 2005. 

Evaluation of Arsenic Contamination  
in Texas (TCEQ Arsenic)
Bridget R. Scanlon, principal investigator

New project.

Groundwater Surface Water 
Interactions in Texas (TCEQ GW/SW)
Bridget R. Scanlon, principal investigator

New project.

Impacts of Land Use/Land Cover 
Changes on Groundwater Recharge  
in the High Plains Special Study  
(U.S. Bureau of Reclamation)
Bridget R. Scanlon, principal investigator

New project.

Advanced Noble Gas  
Groundwater Sampling and  
Analysis (Lawrence Livermore)
Bridget R. Scanlon, principal investigator

New project.
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Review of Groundwater 
Evapotranspiration Rates  
(Texas Water Development Board)
Bridget R. Scanlon, principal investigator

New project.

Sustainable Water Resources 
Development in Texas (JSG)
Bridget R. Scanlon, principal investigator

New project.

Assessment of the Availability of 
Alternative Groundwater Supplies  
That Meet Arsenic MCL’s for  
Selected Public Water Systems  
in New Mexico (NM Arsenic)
Bridget R. Scanlon, principal investigator

New project.

Development of an Integrated 
Superconducting Gravity Meter  
Sensor System (NSF/DoGS)
Bridget R. Scanlon, principal investigator

New project.

Review of Documents and 
Dissemination of Environmental 
Geologic Information Related to 
Environmental Restoration at the  
U.S. Department of Energy’s  
Pantex Plant, Carson County, Texas 
(State Energy Conservation Office)
Bridget R. Scanlon, principal investigator

New project.

Regional Aquifer Study for  
Public Water Systems Compliance - 
Lubbock and Surrounding Areas  
(TCEQ Regional Aquifer – Lubbock)
Bridget R. Scanlon, principal investigator

New project.

Edwards Aquifer Authority  
Simulation Production
Susan D. Hovorka, principal investigator;  
Reuben Reyes, John R. Andrews,  
Jerome A. Bellian, Scott D. Rodgers

This project is a product of a long-term 
effort to supply results of current geologic 
and hydrologic advances in conceptualization 
of the San Antonio segment of the Edwards 
aquifer in a format accessible to the public. 
The Witte Museum, a science and history 
museum in San Antonio, provided an arena 
and raised funding for a visualization of flow 
processes in the Edwards aquifer. It was part 
of the museum’s 2005 special exhibit focusing 
on the aquifer and the “World of Water,” and 
the project will become part of the permanent 
exhibit in 2006. Museum staff, working with a 
community advisory board, requested a virtual 
field trip through the aquifer following a rainfall 
in the recharge zone, through flow paths within 
the aquifer, and discharging at San Marcos 
Springs. The visualization is presented in a 
“cave” environment, which is a curved, three-
screen, three-projector system that surrounds 
viewers and occupies their peripheral vision 
to provide an “immersive” viewpoint—as if 
they are experiencing the trip themselves. 
Visualization of Edwards cave systems and 
rendering of the images to give the sensation  
of being immersed within the aquifer are 
enhanced by the presentation technique.

Key to providing public access to current 
research was our use of high-resolution, three-
dimensional data sets to create the visualization. 
Bureau staff collected ILRIS surveys of the internal 
surface of four Edwards caves. The Texas Cave 
Management Association, members of the Bexar 
County and Travis County Grottos of the National 
Speleological Society, and staff of the Edwards 
Aquifer Authority and Texas Parks and Wildlife 
provided cave access and logistical support. 
Segments of these cave geomorphology data 
sets were used to create visualizations of larger 
aperture vadose and phreatic flow systems of the 
aquifer. The visualization of smaller diameter 
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pore systems was created by Jim Jennings and 
Charlie Kerans (Reservoir Characterization 
Research Laboratory) from a C-T scan of a 
carbonate rock sample from Pipe Creek. It 
was then scanned using the High-Resolution 
X-ray CT Facility, Department of Geological 
Sciences, The University of Texas at Austin. 
To populate the aquifer with selected cave-
adapted species, Dean Hendrickson, Curator 
of Ichthyology, Texas Memorial Museum, 
leant us preserved specimens of two Texas 
blindcats, Satan eurystoma and Trogloglanis 
pattersoni, which were scanned by Julian 
Humphries, DigiMorph.Org, High-Resolution 
X-Ray Computed Tomography Facility, The 
University of Texas at Austin. Scans were  
co-funded by John G. Lundberg, Department 
of Ichthyology, Academy of Natural Sciences. 
A C-T scan of a Texas blind salamander was 
donated from the Texas Memorial Museum 
collection. Jean Krejca, Integrative Biology,  
The University of Texas at Austin; Glenn Longley, 
Texas State University; and Gerald W. Sneegas  
provided movies, photographs, and consultation 
for creating visualizations of cave-adapted 
animals.

Data sets were subsampled, imported into  
3-D Studio Max, combined with whole Earth 
and digital elevation models, and used to 
realize a trip from space, to Central Texas, 
into a sinkhole, and through cavern, pore, and 
fracture systems of the aquifer to discharge at 
San Marcos Spring. Special effects were added 
by The University of Texas at Austin Faculty 
Innovation Center (FIC) under the direction of 
Directors Kathy Schmidt and Bruce Mitchell; 
Project Manager, Juan Diaz; Valerie Campbell, 
Video Producer; and Erik Zumalt, animator. 
The file was then rendered into a movie format.  
A narrative script written by Barbara Hendricks 
and recorded by Sandy Woods was added, 
along with a sound file prepared by FIC.  

In addition, Bureau staff prepared a short 
digital movie documenting the techniques used 
to create the aquifer visualization to complement 
it and document how cutting-edge science is 
brought to the public.

Field Validation of Geologic 
Assessment of Features Sensitive to 
Pollution in Karst and Development  
of Best Management Practices
Susan D. Hovorka, principal investigator;  
Adrien L. Lindley and Mike Barrett

This study, funded by Texas Commission on 
Environmental Quality, quantitatively evaluated 
the hydrologic function of typical, small karst 
features in the upland of the Edwards aquifer 
recharge zone. Because sinkholes may allow 
water or contaminants to be transported rapidly 
to the subsurface via fractures or conduits, they 
have the potential of being sensitive features 
if poor-quality water is introduced to the area 
during or after development. These small features 
have traditionally been described as “possibly 
sensitive,” leaving uncertainly as to appropriate 
protection or Best Management Practice  
(BMP) required by state law. 

In this study, pairs of sinkholes and control 
plot sets were subjected to constant-head, 
single-ring infiltrometer experiments at four 
sites located in the Edwards aquifer recharge 
zone. Infiltration rates at soil-lined sinkholes 
were found to be similar to background rates, 
but because the sinkholes are small-scale 
topographic depressions, they pond water and 
focus infiltration. To further assess the function 
of these features, we applied blue dye to the 
ponded water at two representative sinkholes 
and ran Ground Penetrating Radar Surveys 
(GPR) over them. Excavation showed that the 
sinkhole depressions are centered on small-
aperture (decimeter), solution-enlarged fractures 
and pits that were soil-filled as far as they 
could be excavated. Dye ponded around these 
vertical features, leaving a ring of stain before it 
drained. Repeat ponding tests after soil removal 
produced slightly higher but still soil-dominated 
infiltration rates. GPR surveys showed a possible 
void beneath one of the sinkholes; however, any 
conduits in the other three features are too small 
to be resolved using this technology.

In contrast, two features were tested that had 
been identified as sensitive and that accepted 
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water at rates as much as 30 times that of 
the background: an excavated solution cavity 
and a sinkhole with a cobble-filled drain had 
such infiltration rates. Other large-aperture 
features clearly accept large volumes of water; 
the infiltrometer method is not suitable for 
quantification of these high-volume features.  
In addition, a test in an area of Glen Rose 
bedrock around an ash juniper produced high 
infiltration rates.

Results suggest that small soil-floored sinkholes 
are sites of focused recharge mostly because of 
topographic depressions. If degraded water 
may be produced as a result of development, 
grading the land surface might be an adequate 
BMP. The recharge function of these small 
features might be replaced by conservation of 
more sensitive features having coarse fills or 
visible aperture. Site engineers should be aware 
that small sinkholes are part of the active karst 
system and may open to larger apertures and 
well-connected karst features at depth.

Gulf Coast Carbon Center
William A. Ambrose, principal investigator,  
Susan D. Hovorka, Ian J. Duncan, Mark H. Holtz, 
assisted by Vanessa L. Núñez López and Derek Woods

The Gulf Coast Carbon Center (GCCC) seeks to 
apply its technical and educational resources to 
implementing geologic storage of anthropogenic 
carbon dioxide on an aggressive time scale, 
focusing on a region where large-scale reduction 
of atmospheric releases is needed and short-term 
action is possible. Geologic sequestration—
capturing, compressing, and storing unwanted 
carbon dioxide in subsurface environments— 
is one of a portfolio of approaches for reducing 
the negative impacts of CO2 emissions.

GCCC was formed as an industrial-academic 
partnership in 2003 in recognition of the unique 
characteristics in the Gulf Coast as a region of 
concentrated CO2 sources and a wide array of 
co-located, subsurface sinks. Industry partners 
during 2005 are BP America, KinderMorgan, 
Chevron, Praxair, Entergy, NRG, Marathon, 
and Schlumberger. The roles of the industry 

partners are to supply information and serve 
as a “reality check” from the perspectives of 
their industries on how carbon storage and 
commercialization might develop in the region 
and to concur on GCCC’s message to advise 
governmental organizations, other think tanks, 
and other industries that are observing this 
process. GCCC partners provide funding that  
is used to conduct research, prepare and  
publish results and catalyze acquisition of 
additional funding from Federal, State, and 
industrial sources as needed to develop the 
center’s mission and tasks. The Jackson School 
provided matching funds for new members  
and additional funds during academic year 
2005-2006 to support addition of staff.

Products of GCCC during 2005 include 
completion of an inventory of initial volumetric 
estimates of Texas reservoirs suitable for CO2 
EOR and developing a nonparametric model 
for assessing production and CO2 usage on 
individual reservoirs using available data. 
Research within the group (Frio Brine Pilot and 
DOE Risk Assessment Project) also improved 
technical and public confidence that geologic 
storage can be predicted and subsurface 
movement of CO2 successfully monitored. 

GCCC Outreach included hosting two 
workshops, one on commercialization of CO2 
sequestration and one a cooperative venture 
with Texas PPTC on reserve growth potential 
from CO2 enhanced oil recovery along the 
Gulf. In addition, GCCC staff participated in 
numerous workshops and symposia world- 
wide, including the AJM Geosequestration 
Conference in Melbourne, Australia; the 4th DOE 
CCS Conference in Alexandria, Virginia; the 1st 
Indo-U.S. workshop on Carbon Sequestration in 
Hyderabad, India; AAPG Calgary; U.S.-Norway 
Sequestration Field School in Santa Fe, New 
Mexico; the Carbon Sequestration Leadership 
Forum in Berlin; the IEA Monitoring Network 
Workshop in Rome; the Society of Petroleum 
Engineers Carbon Capture and Storage Advanced 
Technology Workshop; and the Society of 
Petroleum Engineers- Permian Basin Carbon 
Management Workshop in Midland Texas. 
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Most important, GCCC served as a focus 
and source of expertise for numerous other 
carbon projects funded from diverse sources 
and conduced under its banner to develop 
a wide pool of expertise. These associated 
projects include Frio Brine Pilot Phase I and  II: 
Stacked Storage $4.9 million, duration October 
2005–2009, source Southern States Energy 
Board, PI Hovorka; Assessment of existing and 
new injection sites in west Texas, $1.1 million, 
duration October 2005–2009, PI Holtz, New 
Mexico Tech; Texas FutureGen, $2 million, 
duration August 2005–2006, PI Tinker, State 
of Texas; Assessment of potential of four 
regions for geologic storage, $75 thousand, 
Holtz PI, funding BP America; Frio Brine Pilot, 
$5.1 million, duration 2002–September 2005, 
source NETL, PI Hovorka; Support for SECarb 
$150 thousand, 2003–2005, source Southern 
States Energy Board, PI Hovorka; Support for 
SWCarb $20 thousand, 2003–2005, source  
New Mexico Tech,  PI  Kim/Holtz;  Risk 
Assessment, $110 thousand, 2004–2005,  
PI Nicot, source NETL.

Optimal Geological Environments  
for Carbon Dioxide Disposal in  
Brine-Bearing Formations in the United 
States—Phase III Pilot Sequestration  
in Brine in the Frio Formation
Susan D. Hovorka, principal investigator;  
Shinichi Sakurai, H. Seay Nance

Brine formations beneath, and separated from, 
potable water provide a large volume of widely 
available resources for storage of carbon dioxide 
(CO2) as an alternative to releasing byproducts of 
combustion into the atmosphere. To demonstrate 
that subsurface storage is effective in isolating 
CO2 from the atmosphere over long periods of 
time, BEG researchers conducted a ~$6 million 
field experiment funded by the Department of 
Energy, National Energy Technology Laboratory 
(DOE/NETL), and in-kind contributions from 
many partners. The experiment is known as the 
Frio Brine Pilot. BEG is leading the experiment 

in South Liberty oil field near Dayton, Texas, 
with the participation of 20 institutions from the 
United States, Australia, and Canada.

Project objectives are to:
1. Demonstrate to the public and other 

stakeholders that CO2 can be injected 
into a brine formation without adverse 
health, safety, or environmental effects; 

2. Measure subsurface distribution of 
injected CO2 using diverse monitoring 
technologies;

3. Test the validity of conceptual, hydrologic, 
and geochemical models; and

4. Gain experience necessary for develop-
ment of the next generation of larger 
scale CO2 injection experiments.

Extensive numerical modeling was done 
to select an optimal site and design the 
experiment, and, as a result, we chose to work 
in a non-oil-bearing, 7-m-thick interval in the 
Oligocene upper Frio Formation. Working 
in a two-phase (rock-brine) system reduced 
variables to allow for more rigorous matching 
of prediction to observation, as well as clearer 
quantification of CO2 during injection, than 
would have been possible in a three-phase 
(rock-brine-oil) system. A short, 10-day injection 
period allowed detailed measurement during 
injection and postinjection response because 
both occurred quickly. From October 4 through 
October 14, 2004, the Frio Brine Pilot team 
injected 1,600 tons of CO2 1,500 m below 
surface into a high-permeability, brine-bearing 
sandstone. Analytical results completed during 
the 10 months following the end of injection 
have improved our understanding of techniques 
and processes that are useful in monitoring the 
postinjection storage period:

1. Field measurements using neutron log-
ging for saturation, crosswell seismic, and 
VSP for imaging plume geometry were 
successful for measuring CO2 retained 
in the formation over time.

2. Models and conceptualization-significant 
CO2 is retained as permeability relative 
to gas decreases over time (two-phase 
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trapping); measurements confirm the 
correctness of this process.

3. Follow-on testing is designed to better 
quantify the two-phase processes under 
reservoir conditions, as well as buoyancy 
effects. This second round of testing has 
just begun.

Gulf Coast Carbon Center Participation 
in the Southeast  
Regional Sequestration Partnership
Susan D. Hovorka, principal investigator;  
Mark H. Holtz, Rebecca C. Smyth, and H. Seay Nance

To complement Gulf Coast Carbon Center 
activities and better integrate them with the DOE 
national program, the BEG research team joined 
the Southeast Regional Carbon Sequestration 
Partnership, which is led by the Southern States 
Energy Board. Results of the 2-year study include 
assessment of storage capacity in the 15 states of 
the southeastern U.S., including the eastern half 
of Texas, and identifying, designing, proposing, 
and having accepted a Phase II  field study.

The most immediate and best-known poten-
tial for geologic storage of CO2 in the SECARB 
region is in miscible oil reservoirs along the 
Gulf Coast. On a reservoir-by-reservoir basis, 
capacity of the subsurface is very well known, 
quality of the seal is proven, and cost of storage 
would be offset by CO2-EOR. CO2 that could be 
stored as part of this economic activity measures 
2,600 million metric tons. Very large volumes of 
CO2 could be stored in the same area in brine-
bearing sandstones having high-quality shale 
seals that would isolate CO2 from underground 
sources of drinking water and not allow it to 
escape into the atmosphere. 

Part of the SECARB region is underlain by  
rocks of the Blue Ridge and Piedmont physi-
ographic provinces. The rocks are crystalline 
and metamorphic and have low potential for 
providing geologic environments for the storage 
component of CCS. Beneath the west part of 
the coastal plain, sedimentary rocks are shallow 
(<2,400 ft below surface) so that injected CO2 

would be in gas phase, and pore fluids are 
fresh so that injection would most likely be 
prohibited. We rank the likelihood of locating 
suitable, secure, large-volume storage sites in 
the Blue Ridge, the Piedmont, and most of the 
Atlantic Coastal Plain as very low.

On the eastern seaboard, sedimentary rocks 
are found at sufficient depths (>2,400 ft below 
surface) only very near the Atlantic Coast. Pore 
fluids also become saline at about the same 
location—meeting the criterion for storage that 
it occur below potable water. The volumes that 
could be stored and the degree of separation 
of injected CO2 from potable resources have 
not been assessed, and additional research is 
needed to determine whether there is an option 
for CCS at sites in this area. That CO2 could be 
stored offshore in the Atlantic Shelf sedimen-
tary wedge is a possibility in need of additional 
investigation. 

The field experiment that has been accepted 
by DOE as a Phase II project is designed to 
test performance of the subsurface so that we 
can better understand risks or uncertainties that 
recur in a number of source-sink assemblages  
in this region, have significance in other regions, 
and are subject to experimental resolution. 
Selected issues are (1) performance of faults in 
contact with CO2 and (2) response of diverse 
surface ecosystems to stresses that might be 
the result of injection beneath them. We think 
that the most rigorous test to reduce these 
uncertainties will be one using a significant 
volume of CO2. We therefore propose that the 
experiment be on an economic footing—that is, 
be part of an EOR activity in an area where CO2 
is now commercially available. This criterion 
narrows our site search to a specific type of 
facility in three regions: the middle Gulf Coast, 
with the source from refineries in Texas City; 
the upper Gulf Coast, with source refineries in 
Beaumont or Lake Charles; or Mississippi, with 
a natural CO2 source from the Jackson dome. 
Site selection will be completed in 2006.
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Technical Studies to Support TCEQ  
on Environmental Quality Review  
of Low-Level Radioactive Waste
Jay Raney, principal investigator

The Bureau of Economic Geology is providing 
technical support to the Texas Commission on 
Environmental Quality in its review of a license 
application to dispose of low-level radioactive 
wastes.

Study to Evaluate Electronic Access 
to Geologic Data and Surface Casing 
Depths Necessary to Protect Usable 
Groundwater in the State
Jay A. Raney, principal investigator; David C. Jordan 

This study is a collaboration with TCEQ 
surface casing staff to develop a prototype 
Website for electronic access to geologic data 
and surface casing depths necessary to protect 
usable groundwater in Texas. The result, the 
Surface Casing Information Site, provides a 
digital database for use by TCEQ, well operators, 
and the public and enables 24-hour electronic 
access to geologic data necessary for Texas’ 
oil and gas operators and TCEQ. Users can 
generate location maps of proposed well 
locations required by TCEQ, obtain estimates 
of probable surface casing requirements, and 
review well logs and other relevant information. 
The Website currently includes data from Brazos, 
Leon, Madison, and Robertson Counties. Data 
for three additional counties will be added in 
2005–2006. The digital database benefits oil 
and gas operators and the public and reduces 
the time and effort required for TCEQ review.

COASTAL PROCESSES

Galveston Bay:  
Wetland Habitat Transition  
Due to Relative Sea Level Rise
James C. Gibeaut, principal investigator

Researchers are determining the likely future 
distribution of estuarine wetland habitats and 
uplands under various relative-sea-level-rise 
scenarios. We are combining our research-
quality lidar digital elevation models of Follets 
and Galveston Islands and Bolivar Peninsula 
with our recently completed wetland maps. This 
project will quantify topographic relationships 
of wetlands in the study area and then artifi-
cially raise the sea level (lower the topographic 
surface) to simulate future relative-sea-level 
rise. Other effects, such as differential land 
subsidence across the study area and vertical 
sediment accretion, will also be incorporated 
into the inundation model. We will model 
future distribution of wetlands using various sea-
level-rise scenarios for the next 100 years.

Results of the wetland modeling will describe 
which areas are most susceptible to change and 
where uplands, if preserved, will allow wetlands 
to transgress. The distribution of coastal habitats 
is strongly related to elevation above or below 
mean sea level (msl). The style of transition 
of estuarine habitats during rising sea level is 
largely dependent on the slope of the upland 
and sediment supply. Fringing wetlands on  
the barrier islands of lower Galveston Bay exist 
within a narrow elevation range with shifts from 
barren tidal flat to marsh to upland vegetation 
occurring across areas, with only a 50 to 60 cm 
rise in elevation. This amount of topographic 
change may occur gradually over an extensive 
coastal plain or, as is the case on the bay sides 
of Follets, Galveston, and Bolivar Islands, on 
a small and complicated scale across relict 
geomorphic features, such as storm washover 
and flood-tidal delta deposits and beach  
ridges and swales.
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Web-Based Geographic Information 
System for Sand Resources of Sabine 
and Heald Banks and the State of 
Beach Erosion in Southeast Texas
James C. Gibeaut, principal investigator;  
Thomas A. Tremblay and Rachel L. Waldinger

Shoreline retreat along the Texas southeast 
coast has prompted interest in finding sources 
of sand for beach nourishment projects. In 
2001 and continuing in 2002, BEG renewed 
investigation of sand resources in Federal waters 
of the Texas continental shelf in cooperation 
with the Division of International Activities 
and Marine Minerals (INTERMAR) of the U.S. 
Department of Interior’s Minerals Manage- 
ment Service (MMS). MMS and BEG cooperated 
from 1993 through 1995 in collecting and 
analyzing data pertaining to Sabine and 
Heald Banks. During 2001, earlier data were 
incorporated into a geographic information 
system (GIS). During 2002, extensive core data 
from the central Texas coast belonging to Rice 
University were added to the Web-based GIS site 
using ArcIMS software. Data and documenta-
tion may be viewed and downloaded from 
http://www.beg.utexas.edu/coastal/sand.htm. 
In addition to geological data, GIS layers of 
obstructions to potential sand-mining operations, 
such as oil platforms, pipelines, shipwrecks, and 
navigation channels, are available. Shoreline 
data acquired by BEG’s lidar system in 2001 
and 2002 were also analyzed during 2002 and 
integrated with historical shoreline data sets 
that BEG maintains to compute short- and long-
term shoreline change rates. This information is 
required to design and estimate the volume of 
sand needed for beach nourishment projects. In 
2005, additional lidar data were acquired before 
and after Hurricane Rita.

Texas Tidal Inlets Project:  
Depositional Environments and 
Morphodynamics of San Luis Pass
James C. Gibeaut, principal investigator;  
Tiffany L. Hepner, Rachel L. Waldinger,  
William A. White, Rebecca C. Smyth,  
Roberto Gutierrez, and John R. Andrews

San Luis Pass is a tidal inlet between Galveston 
and Follets Islands along the southeast Texas 
coast. It is a natural inlet in that it has never been 
dredged nor have jetties been constructed. This 
project is developing baseline data for the inlet 
area, including geoenvironments, bathymetry, 
topography, shoreline change, and tidal prism. 
It is also developing a morphodynamic model 
that describes and explains historical variation 
in channel orientations and changes in ebb- and 
flood-tidal deltas and adjacent shorelines.

The Texas General Land Office is funding 
this study because tidal inlets play a variety of 
critical roles. They serve as passageways for 
commercial and recreational vessels, as well 
as marine life and nutrients. Tidal inlets affect 
water quality in coastal bays, and deposition 
of sediment near inlets forms foundations for 
intertidal habitats. Inlet processes are also 
fundamental controls on the littoral sediment 
budget and, hence, affect shoreline change. 
Full understanding of coastal erosion problems 
along the Texas coast must include examination 
of processes occurring at the 13 open inlets and 
several more that are periodically open.

The Texas Shoreline Change Project
James C. Gibeaut, principal investigator;  
Roberto Gutierrez, William A. White, Thomas A. 
Tremblay, Rachel L. Waldinger, Tiffany L. Hepner, 
Rebecca C. Smyth, and John R. Andrews

Texas has a variety of shoreline types along 
its coastal bays and open Gulf of Mexico coast 
that are constantly shifting and mostly retreating 
landward. This retreat results in loss of private 
and public property and important natural 
habitats, such as beaches, dunes, and marshes. 
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To address this problem, in 1999 the Texas 
Legislature passed the Coastal Erosion Planning 
and Response Act. This Act authorized the 
General Land Office to conduct a coastal-
erosion response program. In support of the 
program, BEG coastal researchers are identifying 
and studying eroding areas along the Gulf of 
Mexico and coastal bay shorelines of Texas. 
They are quantifying data gleaned from research 
and creating a comprehensive, digital database 
of historical shoreline positions and average 
annual rates of shoreline change and are making 
them available to the public through the Internet 
(http://www.beg.utexas.edu/coastal/intro.htm). 
Funding is provided by the Texas General Land 
Office, Texas Coastal Management Program, 
and Galveston County.

The goal of the Texas Shoreline Change 
Project is to develop a modern shoreline-
monitoring and shoreline-change analysis 
program that will help guide coastal-erosion 
and storm-hazard-mitigation projects along 
bay and Gulf shorelines. This goal is being 
met through digital rectification of historical 
photographs to extract past shoreline positions, 
airborne topographic lidar surveys for acquir- 
ing new and future shoreline data, select ground 
topographic transects, and establishment of 
Global Positioning System (GPS) reference points 
to support the monitoring. Previous funding 
from NASA has enabled BEG to develop the 
application of lidar and geodetic GPS surveys 
for tracking coastal change. BEG owns and 
operates an Optech Inc. lidar instrument and 
is continually developing new and improved 
coastal survey techniques.

Status and Trends of  
Wetlands on Barrier Islands,  
East Matagorda Bay to Freeport
William A. White, principal investigator;  
Thomas A. Tremblay, Rachel L. Waldinger, and  
Thomas R. Calnan (Texas General Land Office)

Wetland status and trends were investigated 
along the Texas coast from East Matagorda Bay 
to Freeport. This stretch of coast, approximately 

45 km in length, includes one of the most 
rapidly eroding shorelines (27 ft/yr) along the 
Texas coast. Substantial wetlands have been 
lost due to the erosion near the San Bernard 
National Wildlife Refuge where productive salt 
marshes have undergone severe erosion since 
the 1950’s. In contrast to wetland losses due to 
erosion, the study area includes the Brazos River 
Delta, where accretion rates exceeding 70 ft/yr 
have contributed to local wetland expansion. 
Wetlands and aquatic habitats are dominated by 
estuarine emergent wetlands (salt and brackish 
marshes). Major habitats in the estuarine and 
palustrine system include salt, brackish, and fresh 
marshes, tidal flats, oyster reefs, aquatic beds, 
and Gulf beaches. In 2002, wetland and aquatic 
habitats (excluding open water) were dominated 
by estuarine marshes with a total area of about 
8,320 ha (~20,542 acres), followed by palustrine 
marshes totaling 1,330 ha (3,284 acres). These 
marshes make up 45 percent of the Freeport–
East Matagorda Bay study area, which includes 
the San Bernard National Wildlife Refuge. 
Other major components of the study area are 
oyster reefs, open water, and uplands. Salt and 
brackish marshes had a net increase of about 
8 percent in the study area from the 1950’s 
through 2002. In 2002, total area of this habitat 
was approximately 8,320 ha.

This study complements our previously 
completed investigation of wetlands on barrier 
islands from Matagorda Bay to San Antonio Bay 
and from East Galveston Bay to Christmas Bay 
(White and others, 2002, 2004). The objective 
of this research, funded by the National Oceanic 
and Atmospheric Administration through the 
Coastal Management Program, and the Coastal 
Coordination Council, along with funding ad-
ministered by the General Land Office of Texas, 
is to determine, using recent and historical 
aerial photographs supported by field surveys, 
wetland status and trends and probable causes 
of trends along this stretch of coast. Current 
wetland distribution (status) was determined 
by interpreting and digitizing wetlands on 
color infrared (CIR) photographs taken in 2002. 
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Historical distribution was based on photo-
graphs taken in the 1950’s and 1979, as well as 
on historical GIS maps obtained from the U.S. 
Fish and Wildlife Service.

Status and Trends of Wetlands and 
Aquatic Habitats on Barrier Islands, 
South Padre Island
William A. White, principal investigator; Thomas A. 
Tremblay, Rachel L. Waldinger, Tiffany L. Hepner,  
and Thomas R. Calnan (Texas General Land Office)

In contrast to extensive marshes on barrier 
islands along the central and upper Texas coast, 
wetland and aquatic habitats on South Texas 
barriers are characterized by a few, but very 
essential, salt and brackish marshes, extensive 
wind-tidal flats, Gulf beaches, storm washover 
channels, and, along the margins of south 
Laguna Madre and South Bay, marine grasses, 
black mangroves, and marshes. The status and 
trends of wetlands and aquatic habitats were 
investigated on South Padre Island and the area 
around South Bay. The study area extends from 
Mansfield Channel to the Rio Grande.

The most extensive habitats are the wind-
tidal and algal-flat classes, together covering 
21,666 ha (53,538 acres). Emergent vegetated 
wetlands (marshes and mangroves) cover 768 ha  
(1,898 acres), about 80 percent of which is 
estuarine marsh. Another important habitat along 
the margin of South Padre Island is seagrass, 
which in the study area has an area of almost 
4,000 ha (~9,884 acres). Seagrass beds extend 
beyond the study area into central Laguna Madre. 
Analysis of trends in wetlands and aquatic 
habitats from the 1950’s through 2002 shows 
that wind-tidal/algal flats decreased in area from 
the 1950’s through 1979 and increased slightly 
from 1979 through 2002. Wind-tidal flats are, 
by far, the most extensive habitat. The broader 
distribution in the 1950’s may be partly related 
to the mid-1950’s drought, when estuarine open 
water was apparently at lower levels than in 
1979 and 2002. Accordingly, more flats would 
have been exposed at that time. Seagrasses 
appeared to decline from the 1950’s through 

1979 and then increase to a higher level by 
2002. Total areas of estuarine marshes were 
relatively stable, not changing more than about 
30 ha (~74 acres) between periods. Their spatial 
distribution, however, was not necessarily the 
same. Estuarine scrub/shrub wetlands (primarily 
mangroves) showed an increase in time.

Funded by the National Oceanic and 
Atmospheric Administration through the 
Coastal Management Program, along with the 
Coastal Coordination Council, and with funding 
administered by the General Land Office of 
Texas, this study complements our investiga-
tions of the status and trends of wetlands and 
aquatic habitats on Texas barrier islands along 
the central coast (White and others, 2002), 
and upper coast (White and others, 2004). 
We determined current wetland distribution 
(status) by interpreting and digitizing wetlands 
on color infrared (CIR) photographs taken in 
2002 and 2003. Historical distribution is based 
on photographs taken in the 1950’s and 1979, 
as well as on historical GIS maps obtained from 
the U.S. Fish and Wildlife Service.

Geohazards Map of Galveston Island
James C. Gibeaut, principal investigator;  
Thomas A. Tremblay, Rachel L. Waldinger,  
Edward W. Collins, and Tiffany L. Hepner

This work will provide the City of Galveston 
with a geohazards map of Galveston Island. 
The project is an outgrowth of a preliminary 
report presented to the City by an expert 
panel of geologists chaired by James Gibeaut. 
That report, titled “Living with Geohazards 
on Galveston Island: A Preliminary Report 
with Recommendations” and presented to 
the City Council in July 2004, includes a 
recommendation for creating a geohazards 
map. This map will consider the spatial and 
temporal patterns of geological processes, 
geomorphology, and geoenvironments (e.g., 
wetlands and dunes) that combine to create 
potentially hazardous conditions. The goal of 
the mapping is to provide information necessary 
to the planning process. The map will also serve 
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to increase public awareness of the natural 
physical processes acting on the island.

BEG’s Coastal Studies Group has acquired 
several large data sets pertinent to delineating 
geohazards on Galveston Island. These data 
sets, which include topography, photography, 
wetlands, and historical shoreline positions, 
will be combined with newly mapped features 
in creating the geohazards map. The approach 
to constructing the map will be first to create 
digital map layers in a Geographic Information 
System (GIS). Each layer will contain a specific 
type of information pertinent to delineating 
geohazards. We will then overlay these layers 
in the GIS and combine the information into a 
hybrid map of geohazards.

Lidar Digital Elevation Data and  
Related Products, Ventura, California
James C. Gibeaut, principal investigator

A new project in 2005 for the BEG lidar 
team.

Coast of California Storm and  
Tidal Wave Study, Santa Barbara and 
Ventura Counties—Lidar Survey
Roberto Gutierrez, principal investigator

A new project in 2005 for the BEG lidar 
team.

Airborne Lidar Survey in Vicinity  
of Mustang Island
Roberto Gutierrez, principal investigator

A new project in 2005 for the BEG lidar 
team.

Lidar Digital Elevation for Coyote Wash 
and South Avatatz Fan, California
Roberto Gutierrez, principal investigator

A new project in 2005 for the BEG lidar 
team.

Status and Trends of Wetlands and 
Aquatic Habitats on Barrier Islands, 
Coastal Bend
William A. White, principal investigator;  
Thomas A. Tremblay, Rachel L. Waldinger, and  
Thomas R. Calnan (Texas General Land Office)

This project is a joint project between the 
General Land Office and the Bureau of Economic 
Geology (BEG). We are using historical and 
recent aerial photographs supported by field 
surveys to determine spatial and temporal 
changes in salt-, brackish- and fresh-water 
marshes, mangroves, tidal flats, and water 
bodies on San Jose Island, Mustang Island, and 
North Padre Island. Coastal wetlands on barrier 
islands are essential natural resources that are 
highly productive biologically and chemically 
and are partly benefiting long-term productivity 
and public use. The study area encompasses 
barriers along Aransas Bay, Corpus Christi Bay, 
and Upper Laguna Madre. Wetland losses and 
gains and probable causes will be documented 
from the 1950’s to 1979 through 2004 (or the 
most recent aerial photographs available). 

Previous studies by BEG of barriers on the  
upper and central Texas coast indicate substantial 
losses in wetlands due to subsidence and 
associated relative sea-level rise. In contrast to the 
upper coast, past studies of wetlands in the Corpus 
Christi and Aransas Bay areas by BEG, Texas 
Parks and Wildlife Department, and TAMU-CC  
show that some marshes have expanded as a 
result of relative sea-level rise. Our study will 
be a detailed analysis of wetlands and aquatic 
habitats on the Coastal Bend barriers and provide 
updated information on marsh distribution and 
temporal and spatial changes. The most recent 
National Wetlands Inventory (NWI) data for 
the area were completed using 1992 aerial 
photographs. More recent analyses have not 
been conducted. Results of the study will help 
expand our understanding of marsh changes on 
Texas barrier islands and will pinpoint wetlands 
threatened by erosion, subsidence, human 
activities, and other processes and provide site-
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specific information on implementing marsh 
restoration and protection projects.

Funded by the National Oceanic and Atmos-
pheric Administration through the Coastal 
Management Program, along with the Coastal 
Coordination Council, with funding adminis-
tered by the General Land Office of Texas, this 
study complements our investigations of the 
status and trends of wetlands and aquatic 
habitats on Texas barrier islands along the 
central coast (White and others, 2002) and 
upper coast (White and others, 2004) of an 
ecosystem on which a variety of flora and fauna 
depend. Scientific investigations to determine 
status and trends of wetlands directly assist in 
their protection and preservation.

GEOLOGIC MAPPING

Geologic Mapping for  
the STATEMAP Program
Jay A. Raney, Edward W. Collins, and James C. Gibeaut, 
co-principal investigators; Thomas A. Tremblay,  
Rachel L. Waldinger, Tiffany L. Hepner, Becky C. 
Smyth, Roberto Gutierrez, and William A. White

The goal of the Texas STATEMAP projects, 
part of the National Cooperative Geologic 
Mapping Program administered by the U.S. 
Geological Survey, is to produce geologic 
maps of areas of Texas where knowledge of the 
geologic framework is of vital importance. Study 
areas for the Texas program typically include 
areas having specific environmental and natural 
resource concerns, urban and rural corridors 
experiencing population growth, and areas 
of critical aquifers and their recharge areas. 

Two Current Mapping Projects
Researchers are currently mapping two 

barrier-island areas of the Texas Gulf Coast, 
Galveston and Mustang Islands, to provide 
information that will aid in the planning of 
land use and management of these islands. 
Within these barrier-island settings, natural and 
human-induced processes including erosion 
along the Gulf shore and subsidence caused by 

active surface faults, dredging channels, road 
construction, regional subsidence, and sea-level 
rise can rapidly change island environments, 
such as beach, dune, wetland, and upland areas. 
These maps will aid in evaluating shoreline 
changes, changes in geologic depositional 
environments, and changes in land use. Airborne 
lidar data are being used, along with aerial 
photography and field observations for this 
study. 

A second project is the geologic mapping 
of a portion of the Brazos River Valley and 
the associated aquifers within Robertson 
and Milam Counties. In this study area, the 
Brazos River alluvial aquifer, a prolific alluvial 
aquifer, intersects three other significant Texas 
aquifers—the Carrizo-Wilcox, Queen City, and 
Sparta aquifers. These aquifers supply much 
of the water required for urban, rural, and 
agricultural needs in the region. This geologic 
map can be used to evaluate the area’s geologic 
framework, aid in understanding the physical 
and hydrologic relationships between the 
aquifers, and provide geologic information useful 
for managing water quality and availability.  

Recently Completed Maps
The Geologic Map of the Del Rio, Texas, 

Area, an open-file 1:100,000-scale geologic 
map, was completed during 2005. The map area, 
a Rio Grande border area in south-central Texas, 
includes Del Rio, Amistad National Recreation 
Area, and major transportation routes from 
Mexico. This area contains Cretaceous bedrock 
and upper Tertiary to Quaternary surficial de-
posits. It is within the southern Edwards Plateau 
part of the important Edwards limestone aquifer, 
and the area also includes part of a smaller 
aquifer, the alluvial Uvalde aquifer. This map 
is intended to be used by professionals and 
laypersons as a source of general geologic 
information for land and resource use and 
management. It provides general data for those 
interested in sources of construction materials, 
engineering properties of near-surface materials, 
groundwater resources, areas of recharge, and 



BUREAU OF ECONOMIC GEOLOGY — 2005 Comprehensive Report  38

geologic hazards such as flooding, erosion, and 
expansive soils.

The Geologic Map of the West Half of the 
Taylor, Texas, 30 × 60 Minute Quadrangle: 
Central Texas Urban Corridor, encompassing 
Round Rock, Georgetown, Salado, Briggs, 
Liberty Hill, and Leander and its accompanying 
text booklet are scheduled to be published during 
late 2005 as part of the Bureau’s Miscellaneous 
Map Series. This map and booklet illustrate and 
describe the physical geology of a Central Texas 
area that is undergoing rapid urban and sub- 
urban growth. The study area contains Creta-
ceous bedrock, the regionally important Edwards 
aquifer’s northern segment and recharge zone, 
and a part of the regional Balcones Fault Zone. 

Mapping of Padre Island  
National Seashore and  
NPS mapping support in Texas
James C. Gibeaut, principal investigator;  
Thomas A. Tremblay, Tiffany L. Hepner,  
Rachel L. Waldinger, and William A. White

In 1980, BEG published a map titled Geology 
and Natural Environments of Padre Island 
National Seashore that was based on aerial 
photographs taken in 1975. The geology and 
natural environments have changed significantly 
over the past 28 years, and now the National  
Park Service is funding a 2-year program to remap 
this dynamic environment. BEG researchers are 
remapping Padre Island National Seashore 
using the 1980 map as a template for the new 
map. The mapping is based on color infrared 
digital orthophotos acquired in 2003 and other 
photography as needed. Photo interpretation 
and mapping of geoenvironmental units is  
being conducted at a scale of 1:8,000 or larger. 
The final map will be at least as accurate as  
1:24,000-scale U.S. Geological Survey Topo-
graphic Quadrangle maps. 

The new map will provide data for evaluation 
of the many changes in both geology and natural 
environments that have occurred since 1975. 
This information is valuable for park manage-

ment and helps meet objectives of the National 
Inventory and Monitoring Program. This work 
will also benefit from ongoing studies in the 
Laguna Madre area funded by other sources. In 
2005, a draft map, currently under review at the 
National Park Service, was completed.

Delineating Salinity Sources  
along Segments of the  
Colorado River and Petronila Creek 
Jeffrey G. Paine, principal investigator

In this major water salinization study sponsored 
by the Texas Commission on Environmental 
Quality (TCEQ), we employed airborne and 
ground-based electromagnetic induction (EM) 
methods and complementary water sampling 
and analysis to identify and assess the extent, 
intensity, and potential source areas of salinity-
impacted segments of the Colorado River in 
West Texas and Petronila Creek near Baffin Bay. 
An innovative, helicopter-based geophysical 
survey was conducted in February that acquired 
EM data (1) along the Colorado River axis from 
Lake Ivie to Lake Thomas and (2) within a 
corridor centered on Petronila Creek. These data 
revealed salinized areas that contribute water 
high in dissolved solids that degrades stream 
water quality. These data, along with water-
flow measurements and chemical analyses 
of water samples, are being used by TCEQ 
and its subcontractors to constrain models of 
constituent loading in these streams and direct 
future mitigation efforts aimed at improving 
water quality. Two comprehensive reports 
summarizing project results were completed  
in August.

Self-Sealing Evaporation Ponds
Jean-Philippe Nicot, principal investigator

Because the Texas population is expected 
to grow tremendously in the coming decades, 
municipalities and other water-supplying entities 
will have to supplement or replace their current 
fresh-water sources. Desalination of brackish 
water is part of the mix and could become the 
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sole source of water for some West Texas cities. 
However, concentrate disposal could impede 
further consideration of desalination because of 
legal, technical, and cost challenges. An option 
for small facilities (<1 million gallons a day) is 
to use evaporation ponds. Such ponds legally 
require at least a geomembrane or clay liner 
on the bottom and on the sides, which can be 
prohibitively expensive for small communities, 
especially if a leak occurs. A solution that may 
allow less reliance on conventional liners and 
that would limit leaks is to use self-sealing 
evaporation ponds. Water chemical composition 
of those ponds is such that the precipitating 
material creates a low-permeability layer that 
would heal itself if punctured. This project will 
examine the possibility of incorporating a low-
permeability layer (precipitant) into the pond 
liner system as a liner component (e.g., the 
low-permeability layer will be used as a liner 
in a double-liner system or as a component in a 
composite liner) or possibly as the liner itself.

By design, material accumulates at the bottom 
of an evaporation pond. The sludge consists 
primarily of less-soluble salts, such as calcite 
and gypsum, and its chemical composition 
is a function of that of feed water. The first 
objective of the work, supported by the Texas 
Water Development Board, is to understand 
the chemical evolution of desalination 
concentrates as they become more concentrated 
by evaporation. The second objective is to 
understand flow characteristics of the sludge/
precipitates. We propose to look at selected 
concentrate compositions, examine whether 
they can generate material with self-sealing 
properties and, if not, identify what additives or 
additional material would have to be provided 
for them to acquire those properties. We will 
also look at the ensuing legal issues at Federal 
and State levels. 

Development of Science-Based 
Permitting Guidance for Geological 
Sequestration of CO2 in Deep Saline 
Aquifers Based on Modeling and  
Risk Assessment
Jean-Philippe Nicot, Principal Investigator

The project is funded by the Department of 
Energy in collaboration with Pacific Northwest 
National Lab. Geological sequestration of CO2 
has been recognized as an important way of 
mitigating increase in atmospheric CO2. The 
objective of this study is to develop science-based 
permitting procedures for CO2 sequestration 
that are based on review of existing permitting 
procedures (e.g., deep-well injection and high-
level radioactive waste disposal), simulation 
of flow and transport of CO2 in a generic 
reservoir and evaluation of CO2 migration 
pathways (diffuse vs. focused) and potential 
leakage, evaluation of risk on the basis of  
probability distributions of input parameters 
(e.g., permeability, density of faults) and related 
consequences, and ranking of parameters 
analyzed in the risk assessment to allow site 
characterization and monitoring to focus on 
critical parameters for CO2 sequestration.

Permitting is a critical issue for stakeholders 
because highly restrictive permitting guide- 
lines could limit the use of geologic seques-
tration of CO2, whereas lax regulation could 
result in public objection and negative 
consequences for injection. Our studies will 
focus on long-term (hundreds to thousands of 
years) migration of CO2 in the subsurface in 
the Texas Gulf Coast and Ohio–West Virginia 
areas, where large volumes of CO2 are currently 
released and high-quality data are available 
from pilot injections. The applicability of 
results from these regions to other sites will be 
evaluated on the basis of a comparison with 
the national database on saline aquifers. This 
comprehensive approach to development of 
robust, reliable permitting procedures that is 
based on a thorough evaluation of existing data 
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and risk assessment will increase confidence 
in operators, regulators, the public, and other 
stakeholders in the geologic sequestration 
process.

Development of a Database for 
Desalination Facilities in Texas
Jean-Philippe Nicot, Principal Investigator,  
Steven E. Walden

The State of Texas has a renewed interest 
in desalination. However, no accurate central 
database on desalination of Texas facilities 
existed before this work. Sponsored by the 
Texas Water Development Board (TWDB), 
The University of Texas at Austin, Bureau of 
Economic Geology, undertook an exhaustive 
study of public water systems (PWS) engaged in 
desalination. A rough estimate of industrial and 
non-PWS desalination capacity is also given in 
the report. This study is thought to be the first 
at the state level to include all PWS facilities 
with a design capacity greater than or equal to 
0.025 million gallons per day (MGD). 

In the course of the study, more than 100 PWS 
were contacted, along with a few non-PWS 
facilities. It appears that the state of Texas 
currently contains about 38 PWS facilities 
with a desalination design capacity greater 
than or equal to 0.025 MGD, a cumulative 
desalination design capacity of  about 52 MGD, 
and another approximately 50 facilities with 
smaller desalination design capacity, for a 
cumulative desalination design capacity of just 
under 0.5 MGD. Industrial capacity amounts 
to roughly 60 to 100 MGD in hundreds of 
units, mainly in the power and semiconductor 
industries. These industries typically require 
water of better quality than that of typical 
municipal water. The food and beverage industry 
also makes use of desalination units. Its quality 
requirements are closer to those of municipal 
water treatment plants. We collected information 
on design capacity and average production, as 

well as on permeate blending. The vast majority 
of facilities use reverse osmosis, although a 
few use the electrodialysis reversal process. 
Both surface water and groundwater are used 
as feedwater, whose average TDS is about 
1,800 ppm. Concentrate disposal methods vary: 
evaporation pond, municipal sewer, surface 
water, and land application. The past few years 
have seen an explosion of desalination capacity 
in the state as a whole.

Airborne Lidar Survey for the Southern 
California Beach Processes Study: 
Point La Jolla to Dana Point
Roberto Gutierrez, principal investigator;  
James C. Gibeaut, Tiffany L. Hepner,  
Rebecca C. Smyth, and Amy Neuenschwander  
(The University of Texas at Austin Center for  
Space Research)

The goal of this joint program between the 
University of California, Scripps Institution of 
Oceanography, and BEG is to understand beach 
processes in Southern California, especially the 
relationship between seasonal storm patterns, 
ocean waves, and changes in beach sand level. 
The original objective of the collaboration was 
to collect topographic data along the coast from 
Point La Jolla to Dana Point and develop new 
methods of shoreline mapping using airborne 
lidar technology. Lidar surveys were conducted 
in May, September, and December of 2002 
during periods of low tide. Additional surveys 
were conducted in March and October 2003. In 
2004, the survey area was increased to include 
the shoreline from Long Beach south to the U.S.-
Mexico border at Tijuana. Despite poor weather 
and serious wildfires in southern California 
during 2004, a comprehensive survey of this 
extended area was successfully completed in 
October. The shoreline between Long Beach 
and the U.S-Mexico border was resurveyed in 
April and October 2005. These data are being 
analyzed at Scripps and UT.
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OUTREACH
 USING TECHNOLOGY 
AT BEG
 DEVELOPING A GIS DATABASE 
INFRASTRUCTURE AT BEG

New and exciting things are happening with 
Geographic Information Systems (GIS) at the 
Bureau of Economic Geology. The Bureau has 
massive amounts of data—and a large percentage 
of these data contain spatial attributes. In other 
words, the data and their attributes can be 
viewed in a mapping system. The newly formed 
GIS Group is designing and implementing new 
systems and technologies to store these large 
geographic data sets and make them available to 
all users. New GIS infrastructure initiatives and 
activities that the GIS group is undertaking are 
designed to replace relatively old and ineffi cient 
means of storing and providing spatial data 
with robust, secure, easily expandable storage 
methods. 

Why is this issue important? As the state 
geological survey agency for Texas, the Bureau 
provides geographic data related to the State’s 
geologic and other resources to the public. 
These data must also be provided internally to 
researchers and other users to support projects 
and administrative activities. The GIS group 
is working to implement technologies and 
strategies for handling the current load and to 
anticipate growth in this area.

The term GIS Database can refer to nearly 
any type of geographic data that can be 
accessed using GIS or mapping software—
from older storage methods, like locally stored 
shapefiles and georeferenced image files, to 
newer, more robust, spatially enabled, network-
based relational databases. This network-based 
method of storing geographic data is the 
foundation of the Bureau’s GIS database system. 

Environmental Systems Research Institute, Inc.’s 
(ESRI), Spatial Data Engine (ArcSDE) software 
acts as a translator between relational database 
software and GIS software, allowing geographic 
data sets to be stored in a relational database. 
These systems can store any type of GIS data—
from point, line, and polygon fi les to large raster 
data sets, and even ASCII data. The advantages 
of this system include allowing users to access 
small parts of large data sets without accessing 
the entire data set, better support for multiple 
users, and the capability of editing data without 
compromising the original version.

Another advantage of using a centralized GIS 
database is the system’s ability to customize 
data for different applications. Data layers can 
be provided for pure GIS applications using 
GIS software, with the data being utilized directly 
by the software. Also, custom GIS applications 
can be programmed to access the data so that no 
GIS skills are necessary to use it. On the other 
end of the spectrum, Internet-based applications 
can be created to provide geographic data 
to the public—to search for geologic sample 
holdings by displaying sampling locations on 
an interactive map, for instance. 

An example of the power and value of GIS 
technology is apparent in the Bureau’s study of 
natural and human-made features of the Texas 
coast. The Padre Island National Seashore and 
the Galveston Coastal Hazards Websites rely 
on aerial photography to provide reference 
information for their online map services. In 
digital format, these images are quite large—up 
to 20 gigabytes per image—and require large 
amounts of processing power to provide them 
in the map service. 

As part of the Texas Commission on Environ-
mental Quality’s (TCEQ) Surface Casing study, 
the Bureau has created an online mapping 
service for well drillers to obtain surface casing 
information in four counties in Central Texas. 
The pilot study, focusing on a single county, 
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utilized locally stored data sets because of 
the limited geographic extent of the study 
area. Addition of three counties to this project, 
however, presented an opportunity for utilizing 
the new GIS database infrastructure. Because 
of the size of the three new counties added 
to the study area, new methods were needed 
to keep the response time of horizon queries 
low. Horizons were thus stored as raster images 
in geodatabases, speeding up response time 
considerably.

The Bureau is working toward providing GIS 
data in a more streamlined, secure, and customiz-
able way using new database technologies. These 
new methods will provide new and up-to-date 
GIS database infrastructures to store, visualize, 
analyze, and share data more effectively and 
efficiently without sacrificing data integrity.

The new GIS group is led by David C. Jordan 
and includes researchers John R. Andrews, 
Caroline L. Breton, Thomas A. Tremblay, and 
Rachel L. Waldinger.

WEB-BASED, INTERACTIVE,  
3-D VISUALIZATION OF  
EARTH SCIENCE MODELS

Much of the research performed at the 
Bureau relies on data of considerable spatial 
complexity. For example, data representing well 

locations, faults, seismic volumes, and many 
subsurface features might all be managed in a 
complex database and viewed, manipulated, 
and studied using a wide range of geoscience 
software. Traditionally, research findings 
involving these data have been delivered to the 
public through print media or digital files and 
through Web pages showing static images or 
animations captured from the project. Over the 
past year, however, the Bureau has developed 
an interactive, 3-D, Web-based viewer to share 
its research with the public in a visually rich 
format that gives viewers much more control 
over the images. Now anyone having access 
to a Web browser on a computer can view 
the data in different layers and from different 
perspectives.

Software written by Bureau staff has made 
it possible for these data to be transformed 
into an a la carte menu from which viewers 
can make their choices. Essentially, the 
individual data components—fault polygons, 
seismic slices, topographic horizons, and 
the like—are exported from their native file 
format and converted, individually, to Virtual 
Reality Modeling Language (VRML). The data 
components are then compiled into a single 
Web project using Bureau-written software to 
achieve an interactive feel that puts the data, 
literally, at the user’s fingertips. Practically any 
geoscience data can be converted to this format. 
The image to the left, for example, was captured 
from a project examining debris-flow processes 
and deposits; seismic panels and a stratigraphic 
horizon are visible, as are numerous buttons 
and slide bars designed to facilitate interactive 
viewing. Other data sets can be manipulated 
in a similar manner to make the possibilities 
limitless for creative ways of looking at and 
interpreting data.

Bureau researchers involved in Web-based, 
interactive, 3-D visualization are John R. 
Andrews, Lesli J. Wood, James C. Gibeaut, 
Susan D. Hovorka, and David R. Pyles.
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MUSEUM OUTREACH

In facing the challenges of resource man-
agement, global climate changes, catastrophic 
natural events and more, the public needs to be 
informed now more than ever. As our schools 
struggle to include even basic earth sciences 
in their curricula, the number of students 
choosing careers in the geosciences remains 
disappointingly low. Through its outreach 
programs, the Bureau provides a valuable 
alternative in public education, with an added 
benefit of giving students a glimpse of careers in 
the earth sciences. In the past year, the Bureau 
developed alliances with some important new 
outreach partners: Texas’ public museums.

Created in partnership with the Jackson 
School of Geosciences and the Houston Museum 
of Natural Science for display in the museum’s 
Weiss Energy Hall, “Texas: The Underground 
Story” uses advanced computer animation to 
demonstrate the formative geologic processes 
that created the Gulf of Mexico and the Texas 
Gulf Coast. Authored by Renaud Bourellec, 
David Jennette, and Ryan Crow and produced 
by the Bureau’s Media Technologies group, the 
8-minute video explains events that would make 
the Texas Gulf Coast one of the world’s richest 
reservoirs of oil and natural gas. More than 
6 months’ diligent research helped reconstruct 
the paleogeographic changes of the Texas region 
during the past 200 million years. And now this 
fascinating history can be revealed to the public. 
With more than 2 million visitors annually, the 
Houston Museum of Natural Science offers an 
unequalled venue for such quality outreach. 

Another project, the “World of Water” exhibit, 
created in partnership with and funded by the 
Witte Museum in San Antonio, uses the Bureau’s 
advanced imaging capabilities to offer visitors a 
journey through the Edwards aquifer. Tracking 
the flow of water from its origin as rainfall in 
the Hill Country to its final destination in our 
homes, this unique three-screen exhibit lets us 
wind through the aquifer with a close look at 
its rare and exotic life forms. Created by the 

Bureau’s Dr. Susan Hovorka and Witte’s Marise 
McDermott, the project was a collaboration that 
included the National Speleological Society, 
the Texas Memorial Museum, and many other 
professional groups. Visualizations are based 
on real data gathered by Bureau remote-sensing 
specialist Jerry Bellian using terrestrial lidar 
scanning technology in subterranean caves in 
the Edwards formation. Raw data were processed 
by John Andrews and Reuben Reyes as surfaces 
and then “mapped” using photographs and 
artists’ renditions to recreate the karsted aquifer 
environment. Computer models of the blind 
catfish that dwell within the aquifer were based 
on CT (computed tomography) scans of real 
specimens. The exhibit will be viewed by more 
220,000 visitors this year. Through the support 
of the Guadalupe-Blanco River authority, digital 
media and TEKS-based classroom materials 
will also be distributed to schools within the 
Edwards watershed. 

The Bureau also provided presentations and 
exhibits for other museums in the state. “Drawn 
from Experience: Landmark Maps of Texas” 
appeared at the Bullock Texas State History 
Museum in the winter of 2005. Reviewing the 
history of Texas through 400 years of maps, 
the exhibit gave visitors a look at the changing 
face of Texas, as well as the evolving methods 
used to map it. The Bureau provided animations 
demonstrating lidar mapping of coastal changes 
and a look at the varied geology of the Austin 
region. 

In addition, the Bureau continued its support 
of the American Geological Institute’s Earth 
Science Week in the Midland Public School 
System with a series of virtual reality presentations 
at the Midland Petroleum Museum. The program 
includes a variety of visualizations created at the 
Bureau, including a virtual tour of the Big Bend 
region, peeks inside the Edwards and Ogallala 
aquifers and an oil reservoir, and a study of fluid 
flow simulation through rock. 

Other collaborative programs with these and 
other museums are now in the planning stage. 
As museums seek quality content to address 
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important regional issues, the Bureau will 
maintain a high profile in its public outreach 
efforts. Museums offer an excellent venue in 
which to engage the interest and imagination 
of our youth, an important first step in creating 
career tracks into the world of earth sciences.

PUBLIC OUTREACH  
AND EDUCATION

The Texas High School Coastal 
Monitoring Program: A Project  
in Education, Public Awareness,  
and Coastal Management
James C. Gibeaut, principal investigator;  
Tiffany L. Hepner

The Texas High School Coastal Monitoring 
Program (THSCMP) is an ongoing Bureau 
project designed to help coastal residents 
develop a better understanding of dune and 
beach dynamics on the Texas coast. Bureau 
researchers work with high school and middle 
school students and teachers, showing them 
how to measure topography, map vegetation 
lines and shorelines with Global Positioning 
Systems (GPS), and observe weather and wave 
conditions. As participants in an actual research 
project, the students enhance their science 
education and provide coastal communities with 
valuable data on their changing shoreline.

THSCMP, in its ninth year of operation, 
receives funding from the Texas Coastal Manage-
ment Program. Participating schools are Ball 
High School on Galveston Island (9 years in 
the program), Port Isabel High School in South 
Texas (7 years in the program), and Port Aransas 
High School on Mustang Island (7 years in the 
program). During the 2004–05 school year, the 
program expanded to include two additional 
schools in the Bay City region. Van Vleck 
Middle School and students participating in 
the Spanish Science Club at Tidehaven Middle 
School started collecting data on Matagorda 
Peninsula. Bay City High School will also join 

the program during the 2005–06 academic 
year. Bureau researchers and students make 
at least three field trips to survey sites in their 
coastal regions. The Bureau envisions a network 
of coastal schools conducting scientific beach 
studies and then sharing their observations with 
other students, schools, and the public using 
the Internet. For more information, visit the 
program’s Website at http://txcoast.beg.utexas.
edu/thscmp/.

Earth Science Week 
Sigrid J. Clift, principal investigator

The annual Austin Earth Science Week Career 
Fair is in its sixth year! This year’s career fair 
was held for 350 middle school students and 
their teachers at the U.T. Commons Conference 
Center on October 11, 2005. Scott W. Tinker 
gave the opening ceremony presentation. This 
annual event, organized by the Austin Earth 
Science Week Consortium and coordinated by 
researcher Sigrid Clift, also included a book 
drive for the Austin Public Library, in which 
more than $3,000 was raised to purchase much-
needed earth science books and the third annual 
summer lecture series that featured Roving the 
Plains of Mars and Mapping the Moons of Saturn 
by John M. Curchin and The ABC’s of Austin—
Aquifers, Bats, and Caves by Julie Jenkins  
and Jennee Galland. 

Geologic Wonders of Texas
Sylvia J. Jennette, principal investigator

“Geologic Wonders of Texas” is the title of 
an online public outreach module created by 
BEG researchers and staff for UT’s Utopia, an 
ambitious new initiative designed to open the 
University’s doors of knowledge, research, and 
information to the public. This online field trip 
includes Dinosaur Footprints, Central Texas, 
Galveston Island, and the Franklin Mountains, 
additional resources, and lesson plans. You 
can view the module on the BEG’s Website at  
www.beg.utexas.edu/UTopia/geowonders.
html.



BUREAU OF ECONOMIC GEOLOGY — 2005 Comprehensive Report  45

Petroleum Technology Transfer Council 
(PTTC)
Scott W. Tinker, Director; Sigrid J. Clift, Coordinator; 
Eric C. Potter, Advisor; and Sylvia J. Jennette, Web 
Coordinator; Alexandra N. Barrientos, Student 
Assistant; Bob Kiker, PTTC Permian Basin Program 
Manager; Martin Fleming, Internet Outreach Director, 
Texas Independent Producers and Royalty Owners 
Association; and Allen Gilmer, Chairman of the PTTC 
Texas Region Producer Advisory Committee

The mission of the PTTC program is to provide 
technology transfer opportunities to small 
independent oil and gas producers in Texas. 
The PTTC Texas Region, which is managed by 
the Bureau, sponsored or co-sponsored nearly 
20 events in 2005. These events included 
workshops and symposiums on stranded gas, 
avoiding reserve write-downs, horizontal well 
technologies and coalbed methane applications, 
the Third Annual Barnett Shale Symposium, 
reservoirs and seals, improved profits through 
best-managed practices, and sand control. 
Highlights included co-sponsorship of the Third 
Annual Reservoir Engineering Workshop and the 
Ninth Annual CO2 Conference in Midland. 

A Digital Video Presentation— 
the Geological History of the  
Texas Gulf Coastal Plain
Jay P. Kipper, principal investigator; Scott D. Rodgers, 
Renaud Bouroullec, David C. Jennette,  
John R. Andrews, and David C. Jordan

Researchers and media staff completed an 
animation titled “Geologic History of the Texas 
Gulf Coastal Plain,” which was installed as the 
centerpiece animation for the Weiss Energy 
Hall exhibit at the Houston Museum of Natural 
Science. The 7-minute film, which takes viewers 

from the onset of Triassic rifting to the present 
day, was constructed using detailed 3-D models 
and 2-D animations and graphics. Presenting 
scientific information in a clear and entertaining 
way, this animation offers the nearly two million 
visitors a year an appreciation of the varied and 
complex geology that lies beneath the coastal 
plain. 

Witte Museum Edwards  
Aquifer Visualization
Susan D. Hovorka, principal investigator;  
John R. Andrews, James W. Jennings, Jr.,  
Jerome A. Bellian, and consultant Reuben Reyes

Research Scientist Susan Hovorka, together 
with BEG technical staff, worked with the 
Witte Museum in San Antonio to create a 3-D 
visualization of a trip through the Edwards 
aquifer. This animation, shown in an immersive 
theater, allows visitors to experience the real 
Edwards aquifer as shown in a visualization 
that uses real data collected using ILRIS and 
C-T scans. 

Online CO2 Outreach Module
Susan D. Hovorka, principal investigator

Research Scientist Susan Hovorka Sue has 
created a new online module titled “Audience-
Pleasing Physical Models to Support CO2 
Outreach,” which is posted on the BEG Website. 
The objective of these materials is to provide the 
carbon capture and Storage (CSS) research and 
outreach community with easily transferable 
demonstrations designed to increase public 
understanding and acceptance of issues related 
to greenhouse gas and CSS processes.
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CONTRACT AND 
GRANT SUPPORT

 FEDERAL
“Advanced Noble Gas 
Groundwater Sampling and 
Analysis”: supported by 
the Lawrence Livermore 
National Laboratory.

“Applications of VSP 
Technology for Evaluation 
of Deep-Water Gas-Hydrate 
Systems”: supported by the U.S. 
Department of Energy through 
the University of Mississippi.

“Assessment of the Availability of 
Alternative Groundwater Supplies 
that Meet Arsenic MCLs for 
Selected Public Water Systems 
in New Mexico”: supported 
by the U.S. Public Health 
Service Indian Health Service.

“Cataclysms and Catastrophes—
the Role of Science”: 
supported by the National 
Science Foundation through 
the Institute for Geophysics.

“CMG Research: Multi-Scale 
Flow and Transport Modeling 
of Large-Vug Cretaceous 
Carbonates”: supported by the 
National Science Foundation.

“Curation of Terrestrial 
Scientifi c Cores, Samples, and 
Collections”: supported by the 
National Science Foundation.

“Development of an Integrated 
Superconducting Gravity Meter 
Sensor System”: supported by 
the National Science Foundation 
through the Department 
of Geological Sciences.

“Development of Science-
Based Permitting Guidance for 
Geological Sequestration of 
CO2 in Deep Saline Aquifers 
Based on Modeling and Risk 
Assessment”: supported by the 
U.S. Department of Energy.

“Elastic-Wavefi eld Seismic 
Stratigraphy: a New Seismic 
Imaging Technology”: 
supported by the U.S. 
Department of Energy.

“Expanding Conventional 
Seismic Stratigraphy into the 
Multicomponent Seismic 
Domain”: supported by the U.S. 
Department of Energy through 
Prairie View A&M University.

“Exploring for Subtle Mission 
Canyon Stratigraphic Traps 

with Elastic-Wavefi eld Seismic 
Technology”: supported by 
the U.S. Department of Energy 
through Vecta Technology, L.P.

“Geographic Information System 
for Sand Resources of Sabine 
and Heald Banks and the State 
of Beach Erosion in Southeast 
Texas”: supported by the 
Minerals Management Service, 
U.S. Department of the Interior.

“Geologic Mapping, Big Bend 
National Park, Texas”: supported 
by the National Park Service, 
U.S. Department of the Interior.

“Geologic Mapping to Support 
Improved Database Development 
and Understanding of Critical 
Aquifers, Urban Corridors, and 
Special Areas of Environmental 
Concern in Texas”: supported 
by the U.S. Geological 
Survey, U.S. Department of 
the Interior (two contracts).

“Gulf Coast Carbon Center 
Participation in the Southwest 
Regional Sequestration 
Partnership”: supported by 
the U.S. Department of Energy 
through the New Mexico Institute 
of Mining and Technology.

The Bureau maintains formal and informal cooperative arrangements with several governmental entities. Parts of the 
Bureau’s research program are conducted under The University of Texas at Austin contracts and grants with Federal, 
State, and private organizations.

Contract-management personnel prepare proposals and budgets, negotiate contracts, and monitor expenditures. During 
the contract period, technical and fi nancial reports are distributed at monthly, quarterly, and annual intervals. In 2005, 
the following projects, each of which had reporting requirements, were active at the Bureau:
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“Imaging Super-Deep Gas Plays 
across the Gulf of Mexico Shelf 
with Multicomponent Seismic 
Technology”: supported by the 
U.S. Department of Energy.

“Integrated Synthesis of the 
Permian Basin: Data and Models 
for Recovering Existing and 
Undiscovered Oil Resources 
from the Largest Oil-Bearing 
Basin in the U.S.”: supported by 
the U.S. Department of Energy.

“Lidar Digital Elevation Data 
and Related Products, Ventura, 
California”: supported by the 
U.S. Geological Survey, U.S. 
Department of the Interior. 

“Lidar Digital Elevation for 
Coyote Wash and South Avatatz 
Fan, California”: supported by 
the U.S. Geological Survey,  
U.S. Department of the Interior.

“Mapping of Padre Island 
National Seashore and 
NPS Mapping Support in 
Texas”: supported by the 
National Park Service, U.S. 
Department of the Interior.

“Mapping of Permian Basin 
Attributes”: supported by the 
U.S. Geological Survey, U.S. 
Department of the Interior.

“Optimal Geological 
Environments for Carbon Dioxide 
Disposal in Saline Aquifers in 
the United States”: supported by 
the U.S. Department of Energy.

“Participation in the Southeast 
Regional Sequestration 
Partnership, Phases I and II”: 
supported by the U.S. 
Department of Energy through 
the Southern States Energy 
Board, two subcontracts.

“Pennsylvanian Bituminous Coal, 
North-Central Texas: Potential 
for Coaled Methane Resource 
Development”: supported by  
the U.S. Geological Survey,  
U.S. Department of the Interior.

“Predicting Fracture Porosity 
Evolution in Sandstone”: 
supported by the U.S. 
Department of Energy.

“Processing and Modeling 
Proprietary 2D-4C OBC Data”: 
supported by the Minerals 
Management Service, U.S. 
Department of the Interior.

“Regulatory Study on Energy 
Cooperation in the Western 
Hemisphere”: supported 
by the U.S. Agency for 
International Development 
through World Learning for 
International Development.

“Review of Documents and 
Dissemination of Environmental 
Geologic Information Related 
to Environmental Restoration at 
the U.S. Department of Energy’s 
Pantex Plant, Carson County, 
Texas”: supported by the U.S. 
Department of Energy through 
the State Energy Conservation 
Office, Texas Comptroller of 
Public Accounts (two contracts).

“Reviving Abandoned 
Reservoirs with High Pressure 
Air Injection: Application in a 
Fractured and Karsted Dolomite 
Reservoir”: supported by the 
U.S. Department of Energy.

“Sampling Texas Sediments 
and Soils”: supported by the 
U.S. Geological Survey, U.S. 
Department of the Interior.

“Seismic Assessment of  
Fluid-Gas Expulsion Geology  
and Gas Hydrate Systems”: 
supported by the Minerals 
Management Service, 
U.S. Department of the 
Interior through Louisiana 
State University.

“Smart Development Initiative”: 
supported by the U.S. Agency 
for International Development.

“Startup of a Public Geological 
Core and Sample Repository in 
Houston, Texas”: supported by 
the U.S. Department of Energy.

“Support for the Curation of 
Academic Research Cores, 
Samples, and Collections in the 
Geosciences”: supported by the 
National Science Foundation.

“Texas Coal Sample Collection 
for Rank Determination”: 
supported by the U.S. 
Geological Survey, U.S. 
Department of the Interior.

“Texas High Plains Land Use/
Land Cover Groundwater Effects 
Special Study”: supported by 
the U.S. Bureau of Reclamation, 
U.S. Department of the Interior.

“A Technology Transfer 
Program, Texas Region of 
the Petroleum Technology 
Transfer Council”: supported 
by the U.S. Department of 
Energy through the Petroleum 
Technology Transfer Council.

“Workshop to Establish a 
Framework for Cooperative 
Studies between Gulf Coast 
State Surveys and the 
USGS”: supported by the 
U.S. Geological Survey, U.S. 
Department of the Interior.
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STATE AND 
LOCAL
“Airborne Lidar Survey in 
Vicinity of Mustang Island”: 
supported by Texas A&M 
University at Corpus Christi.

“Delineating Salinity Sources 
along Segments of the 
Colorado River and Petronila 
Creek—Phase 2”: supported 
by the Texas Commission 
on Environmental Quality.

“Development of a Database 
for Desalination Facilities in 
Texas”: supported by the Texas 
Water Development Board.

“Evaluation of Arsenic 
Distribution and Potential 
Sources in Groundwater 
in Texas”: supported by 
the Texas Commission on 
Environmental Quality.

“Evaluation of Groundwater 
Surface Water Interactions 
in Texas”: supported by 
the Texas Commission on 
Environmental Quality.

“Evaluation of Nitrate 
Contamination in Selected 
Aquifers in Texas II”: supported 
by the Texas Commission 
on Environmental Quality.

“Fate and Transport Short 
Course FY05”: supported by 
the Texas Commission on 
Environmental Quality.

“Feasibility Analysis of Water 
Supply for Small Public Water 
Systems, Phase II”: supported 
by the Texas Commission 
on Environmental Quality.

“Field Validation of Geologic 
Assessment of Features 
Sensitive to Pollution in 
Karst and Development 
of Best Management 
Practices”: supported by 
the Texas Commission on 
Environmental Quality.

“Galveston Bay: Wetland Habitat 
Transition Due to Relative 
Sea Level Rise”: supported 
by the Texas Commission 
on Environmental Quality.

“Geohazards Map of 
Galveston Island”: supported 
by the City of Galveston.

“Phase III, Playa Lakes Study”: 
supported by the Texas Water 
Development Board.

“Regional Aquifer Study 
for Public Water Systems 
Compliance—Lubbock and 
Surrounding Areas”: supported 
by the Texas Commission 
on Environmental Quality.

“Review of Groundwater 
Evapotranspiration Rates”: 
supported by the Texas Water 
Development Board.

“Self-Sealing Evaporation 
Ponds”: supported by the Texas 
Water Development Board.

“Status and Trends of Barrier 
Wetlands along the Coastal 
Bend including San Jose, 
Mustang, and North Padre 
Islands”: supported by the 
Texas General Land Office.

“Status and Trends of Barrier 
Wetlands, Padre Island National 
Seashore (Lower Coast) and 
the Chenier Plain (Upper 
Coast)”: supported by the 
Texas General Land Office.

“Status and Trends of Wetlands 
on Texas Barrier Islands—South 
Padre Island”: supported by the 
Texas General Land Office.

“Status and Trends of Wetlands, 
Upper Coast from East 
Matagorda Bay to Christmas 
Bay”: supported by the Texas 
General Land Office.

“Study to Evaluate Electronic 
Access to Geologic Data 
and Surface Casing Depths 
Necessary to Protect Usable 
Groundwater in the State, Phases 
I and II”: supported by the Texas 
Commission on Environmental 
Quality (two contracts).

“Support of TCEQ’s Low-
Emission Diesel Fuel Peer 
Review Process”: supported 
by the Texas Commission 
on Environmental Quality.

“Technical Editing for the TWDB 
FY05”: supported by the Texas 
Water Development Board.

“Technical Studies to Support 
TCEQ on Environmental 
Quality Review of Low Level 
Radioactive Waste”: supported 
by the Texas Commission 
on Environmental Quality.

“Technology Center for Oil and 
Gas Recovery Optimization on 
Texas State Lands”: supported 
by the State of Texas.

“Texas High School Coastal 
Monitoring Program”: 
supported by the Texas 
General Land Office.

“Texas High School Coastal 
Monitoring Program: Ball High 
School, Galveston, Years 7 
and 8”: supported by the Texas 
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General Land Office through 
Galveston Independent School 
District (two contracts).

“Texas High School Coastal 
Monitoring Program: Port 
Aransas High School, Years 5 
and 6”: supported by the Texas 
General Land Office through 
the Port Aransas Independent 
School District (two contracts). 

“Texas High School Coastal 
Monitoring Program: Port 
Isabel High School, Years 5 
and 6”: supported by the Texas 
General Land Office through 
the Point Isabel Independent 
School District (two contracts). 

“The Texas Shoreline Change 
Project—Gulf of Mexico 
Shoreline from Sabine Pass 
to the Brazos River, Pass 
Cavallo to Aransas Pass and 
the Padre Island National 
Seashore”: supported by the 
Texas General Land Office.

 “Texas Tidal Inlets Project: 
Depositional Environments and 
Morphodynamics of San Luis 
Pass”: supported by the Texas 
General Land Office. 

PRIVATE
“Airborne Lidar Survey for 
the Southern California 
Beach Processes Study: Point 
La Jolla to Dana Point”: 
supported by the University 
of California, San Diego.

“Airborne Lidar Survey near 
Sheridan, Wyoming”: supported 
by Marathon Oil Company.

“Applied Geodynamics 
Laboratory”—Research focuses 
on a complete range of salt 
tectonics and also includes the 
production of an interactive 
comprehensive atlas of salt 
structures: supported by Amerada 
Hess Corporation, Anadarko 
Petroleum Corporation, BHP 
Billiton, BP America, Chevron 
Corporation, ConocoPhillips 
Company, EnCana Corporation, 
Eni S.p.A, ExxonMobil 
Corporation, Hydro Produksjon 
AS,  Marathon Oil Corporation, 
Maxus Energy Corporation, 
Petroleo Brasileiro SA, Shell 
Exploration & Production, Total 
SA, and Woodside Energy Ltd.

“BP Wave-Equation Velocity 
Analysis”: supported by BP 
America Production Company.

“Carbonate Slope and Basin 
Sediment-Gravity Flow Systems: 
Towards Developing an 
Exploration Model”: supported 
by Shell International Exploration 
and Production, Inc.

“Case Study on  
Microimaging and Data 
Modeling from Cupiagua 
Field Data Acquisition”: 
supported by Ecopetrol.

“Coast of California Storm and 
Tidal Wave Study, Santa Barbara 
and Ventura Counties—Lidar 
Survey”: supported by the Beach 
Erosion Authority for Clean 
Oceans and Nourishment.

“Definition of the Geological 
Framework of the Neogene 
Hydrocarbon Plays in the Salina 
Del Istmo Basin, Southeastern 
Mexico”: supported by Pemex.

“Differential Azimuth 
Moveout, Phase II”: supported 
by Total E&P Services.

“A Digital Video Presentation—
the Geological History of the 
Texas Gulf Coastal Plain”: 
supported by the Houston 
Museum of Natural Science 
with additional support from 
the John A. and Katherine G. 
Jackson School of Geosciences. 

“Edwards Aquifer Authority 
Simulation Production”: 
supported by the Witte Museum.

“Fault Intensity around 
Exposed Diapirs”: supported 
by BP America Inc.

“Fluid-Rock-Seismic Technology 
Research Program”: supported  
by ChevronTexaco with 
additional support from the  
John A. and Katherine G. 
Jackson School of Geosciences.

“Fracture Research and 
Application Consortium”: 
supported by: Anadarko, 
Aramco Services Company, 
Bill Barrett Corporation, 
ChevronTexaco Corporation, 
Devon Canada, Devon Energy 
Production Company, LP, 
Ecopetrol, Huber Energy LP, 
Marathon Oil Company, PDVSA 
Petroleo, S.A., Schlumberger 
Technology Corporation, 
and Shell Exploration & 
Production Company.

“Gulf Coast Carbon Center”: 
supported by ChevronTexaco 
Energy Technology Company, 
KinderMorgan CO2 Company, 
L.P., BP America Production 
Company, Praxair, Inc., NRG 
Energy, Inc., Marathon Oil 
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Company, Schlumberger  
Limited, and Entergy, with 
additional support from the  
John A. and Katherine G. 
Jackson School of Geosciences.

“Multiple Elimination Using 
Plane-Wave Construction”: 
supported by Norsk Hydro.

“Outcrop Characterization of 
Clastic Reservoir Analogs: Laser-
Assisted Analogs of Siliciclastic 
Reservoirs” supported by: 
ChevronTexaco, ConocoPhillips 
Company, EnCana Corporation, 
ExxonMobil, Marathon 
Oil Company, Norsk 
HydroProducksjon A.S., Petroleo 
Brasileiro Petrobras SA, Shell 
International Exploration & 
Production, Inc., and Statoil ASA.

“Permian Basin Synthesis 
Project”:  supported by Alpine, 
BP America, Brigham Oil & Gas, 
Osborn Heirs, Oxy, Samson Lone 
Star, and Whiting Petroleum.

“Regional Characterization 
of the Latest Pleistocene 
and Holocene Stratigraphy, 
Structure and Depositional 
Processes of Offshore Eastern 
Trinidad and Venezuela”: 
supported by Amerada Hess 
Corporation, BHP Billiton 
Petroleum, ChevronTexaco 
Exploration and Production 
Technology Company, Norsk 
Hydro Production, Shell 
International E&P, Inc., and 
Talisman Energy Inc.

“Research Project and Workshop 
on the Geologic Modeling 
of the Beacon Channel, 
Brushy Canyon Formation”: 
supported by the ExxonMobil 
Exploration Company.

“Reservoir Characterization 
Research Laboratory: Carbonate 
Reservoirs” supported by: 
Anadarko Petroleum Corporation, 
Aramco Services Company, 
BP International LTD, Chevron 
Corporation, ConocoPhillips 
Company, Eni Norge A/S, 
ExxonMobil, Great Western 
Drilling Company, Kinder 
Morgan, Marathon Oil Company, 
Norsk Hydro, Oxy Permian, 
Petroleum Development Oman, 
Pioneer Natural Resources 
USA, Inc., Shell International 
Exploration & Production 
Inc., and Statoil ASA.

“Seismic Imaging by Riemannian 
Wavefield Extrapolation”: 
supported by ExxonMobil 
Upstream Research Company.

“Seismic Response of Permian 
Khuff Formation”: supported by 
Aramco Services Company.

“Seismic Vector-Wavefield 
Characterization of Complex 
Reservoirs” supported by: 
Anadarko Petroleum Corporation, 
Devon Energy Production 
Company, L.P., Kyro (on behalf 
of RARE Technology), Parten 
Operating, Inc., Statoil ASA, 
and Vecta Technology L.P.

“Statoil Deep Water Data”: 
supported by Statoil ASA.

“Stratigraphic Architecture and 
Sandstone Reservoir Quality in 
Deep-Shelf Gas Plays of Texas 
State Waters”: supported by 
Amerada Hess Corp., Anadarko 
Petroleum Corporation, BP 
America, Brigham Oil & Gas, 
DayStar Oil & Gas, Dominion 
Exploration, ENI U.S. Operating, 
ExxonMobil, McMoran Oil & 
Gas, Goldston Oil, Kerr-McGee 
Oil & Gas, Sabco Oil and Gas, 
Santos USA Corporation, Shell 
Exploration, Total E&P USA, 
Inc., and Veritas DGC Inc.

“Technical Support for 
3D Outcrop Modeling for 
Reservoir Characterization”: 
supported by Eni Norge AS.

“3-D Modeling of Carbonate 
Outcrop Analogs for Advanced 
Reservoir Characterization”: 
supported by Aramco 
Services Company.

“Workshop on Natih 
High Resolution Sequence 
Stratigraphic Framework: 
Integration Outcrop Analogs 
and Core Data”: supported by 
the Sultan Qaboos University.
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BUREAU RESEARCH AND 
SUPPORT STAFF ACTIVITIES

 LECTURES 
AND ADDRESSES

WILLIAM  A. AM B ROSE

D e s c r i p t i o n  o f  G C C C  C O 2 
projects: presented at the GCCC-
PTTC Workshop, Reserve Growth 
Potential of CO2 Enhanced Oil 
Recovery along the Gulf Coast, 
Houston, Texas, December.

FutureGen in Texas: alternative 
for electric generation: presented 
at the 2005 Global Energy and 
Environmental Issues Conference, 
Santa Fe, New Mexico, December.

Geologic character of Gulf Coast 
reservoirs: presented at the GCCC-
PTTC Workshop, Reserve Growth 
Potential of CO2 Enhanced Oil 
Recovery along the Gulf Coast, 
Houston, Texas, December.

Introduction to the Gulf Coast 
Carbon Center: presented at the 
GCCC-PTTC Workshop, Reserve 
Growth Potential of CO2 Enhanced 
Oil Recovery along the Gulf Coast, 
Houston, Texas, December.

The Gulf Coast Carbon Center: 
ongoing work: presented at the 
Third Annual CO2 Conference, 
Midland, Texas, December.

The Gulf Coast Carbon Center: 
p resented to  Mi t te ldeutsche 
Braunkohlengesellschaft mbH, 
Austin, Texas, November.

Delineating CO2 sinks in the 
Gulf Coast: presented to Texas 
FutureGen project team, Austin, 
Texas, August.

Gulf Coast Carbon Center update: 
presented to Gulf Coast Carbon 
Center partners, Houston, Texas, 
August.

Gulf Coast Carbon Center: presented 
to Schlumberger Water and Carbon 
Services, Austin, Texas, August.

Renaud Bouroullec
Structural setting and evolution 
of the northeastern deep Gulf of 
Mexico: presented to New Orleans 
Geological  Society,  monthly 
luncheon meeting, New Orleans, 
Louisiana, February.

Edward W. Collins
Structural characteristics of the 
Balcones Fault Zone and Edwards 
a q u i f e r  w i t h i n  t h e  A u s t i n -
San Antonio-Del Rio region of 
Central Texas: poster presented 
at Geological Society of America 
meeting, San Antonio, Texas, 
April.

Beverley B. DeJarnett
BEG, UT Austin, core and sample 
repositories: presented at Geological 
Society of America Annual Meeting, 
Salt Lake City, Utah, October.

Bureau of Economic Geology, The 
University of Texas at Austin, sample 
and log repositories: presented to 
Houston Gem and Mineral Society, 
Houston, Texas, October.

Siliciclastic lithofacies in core: 
presented to Halliburton, Houston, 
Texas, March.

Ian J. Duncan
Texas FutureGen: a win for the 
region: invited opening address 
presented at  CO2 Workshop, 
Midland, Texas, December.

The Gulf Coast Carbon Center: 
enabling development of a carbon 
sequestration industry in the Gulf 
Coast: presented to the Houston 
Geological Society, Houston, Texas, 
November.

Getting more oil recovery and 
reducing global warming at the 
same time: a cross border win-win?: 
invited lecture presented at Cross 
Border Energy Forum, Santa Fe, 
New Mexico, October.

The Gulf Coast Carbon Center: 
explor ing synergies  between 
gasifi cation and CO2 sequestration: 
inv i ted lec ture  presented a t 
Gasifi cation 2005, San Francisco, 
California, October.

CO2 EOR: new economic drivers 
and new strategies: luncheon speech 
presented at AAPG Eastern Section 
Annual Meeting, Morgantown, 
Virginia, September.

The Gulf Coast Carbon Center: CO2 
sequestration research objectives: 
presented to Virginia Geologic 
Survey, Charlottesville, Virginia, 
September.

Shirley P. Dutton
Calcite cement distribution in 
Permian deepwater sandstones, 
Delaware Basin, USA: presented at 
2005 Geological Society of America 
Annual Meeting, Salt Lake City, 
Utah, October.
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Curation of terrestrial scientific 
cores, samples, and collections: 
presented at 2005 Geological 
Society of America Annual meeting, 
Salt Lake City, Utah, October.

Curation of continental scientific 
cores and samples: presented at 
DOSECC workshop on Drilling for 
Deep Time Geosystems, Arlington, 
Virginia, August.

Effect of calcite cement on reservoir 
properties in Permian deepwater 
sandstones, Delaware Basin, west 
Texas: presented at American 
Association of Petroleum Geologists 
Annual Meeting, Calgary, Alberta, 
Canada, June.

A new digital atlas of major oil 
reservoirs in the Permian Basin: 
p resen ted  to  the  Soc ie ty  o f 
Independent Professional Earth 
Scientists, San Antonio, Texas, 
March.

Bureau of Economic Geology—
Houston Research Center: presented 
at NSF Workshop on Designing 
In te roperabi l i ty  fo r  Sample-
Based Data Management via the 
International GeoSample Number 
IGSN, La Jolla, California, January.

Sergey B. Fomel
Estimating structural uncertainty 
of seismic images using velocity 
continuation: presented at SEG 
Workshop, Net  to Gross:  I t s 
Estimation and Reliability, Houston, 
Texas, November.

The Seislet Transform: presented at 
Geophysics Seminar, Department of 
Geological Sciences, The University 
of Texas at Austin, Austin, Texas, 
September.

Wave-equation angle-domain 
imaging for  mul t icomponent 
s e i s m i c  d a t a :  p r e s e n t e d  a t 
EAGE/SEG Research Workshop, 

Multicomponent Seismic—Past, 
Present, and Future, Pau, France, 
September.

Seismic slope as a universal 
a t t r ibute:  presented at  UBC, 
Vancouver, Canada, July.

Estimating seismic attenuation by 
local frequency analysis: workshop 
presented at SEG Development  
& Production Forum, Austin, Texas, 
May.

Amplitude preserving migration: 
presented to Shell E&P, Houston, 
Texas, February.

Local slope as a universal seismic 
attribute: presented to Colorado 
School of Mines, Golden, Colorado, 
February.

Velocity * time = depth: presented 
to Stanford Exploration Project, 
Stanford, California, January.

Khaled Fouad
Porosity and fluid prediction from 
3D seismic data in deep water 
sandstone reservoirs: Veracruz basin, 
southeastern Mexico: presented 
at Second International Petroleum 
Conference and Exhibition, Cairo, 
Egypt, May.

Targeting stratigraphic traps using 
multi-component seismic: case 
study from clastic and carbonate: 
presented at Second International 
P e t r o l e u m  C o n f e r e n c e  a n d 
Exhibition, Cairo, Egypt, May.

Julia F. W. Gale
Olmos Formation fracture study, 
Gold River field, S. Texas: progress 
report: presented at Huber Energy 
at Huber Offices, Houston, Texas, 
August.

Carbonate structural diagenesis 
initiative: presented at FRAC IA 
program sponsors’ annual research 
meeting, Austin, Texas, July.

Fractures in dolostones workshop 2: 
presented to carbonate diagenesis 
and fracture specialists at the Bureau 
of Economic Geology, Austin, 
Texas, July.

Testing fracture intensity measures: 
presented at FRAC IA sponsors’ 
annual research meeting, Austin, 
Texas, July.

U n d e r s t a n d i n g ,  p r e d i c t i n g , 
characterizing, and simulating 
reservoir-scale fracture systems: 
presented at the Marathon Oil 
Company Technology Fair, Houston, 
Texas, May.

Fracture Research and Application 
Consortium Short Course: pre-
sented to Ecopetrol and Instituto 
C o l o m b i a n o  d e l  P e t r o l e o , 
Bucaramanga, Colombia, March.

Fracture Research and Application 
Consortium Short Course: presented 
to Devon Canada, Calgary, Canada, 
January.

Modeling fracture sealing in dolo-
stones: presented to carbonate 
diagenesis specialists at the Bureau 
of Economic Geology, Austin, 
Texas, January.

James C. Gibeaut
Lidar applications in coastal 
research: presented to Coastal 
Geography Graduate Class, Texas 
State University, San Marcos, Texas, 
November.

Wetland habitat transition induced 
by relative sea-level rise: pre-
sented to Monitoring and Research 
Subcommittee of the Galveston 
Bay Council, Galveston Bay Estuary 
Program, Webster, Texas, May.

Status, historical trends, and 
modeling future change of barrier 
island estuarine marshes: presented 
at State of the Bay Symposium, 
Galveston Bay Estuary Program, 
Houston, Texas, January.
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Bob A. Hardage
Dis t ingu i sh ing  f i zz -gas  and 
c o m m e r c i a l - g a s  r e s e r v o i r s 
with multicomponent seismic 
technology: why interpret with 
seismic attributes?: presented at  
The Sipes-Houston 2005 Continuing 
Education Symposium, Houston, 
Texas, September.

Assessing deep water gas hydrate 
systems and seafloor stability: invited 
lecture presented at AGU, NABS, 
SEG, SPD/AAS Joint Assembly, New 
Orleans, Louisiana, May.

P and S image registration: the 
challenge confronting all who use 
multicomponent seismic technology: 
invited lecture presented at the 
Sercel Technical Forum, Improved 
Land/Reservoir Imaging through 
High Density and Multi-Component 
Acquisition, Houston, Texas, April.

3-D seismic evidence of karst 
collapse and karst-related fracturing: 
invited lecture presented at the 
inaugural Dallas Geological and 
Geophysical  Societ ies  Expo, 
Grapevine, Texas, April.

Tucker F. Hentz

M i o c e n e  d e p o s i t i o n a l  a n d 
chronostratigraphic framework: 
relation to potential gas exploration 
in the Burgos Basin, northeastern 
Mexico: presented to Pemex, 
Reynosa, Mexico.

Mark H. Holtz

Reserve growth potential from CO2 
enhanced oil recovery along the 
Gulf Coast: presented to PTTC, 
Houston, Texas, December 2005.

Methodology  and  s t ra teg ies 
in modern subsurface/reservoir 
characterization: presented at the 
Los Alamos National Laboratory 
Research Experience in Carbon 
Sequestration (RECS), Santa Fe, 
New Mexico, July 19.

Opt imiz ing  pe rmanen t  CO 2 
sequestration in brine-bearing 
aquifers: example from the Frio 
Format ion ,  Gul f  o f  Mexico : 
luncheon talk presented to West 
Texas Geologic Society, Midland, 
Texas, March 8.

Subsurface characterization of the 
Frio CO2 Brine Pilot injection site, 
Liberty County, Texas: presented at 
U.S. Department of Energy Fourth 
Annual Conference on Carbon 
Sequestration, Alexandria, Virginia, 
May.

Effects of pore network geometry on 
permanent storage of sequestered 
CO2:  presented at  American 
Association of Petroleum Geologists 
Annual Meeting, Calgary, Canada, 
June 22.

Susan D. Hovorka
Verification: does geologic storage 
really provide environmental 
benefit?: presented at GCCC 4th 
Quarter Partners Meeting, Austin, 
Texas, December.

Frio site visit and Frio Pilot overview: 
presented to Group from MIBRAG 
and Anhalt-Saxony, Germany, 
Dayton, Texas, November.

Update on the Frio Brine Pilot:  
1 year after injection: presented 
at Applied Technology Workshop 
( A T W )  C O 2  S e q u e s t r a t i o n , 
Galveston, Texas, November.

Frio case study: presented at 
IEA Annual Monitoring Network 
Workshop, Rome, Italy, October.

Update on the Frio Brine Pilot:  
1 year after injection: presented at 
IEA Annual Monitoring Network 
Workshop, Rome, Italy, October.

Geologic assessments of karst areas: 
short course presented at the 10th 
Multidisciplinary Conference on 
Sinkholes and the Engineering and 

Environmental Impacts of Karst, San 
Antonio, Texas, September.

Update on the Frio Brine Pilot:  
1 year after injection: presented at 
Carbon Sequestration Leadership 
Forum, GeoForschungszentrum, 
Potsdam, Germany, September.

Update on the Frio Brine Pilot:  
1 year after injection: presented at 
Carbon Sequestration Leadership 
Forum, CSLF Project Exhibits by 
Policy Group & Technical Group 
delegates and VIP’s, Ministry of 
Economics and Labor (BMWA), 
Berlin, Germany, September.

GCCC plan and scope: presented 
to GCCC partners, Houston, Texas, 
August.

Karst and flow in the confined and 
unconfined Edwards aquifer—key 
issues and unresolved problems: 
presented at Edwards Aquifer 
Workshop, San Antonio, Texas, 
July.

Frio Brine Pilot: field validation 
of numerical simulation of CO2 
storage: presented at American 
Association of Petroleum Geologists 
Annual Meeting, Calgary, Canada, 
June.

Update on the Frio Brine Pilot: 
8 months after injection: invited 
talk presented at First India–U.S. 
CCS Workshop, Hyderabad, India, 
June.

Frio Brine Pilot: lessons learned 
and questions restated: presented 
at Fourth Annual Conference on 
Carbon Capture and Sequestration 
DOE/NETL, Alexandria, Virginia, 
May.

From concept to reality: a systematic 
management approach for field 
implementation of the Frio Brine 
Pilot Test: presented at Fourth 
Annual Conference on Carbon 
Capture and Sequestration DOE/
NETL, Alexandria, Virginia, May.
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Review of existing injection well 
permit regulations and expectations 
of future geologic sequestration 
CO2 regulations with monitoring 
conditions: presented at Fourth 
Annual Conference on Carbon 
Capture and Sequestration DOE/
NETL, Alexandria, Virginia, May.

The U-tube: a novel system for 
sampling and analyzing multi-phase 
borehole fluid samples during the 
Frio Brine Pilot Test: presented 
at Fourth Annual Conference on 
Carbon Capture and Sequestration 
DOE/NETL, Alexandria, Virginia, 
May.

Application of numerical models 
to development of the Frio Brine 
Storage Experiment: presented at 
EPA Modeling Workshop, Houston, 
Texas, April.

Draft strategic plan: presented to 
GCCC partners, Houston, Texas, 
April.

Testing geologic sequestration in 
high-permeability sandstone of the 
Frio Formation: 6-month update: 
presented at AJW CCS Conference, 
Melbourne, Australia, March.

Testing geologic sequestration in 
high-permeability sandstone of the 
Frio Formation: 6-month update: 
presented at Australian CO2 CRC-
Peter Cook Group, Canberra, 
Australia, March.

Testing geologic sequestration in 
high-permeability sandstone of the 
Frio Formation: 6-month update: 
presented to Society of Petroleum 
Engineers Perth, Perth, Western 
Australia, March.

T e s t i n g  t h e  c o n c e p t s  o f 
sequestration—field demonstration 
and economic projects: presented 
at UT CPGE Geological Storage JIP, 
Austin, Texas, March.

Frio Brine pilot: CO2 outreach: 
testing geologic sequestration 
in high-permeability sandstone 
of the Frio Formation: 6-month 
update: presented at the BP Festival, 
Houston, Texas, February.

Michael R. Hudec
Principles and applications of salt 
tectonics: short course presented to 
Kerr-McGee Oil and Gas, Houston, 
Texas, November.

Principles and applications of salt 
tectonics: short course presented 
to Forest Oil International, Denver, 
Colorado, October.

Cross-section balancing and analog 
modeling capabilities of the AGL: 
presented to representatives of the 
Polish Geological Institute and 
Polish Ministry of the Environment, 
Austin, Texas, October 26.

AGL plans for 2006: presented at 
Applied Geodynamics Laboratory 
Industrial Associates Meeting, 
Austin, Texas, October 21.

AGL technology transfer for 2005: 
introducing The Salt Mine: 3rd 
edition: presented at Applied 
Geodynamics Laboratory Industrial 
Associates Meeting, Austin, Texas, 
October 21.

Effects of salt-sheet shape and 
synkinematic loading on the 
structure of salt-sheet sutures: 
presented at Applied Geodynamics 
Laboratory Industrial Associates 
Meeting, Austin, Texas, October 
21.

Diachronous growth of fold limbs  
on  the  Mad  Dog  an t i c l ine : 
i m p l i c a t i o n s  f o r  b a s e - s a l t 
deformation in the Atwater Fold- 
belt: presented at Applied Geo-
dynamics Laboratory Industrial 
Associates Meeting, Austin, Texas, 
October 20.

Emplacement of allochthonous 
salt sheets in passive margins and 
orogens: presented at Applied 
Geodynamics Laboratory Industrial 
Associates Meeting, Austin, Texas, 
October 20.

Evo lu t ion  o f  compres s iona l 
minibasins: presented at Applied 
Geodynamics Laboratory Industrial 
Associates Meeting, Austin, Texas, 
October 20.

Far- t ravel led minibasins and 
the Great Plio-Pleistocene Salt  
Surge, Green Canyon, Gulf of 
Mexico: presented at Applied 
Geodynamics Laboratory Industrial 
Associates Meeting, Austin, Texas, 
October 20.

Influence of roof density and 
advance rates on the structure of 
salt-sheet sutures: presented at 
Applied Geodynamics Laboratory 
Industrial Associates Meeting, 
Austin, Texas, October 20.

Styles of  act ive diapir ism in 
offshore Mauritania: shortening vs. 
halokinesis: presented at Applied 
Geodynamics Laboratory Industrial 
Associates Meeting, Austin, Texas, 
October 20.

The fate of raft blocks: presented at 
Applied Geodynamics Laboratory 
Industrial Associates Meeting, 
Austin, Texas, October.

Salt and extensional tectonics in the 
Paradox Basin: led Hydro Oil and 
Energy on field trip, Moab, Utah, 
September.

Advanced Seminar in Allochthonous 
Salt Tectonics: presented to BHP 
Billiton Petroleum, Houston, Texas, 
July.

Principles and applications of 
salt tectonics: presented to Hydro 
Oil and Energy, Bergen, Norway, 
May. Salt sheet advancement and 
its impact on the Mad Dog area: 
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presented at BP, Houston, Texas, 
April 13.

The Salt Mine 2005—lather, rinse, 
repeat: presented to BEG project 
review panel, Austin, Texas, March 
29.

Diachronous growth of fold limbs on 
the Mad Dog Anticline: implications 
for base-salt deformation in the 
Atwater Foldbelt: presented to 
ExxonMobil Exploration Company, 
Houston, Texas, January 16.

Emplacement of allochthonous 
salt sheets in passive margins and 
orogens: presented to ExxonMobil 
Exploration Company, Houston, 
Texas, January 16.

Evolution of compressional mini-
basins: presented to ExxonMobil 
Exploration Company, Houston, 
Texas, January 16.

Far-travelled minibasins and the 
Great Plio-Pleistocene Salt Surge, 
Green Canyon, Gulf of Mexico: 
presented to ExxonMobil Exploration 
Company, Houston, Texas, January 
16.

Import and export of salt from 
squeezed stocks: presented to 
ExxonMobil Exploration Company, 
Houston, Texas, January 16.

Thrus t  faul t s  and sa l t  welds 
associated with squeezed stocks: 
presented to ExxonMobil Exploration 
Company, Houston, Texas, January 
16.

Martin P. A. Jackson
Salt welds: a preliminary review: 
presented to Anadarko Petroleum, 
The Woodlands, Texas, December.

Fault intensity exposed around 
variably squeezed salt diapirs,  
Part 1: tectonic setting: presented to 
Applied Geodynamics Laboratory 
Industrial Associates, Austin, Texas, 
October.

Fault intensity exposed around 
variably squeezed diapirs, Part 2: 
fault populations: presented at 
Applied Geodynamics Laboratory 
Annua l  Rev iew Meet ing  fo r 
Industrial Associates, Austin, Texas, 
October.

Global distribution of salt tectonics 
in space and time: presented at 
Applied Geodynamics Laboratory 
Annua l  Rev iew Meet ing  fo r 
Industrial Associates, Austin, Texas, 
October.

Import and export of salt from 
squeezed rocks: presented at 
Applied Geodynamics Laboratory 
Annua l  Rev iew Meet ing  fo r 
Industrial Associates, Austin, Texas, 
October.

Introduction and AGL overview: 
presented at Applied Geodynamics 
Laboratory Annual Review Meeting 
for Industrial Associates, Austin, 
Texas, October.

Thrus t  faul t s  and sa l t  welds 
associated with squeezed rocks: 
presented at Applied Geodynamics 
Laboratory Annual Review Meeting 
for Industrial Associates, Austin, 
Texas, October.

The Great West-African Tertiary 
uplift: fact or fiction? A perspective 
from the Angolan divergent margin: 
presented at Applied Geodynamics 
Laboratory Annual Review Meeting 
for Industrial Associates, Austin, 
Texas, October.

Physical modeling of squeezed 
salt diapirs in deep-water fold and 
thrust belts: presented to Amerada 
Hess Corporation, Houston, Texas, 
September.

Tectonic response of diapirs to 
shortening and strike slip in the 
Zagros foreland, Iran: presented to 
ExxonMobil, Houston, Texas, June.

Advanced salt tectonics: presented 
to Hydro Oil and Energy, Bergen, 
Norway, May.

An allochthonous salt canopy on 
Axel Heiberg Island, Sverdrup Basin, 
Arctic Canada: presented at Institute 
for Geophysics, The University 
of Texas at Austin, Austin, Texas, 
January.

James W. Jennings, Jr.
The effects of measurement scale 
on petrophysical properties in 
carbonates: presented to UT Austin 
Department of Geological Sciences, 
Austin, Texas, January.

Srivatsan 
Lakshminarasimhan
A simulations-based study of the 
flow of CO2 in brine aquifers: 
presented at Annual Review Meeting 
of Geological CO2 Storage Research 
Program, Austin, Texas, March.

Stephen E. Laubach
Fractured sandstone outcrops in 
northeast Mexico: guides to the 
attributes of fractures in tight gas 
sandstones: presented at American 
Association of Petroleum Geologists, 
Rocky Mountain Section, Jackson, 
Wyoming, September.

Linked diagenesis and fracture 
patterns and their effect on fluid 
flow in fractured carbonate rocks: 
presented at American Association 
of Petroleum Geologists Convention, 
Paris, France, September.

Regional subthrust fracture arrays 
in outcrop: guide to attributes of 
tight gas sandstones: presented at 
American Association of Petroleum 
Geologists, Rocky Mountain Section, 
Jackson, Wyoming, September.

Structural  diagenesis—linked 
chemical and mechanical processes 
in sedimentary basins: invited lecture 
presented at American Association 
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of Petroleum Geologists Convention, 
Paris, France, September.

Robert G. Loucks
A multiple origin approach to 
understanding the development 
of  breccias  and f ractures  in 
Ordovician carbonate reservoirs: 
invited talk presented at the Texas 
A&M ConocoPhillips Lecture Series, 
College Station, Texas, October.

Revis i t ing the importance of 
secondary dissolution pores in 
Tertiary sandstones along the Texas 
Gulf Coast: invited talk presented to 
Corpus Christi Geological Society & 
Coastal Bend Geophysical Society, 
Corpus Christi, Texas, October.

Understanding the origin and 
sequence stratigraphy of growth-
faulted, intraslope subbasins: 
examples from the South Texas 
Oligocene Frio Formation: invited 
talk presented at the Texas A&M 
ConocoPhillips Lecture Series, 
College Station, Texas, October.

Three-dimensional architecture of 
a coalesced, collapsed paleocave 
system in the lower Ordovician 
Ellenburger Group, Central Texas: 
luncheon talk presented to Dallas 
Geological Society, Dallas, Texas, 
January.

F. Jerry Lucia
The “petro” part of carbonate 
petrophysics: presented at Chevron 
2005 SSC Forum, The Woodlands, 
Texas, October.

Permeability characterization in 
carbonate reservoirs: the touching-
vug problem: presented to Anadarko 
Oil Company, Austin, Texas, April.

Characterization of touching-
vug pore systems: presented to 
Anadarko Petroleum Company, The 
Woodlands, Texas, April.

Rock fabrics and petrophysics, 
Shuaiba,  Arab D,  and Khuf f 

Formations, the Middle East : 
presented to ConocoPhi l l ips 
Petroleum Company, Houston, 
Texas, April.

Hypersaline reflux: a density driven 
flow model for dolomitization: 
presented at luncheon meeting of 
DOGS Hydro Group, Austin, Texas, 
February.

Understanding and predicting 
permeability distribution in carbo-
nates: the rock fabric approach: 
p resen ted  to  Assoc ia t ion  o f 
Petroleum Geologists, Austin, Texas, 
February.

Paul E. Murray
4-C OBC deep water data from 
Green Canyon 204:  the  top 
150 meters and upper 15 meters: 
presented at Exploration Geophysics 
Laboratory Spring 2005 Sponsors’ 
Meeting, Austin, Texas, April.

Processing deep water 4-C OBC 
data for images of near-seafloor 
geology: presented at Exploration 
Geophysics Laboratory Spring 2005 
Sponsors’ Meeting, Austin, Texas, 
April.

H. Seay Nance

Effects of base flow from Triassic 
and Permian aquifers on surface 
water quality: upper Colorado 
River, West Texas: presented to 
Texas Water Development Board, 
Austin, Texas, October.

Investigation of surface water 
salinity, Upper Colorado River 
Basin, West Texas: presented to 
Geological Sciences Department, 
The University of Texas at Austin, 
Noontime Hydrogeology Seminar, 
Austin, Texas, October.

Geochemistry of water and gases 
in the Fr io Brine Pi lot  Text : 
baseline data and changes during 
and post CO2 injection: presented 
at Fourth Annual Conference on 

Carbon Capture and Sequestration, 
Alexandria, Virginia, May.

Surface environmental monitoring at 
the Frio CO2 sequestration test site, 
Texas: presented at Fourth Annual 
Conference on Carbon Capture and 
Sequestration, Alexandria, Virginia, 
May.

The case for cation exchange in the 
Edwards-Trinity (Plateau) aquifer 
system: presented at South-Central 
Geological Society of America 
meeting, San Antonio, Texas, May.

Jean-Philippe Nicot
Geochemical sealing of stress 
corrosion cracks at Yucca Mountain, 
Nevada: presented at Southwest 
Research Institute, San Antonio, 
Texas, October.

Fate and transport: presented at 
Texas Commission on Environmental 
Quality (TCEQ), Austin, Texas, 
May.

Jeffrey G. Paine
Combining airborne EM and surface-
water analyses to identify natural 
and oil-field salinity sources that 
degrade water quality in two Texas 
streams: presented at Geological 
Society of America Annual Meeting, 
Salt Lake City, Utah, October.

Applying airborne electromag-
netic induction in groundwater 
salinization and resource studies, 
West Texas: presented to Society 
of Petroleum Engineers, Permian, 
Midland, Texas, September.

EM applications to water-quality 
s tud ies :  p resen ted  to  Texas 
Commission of Environmental 
Quality, Austin, Texas, September.

Airborne geophysical investigations 
of salinization along the Colorado 
River: presented at Upper Colorado 
River Stakeholders’  Meeting, 
Ballinger, TX, June.
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Airborne geophysical investigations 
of salinization along Petronila 
Creek: presented at Petronila Creek 
Stakeholders’ Meeting, Robstown, 
Texas, June.

Delineating salinity sources along 
the Colorado River and Petronila 
Creek using airborne geophysics: 
presented to Red River Authority, 
Wichita Falls, Texas, June.

Combining EM and lidar to map 
coastal wetlands: an example from 
Mustang Island, Texas: presented 
at the 18th Symposium on the 
Application of Geophysics to 
Engineering and Environmental 
Problems, Atlanta, Georgia, April.

Eric Potter
Proposed statewide assessment of 
low-pressure gas resources in Texas:
a valuable resource to be captured 
and produced: presented to IPAA 
Supply and Demand Committee, 
Houston, Texas, November.

Robert M. Reed
I n t e g r a t e d  S E M - b a s e d 
cathodoluminescence imaging and 
fluid inclusion analysis of crack-
seal quartz cement in sandstone 
macrofractures:  presented at 
Geological Society of America 
Annual Meeting, Salt Lake City, 
Utah, October.

Robert C. Reedy
Monitoring of restrictive and 
conductive engineered barriers at 
a site in the Chihuahuan Desert, 
Texas: presented at Pantex AIP 
meeting, Amarillo, Texas.

Stephen C. Ruppel
Key issues  and quest ions in 
Paleozoic carbonate reservoir plays 
of the Permian Basin: presented at 
Permian Basin Section SEPM lunch, 
Midland, Texas, February.

Paul C. Sava
Heiland Lecture: invited, presented 
to  Geophys ic s  Depa r tmen t , 
Colorado School of Mines, Golden, 
Colorado.

Bridget R. Scanlon
Impact of climate variability and 
land use/land cover change on 
groundwater recharge in the 
Southwest U.S.:  presented to 
Lawrence Livermore National 
Laboratory, Livermore, California, 
June.

Comparison of different approaches 
for relating ecology and hydrology 
in semiarid regions: presented at 
American Geophysical Union Joint 
Assembly, New Orleans, Louisiana, 
May.

Fate and transport (with J. P. Nicot): 
presented to Texas Commission 
on Environmental Quality (TCEQ), 
Austin, Texas, Spring.

Overview of recharge studies in 
the Southwest U.S.: presented at 
International Atomic Energy Agency, 
Vienna, Austria, January.

Ecological controls on the water 
cycle in water-limited ecosystems: 
presented at Annual Meeting for the 
Society of Range Management, Fort 
Worth, Texas.

Potential for collaboration between 
University of Texas and Comision 
Nacional del Agua: presented 
to Comision Nacional del Agua, 
Mexico City, Mexico.

Scott W. Tinker
FutureGen Texas: invited lunch talk 
presented to Texas Association of 
Regional Councils, Austin, Texas, 
December.

The future of  global energy: 
presented to Nevada Petroleum 
Society, Reno, Nevada, December.

The role of coal in the global 
energy future: keynote address 
presented at The Future of Coal 
Energy Conference, Austin, Texas, 
December.

Beyond conventional oil: presented 
to South Texas Geological Society, 
San Antonio, Texas, November.

Global energy, looking toward the 
future: presented to Aera Energy, 
Bakersfield, California, November.

The Gulf Coast, Texas, and CO2: 
lunch keynote address presented 
to Society of Petroleum Engineers 
Applied Technology Workshop, 
Galveston, Texas, November.

The “I” in BusIness EthIcs: invited 
lunch talk presented to San Joaquin 
Geological Society, Bakersfield, 
California, November.

Beyond EOR: advanced oil recovery 
and the West Texas energy future: 
presented at West Texas Geological 
Society Fall Symposium, Midland, 
Texas, October.

Hydrocarbons :  p resen ted  to 
Engineering Foundation Advisory 
Council, The University of Texas at 
Austin, Austin, Texas, October.

I n d e p e n d e n t s  m u s t  t h i n k 
unconventionally: invited luncheon 
talk presented to Independent 
Petroleum Association of America, 
Houston, Texas, October.

The future of  global energy: 
presented to Learning Activities 
for Mature People (LAMP), The 
University of Texas at Austin, 
Austin, Texas, October.

Future trends: Jackson School 
Program in Unconventional Gas 
and CO2 Sequestration: presented at 
Jackson School of Geosciences Latin 
American Forum, The University of 
Texas at Austin and Latin America: 
Revitalizing Partnerships in Energy 
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and the Environment, Austin, Texas, 
September.

A  F e d e r a l  r o l e  i n  e n e r g y : 
opportunities and public realities: 
roundtable discussion keynote 
presented to Science Application 
International Corporation, hosted 
by Greater Houston Partnership, 
Houston, Texas, August.

The “I” in BusIness EthIcs: AAPG 
International Distinguished Lecture 
presented as invited lunch talk to 
Kansas Geological Survey, Kansas 
City, Kansas, August.

The “I” in BusIness EthIcs: AAPG 
International Distinguished Lecture 
presented to Rocky Mountain 
Association of Geologists, Denver, 
Colorado, August.

Unconventional gas and global 
energy: invited lunch talk presented 
to Highland Lakes Energy Industry 
Network Group, Marble Falls, 
Texas, July.

Systematic variations in the Capitan 
depositional system: McKittrick 
Canyon, West Texas and New 
Mexico: presented at American 
Association of Petroleum Geologists 
Annual Convention, Calgary, 
Canada, June.

The “I” in BusIness EthIcs: AAPG 
International Distinguished Lecture 
presented as invited lunch talk to 
American Association of Petroleum 
Geologists, Division of Professional 
Affairs (DPA), Annual Convention, 
Calgary, Canada, June.

The “I” in BusIness EthIcs: invited 
keynote presented at South-Central 
Section, Geological Society of 
America Annual Meeting, AAPG 
International Distinguished Ethics 
Lecture, Trinity University, San 
Antonio, Texas, April.

Unconventional gas resources: 
invited lecture presented to East 
Texas Geological Society, Tyler, 
Texas, April.

Unconventional gas resources: 
invited lecture presented to Texas 
Alliance of Energy Producers, 
Dallas, Texas, March.

Oil and natural gas price: the past 
may not be a key to the future: 
invited lecture presented to UT 
Energy  F inance Conference, 
Houston, Texas, February.

Unconventional gas and global 
energy: invited lunch talk presented 
to Shreveport Geological Society, 
Shreveport, Louisiana, February.

Mark Tomasso
Lessons learned from a three-
dimensional exposure of a sinuous 
slope channel, Brushy Canyon 
Formation, West Texas: presented at 
SEPM Deepwater Research Group 
Annual Meeting, Calgary, Canada, 
June.

Ramón H. Treviño
Sequence stratigraphy of the South 
Texas Oligocene: the relationship 
between shale tectonism and 
lowstand deposition: presented to 
Austin SIPES, Austin, Texas, April.

Hongliu Zeng
Mapping sandstone distribution in 
fourth- and fifth-order sequences 
using seismic sedimentology in 
Corpus Christi Bay, Texas an 
exploration tool: presented at 
DOGS soft rock seminar, Austin, 
Texas, October.

Using seismic sedimentology and 
stratal slicing to explore for and 
map reservoirs in the Tertiary of the 
GOM: presented as GCSSEPM Short 
Course, Austin, Texas, September.

Recent developments in high-
resolution reservoir description 
using 3-D seismic data: presented 
at the Research Center, China 
Petroleum & Chemical Corporation 
(SINOPEC), Beijing, China, July.

Seismic frequency control on 
seismic stratigraphy: applications: 
presented at Petroleum University 
of China, Beijing, China, June.

Incised val leys f rom seismic 
geomorphology and stratal slicing, 
a Gulf Coast example: presented to 
the Austin chapter of SIPES (Society 
of Independent Professional Earth 
Scientists, Austin, Texas, January.

BEG SEMINARS

WILLIAM  A. AM B ROSE

What is an energy mineral and what 
can it do for you? August.

Moon crater morphology and styles 
of degradation, February.

Shirley P. Dutton
Curation of continental scientific 
cores and samples at the Houston 
Research Center, September.

Sergey B. Fomel
Estimating structural uncertainty  
in seismic images, October.

Susan D. Hovorka
Climate change: the issues and the 
options, June.

Michael R. Hudec
A compres s iona l  o r i g in  fo r 
minibasins near the Sigsbee Scarp, 
Gulf of Mexico, September.

Martin P. A. Jackson
An allochthonous salt canopy on 
Axel Heiberg Island, Sverdrup 
Basin, Arctic Canada, February.
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Paul E. Murray
High-resolution shear-wave images 
of near-seafloor geology from the 
deep-water Gulf of Mexico, May.

H. Seay Nance
Interaction between surface water 
and groundwater along the upper 
Colorado River,  West Texas, 
October.

Stephen C. Ruppel
Surprising lessons from multi-
disciplinary characterization of 
a Permian carbonate platform 
reservoir, April.

Hongliu Zeng
Mapping sandstone distribution in 
high-frequency sequences using 
seismic sedimentology in Corpus 
Christi Bay, Texas, September.

Seismic inversion for high-resolution 
reservoir modeling, April.

COMMITTEE 
RESPONSIBILITIES 
AND PROFESSIONAL 
ACTIVITIES

WILLIAM  A. AM B ROSE

President-Elect, Energy Minerals 
Division, American Association of 
Petroleum Geologists, 2005–2006

Judge, Technical Sessions, Calgary, 
Annual AAPG Convention

Sigrid J. Clift
Organizer, Turning Emissions into 
Significant Profits: presented to 
PTTC Texas Region, Corpus Christi, 
Texas, June.

Co-organizer, Reserve Growth 
Potential from CO2 Enhanced Oil 
Recovery along the Gulf Coast: 
presented to PTTC Texas Region, 
Houston, Texas, December.

Co-organizer, The Tight Gas Sands 
of the Cotton Valley Formation 
of East Texas: A Core Workshop: 
presented to PTTC Texas Region, 
Austin, Texas, December.

Co-organizer ,  Barne t t  Sha le 
Symposium: presented to PTTC 
Texas Region, Midland, Texas, 
November.

Co-organizer, Fundamentals of 
Seismic Interpretation: presented 
to PTTC Texas Region, Farmers 
Branch, Texas, November.

Co-organizer,  Symposium on 
Improved Profits through Best 
Managed Practice: presented to 
PTTC Texas Region, Corpus Christi, 
Texas, November.

Co-organizer, New Technology 
Enabling New Plays: presented 
to PTTC Texas Region, Farmers 
Branch, Texas, October.

C o - o r g a n i z e r ,  G e o l o g i c a l , 
Petrophysical, and Engineering 
Aspects of Avoiding Reserves 
Writedowns: presented to PTTC 
Texas Region, Farmers Branch, 
Texas, September.

Co-organizer, Introduction to 
Mining the Internet: Using Free GIS 
Data and Low Cost Software for the 
Oil & Gas Professional: presented 
to PTTC Texas Region, Farmington, 
New Mexico, September.

Co-organizer, Introduction to 
Mining the Internet: Using Free GIS 
Data and Low Cost Software for the 
Oil & Gas Professional: presented 
to PTTC Texas Region, Midland, 
Texas, September.

Co-organizer, Stranded Gas, Options 
for Realizing Value: presented to 
PTTC Texas Region, Wichita Falls, 
Texas, September.

Co-organizer ,  Barne t t  Sha le 
Symposium III: presented to PTTC 

Texas Region, Farmers Branch, 
Texas, June.

Co-organizer, Material Balance, 
Modeling, and Simulation: Reservoir 
Engineering Tools Past, Present, and 
Future: presented to PTTC Texas 
Region, Houston, Texas, June.

Co-organizer, Drillinginfo.com 
Seminar: presented to PTTC Texas 
Region, Farmers Branch, Texas, 
May.

Co-organizer, Production Data: 
Collecting It and Using It!: presented 
to PTTC Texas Region, Farmington, 
New Mexico, March.

Co-organizer, Production Data: 
Collecting It and Using It!: presented 
to PTTC Texas Region, Midland, 
Texas, March.

Co-organizer, Rocks, Pores, and 
Capillary Pressure: The Hole Story 
on How to Understand Reservoirs 
and Seals by Thinking like Oil 
and Gas: presented to PTTC Texas 
Region, Farmers Branch, Texas, 
March.

Co-organ ize r ,  Sand  Cont ro l 
Workshop: presented to PTTC Texas 
Region, Houston, Texas, March.

Beverley B. DeJarnett
Chair, Information Management 
Initiative, Bureau of Economic 
Geology, 2005–present

Member, Headquarters and Business 
Committee, SEPM (Society for 
Sedimentary Geology), 2005–2008

Shirley P. Dutton
Chair, Researchers Retreat, Bureau 
of Economic Geology

Chair, Clastic Diagenesis Research 
G r o u p ,  S E P M  ( S o c i e t y  f o r 
Sedimentary Geology), 2005–2006

Member, Ad Hoc Consultative 
Committee for the Selection of the 
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Dean of the John A. and Katherine 
G. Jackson School of Geosciences, 
The University of Texas at Austin, 
2005–2006

M e m b e r ,  G r a d u a t e  S t u d i e s 
C o m m i t t e e ,  D e p a r t m e n t  o f 
Geological Sciences, The University 
of Texas at Austin

Member, Promotions Advisory 
Committee, Bureau of Economic 
Geology, 2004–2007

Member ,  Ph.D.  Disser ta t ion 
Examination Committee, Edward 
Lane, Metamorphic ages and 
geothermobarometric conditions 
in the Llano Uplift, central Texas: 
The University of Texas at Austin, 
2005

Par t i c ipan t ,  AAPG Hedberg 
Confe rence :  Unders tanding , 
Exploring, and Developing Tight 
Gas Sands, American Association 
of Petroleum Geologists

Peter Eichhubl

Member, Corpus Christi, Ph.D. 
Faculty Membership Committee, 
Texas A&M University, 2004–
2005

Supervisor, Ph.D. Dissertation 
Commit tee,  Fabrizio Agosta, 
University of California, Stanford, 
in progress, 2005

Supervisor, Ph.D. Dissertation 
Committee, Margaret Dalthorp, 
Texas A&M University, Corpus 
Christi, in progress, 2005

Supervisor, Ph.D. Dissertation 
Commi t t ee ,  Ch r i s t i e  Rowe , 
University of California, Santa Cruz, 
in progress, 2005

Web Manager, Corpus Christi 
Geology Program, Texas A&M 
University, 2004–2005

Sergey B. Fomel
Technical Program Session Chair, 
SEG Annual International Meeting 

Michelle M. Foss
Chai r ,  Overcoming  Bar r ie r s 
to Electricity Investment, the 
Deve lop ing  Wor ld  and  t he 
Electricity Challenge, International 
Energy Agency (Paris)

M e m b e r ,  W o m e n ’ s  E n e r g y 
Network

Member, Houston Geological 
Society

Member, Association of International 
Petroleum Negotiators

Membe r ,  Boa rd  o f  Ed i t o r s , 
International Journal of Regulation 
and Governance

Julia F. W. Gale
M e m b e r ,  S t u d e n t  S u p p o r t 
Committee, Jackson School of 
Geosciences, The University of 
Texas at Austin, 2005–2008

Mariano E. Gurfinkel
Chair, Technical Program Com-
mittee and Session, Field Cases 
and Fluid Properties, International 
Thermal Operations and Heavy Oil 
Symposium

Member ,  Technical  Program 
Committee, International Thermal 
O p e r a t i o n s  a n d  H e a v y  O i l 
Symposium

Session Chair, Field Cases and 
Fluid Properties, International 
Thermal Operations and Heavy Oil 
Symposium

Bob A. Hardage
Judge, Meritorious Engineering 
Awards  Judg ing  Team,  E&P 
Magazine

Chairman, Promotions Advisory 
Committee, Bureau of Economic 
Geology

Susan D. Hovorka
Member, Organizing Committee, 
Applied Technology Workshop 
on CO2 Sequestration, Society of 
Petroleum Engineers

Member, Outreach Working Group, 
Regional Geological Sequestration 
Partnerships, 2005–2006

Michael R. Hudec
Member, Endowment Committee, 
John A. and Katherine G. Jackson 
School  o f  Geosciences ,  The 
University of Texas at Austin, 2005–
2006

Member, Initiative Review Com-
mittee, John A. and Katherine G. 
Jackson School of Geosciences, The 
University of Texas at Austin

Member ,  Ph.D.  Disser ta t ion 
Committee, Patricia Montoya, Salt 
tectonics and sequence-stratigraphic 
history of minibasins near the 
Sigsbee Escarpment, Gulf of Mexico: 
The University of Texas at Austin, in 
progress, 2005

Martin P. A. Jackson
Vice-Chair, Strategic Planning 
Council, John A. and Katherine G. 
Jackson School of Geosciences, The 
University of Texas at Austin

James W. Jennings, Jr.
Co-Chairman, Ph.D. Dissertation 
C o m m i t t e e ,  L i y i n g  Z h a n g , 
Multiscale flow and transport in 
highly heterogeneous carbonates: 
The University of Texas at Austin, 
Petroleum Engineering, 2005

Stephen E. Laubach
Chair, Promotion Advisory Com-
mit tee ,  Bureau of  Economic 
Geology, 2005–2006

Member, Appointments Committee, 
John A. and Katherine G. Jackson 
School  o f  Geosciences ,  The 
University of Texas at Austin, 2005–
2006
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Supervisor, M.S. Thesis Committee, 
Meghan E. Ward, The University of 
Texas at Austin, in progress, 2005

Supervisor, M.S. Thesis Committee, 
Kira Diaz Tushman, The University 
of Texas at Austin, in progress, 
2005

Supervisor, Ph.D. Dissertation 
Committee, Edgar Pinzon, The 
University of Texas at Austin, in 
progress, 2005

Member ,  Ph.D.  Disser ta t ion 
Committee, Gareth Cross, The 
University of Texas at Austin, in 
progress, 2005

Member ,  Ph.D.  Disser ta t ion 
Committee, Peggy Rijken, The 
University of Texas at Austin, 
completed, 2005

Member ,  Ph.D.  Disser ta t ion 
Committee, Leonel Gomez, The 
University of Texas at Austin, Austin, 
Texas, Department of Geological 
Sciences, in progress, 2005

F. Jerry Lucia
Member, Promotions Advisory 
Committee, Bureau of Economic 
Geology

Paul E. Murray
Session Chair, Multicomponent 
Anisotropy and Fracture Detection, 
SEG 75th International Exposition 
and Annual Meeting

Jeffrey G. Paine
Member - a t - La r ge ,  Boa rd  o f 
Directors, Environmental and 
Engineering Geophysical Society, 
2005–Present

Session Chair, Symposium on 
the Application of Geophysics to 
Engineering and Environmental 
Problems: Novel Geophysical 
Applications, Environmental and 
Engineering Geophysical Society

Member, M.S. Thesis Committee, 
Martin Hanzlik, The University 
of Texas at Austin, Austin, Texas, 
2005

Jean-Philippe Nicot
Member, Joint Water Reuse &  
Desalination Task Force, Imple-
mentation of the Desalination 
& Water Purification Roadmap, 
Workshop on Concentrate Man-
agement, San Diego, California, 
October 20–21 

David R. Pyles
Member, SEPM Research Group:  
Turbidi tes  and Deep-Marine 
Sedimentation, American Associa-
tion of Petroleum Geologists/Society 
of Economic Paleontologists and 
Mineralogists Annual Meeting

Robert M. Reed
Member, Ph.D. Dissertation Com-
mittee, Edward D. Lane, Distribution 
of metamorphic ages and geo-
thermobarometric conditions in  
the Llano Uplift, Central Texas: The 
University of Texas at Austin, In 
progress, 2005

Member, B.S. with Honors Thesis 
Committee, Wesley D. Crawford, 
Jr., A Comparative Study of Eclogitic 
Remnants from the Llano Uplift, 
Central Texas: The University of 
Texas at Austin, 2005

Stephen C. Ruppel
Member, Job Grade and Promotions 
Committee, Bureau of Economic 
Geology

Member, MIT Task Force, Bureau of 
Economic Geology

Paul C. Sava
Associate Editor, Geophysics, 
Society of Exploration Geophysicists, 
2005–present

Bridget R. Scanlon
Member, Committee on Integrated 
Observations on Hydrologic and 
Related Sciences, National Academy 
of Sciences, 2005–2007

Member, Committee on Unsaturated 
Zone  Hyd ro logy ,  Amer i can 
Geophysical Union, 1997–2005

Symposium Developer and Co-
Chair, Impacts of Land Use/Land 
Cover Change on the Water Cycle 
Committee, American Geophysical 
Union Fall Program, 2005–2007

Supervisor, Ph.D. Dissertation 
C o m m i t t e e ,  B r a d  C e y ,  T h e 
University of Texas at Austin, 
Department of Geological Sciences, 
in progress, 2005

Supervisor, M.S. Thesis Committee, 
Kelley Keese, Assessing controls 
on diffuse groundwater recharge 
using unsaturated flow modeling: 
The University of Texas at Austin, 
Department of Geological Sciences, 
2005

Member ,  Ph.D.  Disser ta t ion 
C o m m i t t e e ,  C r y s t a l  G e n e -
Hua, Massachusetts Institute of 
Technology, in progress, 2005

Member ,  Ph.D.  Disser ta t ion 
Commi t tee ,  Jon  Gooda l l ,  A 
spatial temporal data model for 
the land surface and atmosphere: 
The University of Texas at Austin, 
Department of Civil Engineering, 
2005

Member ,  Ph.D.  Disser ta t ion 
Committee, Lyndsey Gulden, The 
University of Texas at Austin, 
Department of Geological Sciences, 
in progress, 2005

Member ,  Ph.D.  Disser ta t ion 
Committee, Patrick J. Mickler, 
Elemental and isotopic study of 
speleothems in Barbados: The 
University of Texas at Austin, 
Austin, Texas, 2005
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Member, M.S. Thesis Committee, 
Danny Bailey, The University of Texas 
at Austin, Department of Geological 
Sciences, in progress, 2005

Member, M.S. Thesis Committee, 
Kelli Warren, Hydrogeology of the 
Barta Brothers’ Ranch: University of 
Nebraska, 2005

Scott W. Tinker
Leader, Advisory Board, FutureGen 
Texas

L e a d e r ,  M a n a g e m e n t  T e a m , 
FutureGen Texas

Lead Member, Advanced Energy 
Consor t ium Format ion,  Texas 
Technology Initiative, State of Texas

Liaison, Texas Technology Initiative, 
The University of Texas at Austin

Member, Center for International 
Energy and Environmental Policy 
(CIEEP), The University of Texas at 
Austin

Member, Committee to Implement 
the AASG/USGS MOU, Association 
of American State Geologists

Member, Permanence Subcom-
mittee,  Petroleum Technology 
Transfer Council

Member ,  P lanning  Group for 
Workshop on Issues Related to 
Peaking of Global Oil Production, 
The National Academies, National 
Research Council

Member, Search Committee for 
Carbonate Chair, Department of 
Geological Sciences, The University 
of Texas at Austin, 2005–present

Member, Search Committee for 
Energy and Mineral Resources 
Director, Department of Geological 
Sciences, The University of Texas at 
Austin

Member, State Strategy on Advanced 
Technology, State of Texas, 2004–
2005

Member, State Strategy on Advanced 
Technology, Texas Technology 
Initiative, State of Texas

Member, Strategic Planning Council, 
John A. and Katherine G. Jackson 
School of Geosciences, The University 
of Texas at Austin, Austin, Texas

Member, Jackson School of Geo-
sciences and College of Engineering 
Future Collaboration Advisory 
Committee, John A. and Katherine G.  
Jackson School of Geosciences, The 
University of Texas at Austin, Austin, 
Texas, 2004–2005

Member,  Steer ing Commit tee,  
John A. and Katherine G. Jackson 
Schoo l  o f  Geosc i ences ,  The 
University of Texas at Austin, Austin, 
Texas, 2001–2005

Member, Texas Energy Cluster, State 
Strategy on Advanced Technology, 
State of Texas

Member, Texas Energy Cluster, 
Technology Working Group, State 
Strategy on Advanced Technology, 
State of Texas

Panelist, High Oil Prices, Discussion 
hosted by economics professors at 
The University of Texas at Austin

Session Chair, Future Global Oil 
Supply/Demand Balance, National 
Research Council Workshop on 
Trends in Oil Supply and Demand 
and Po ten t ia l  fo r  Peak ing  o f 
Conventional Oil Production

Ramón H. Treviño
Treasurer, GCSSEPM Executive 
Council, Gulf Coast Section-SEPM, 
2005–2007

Lesli J. Wood
Co-Convenor, Seismic Geomorph-
o logy  Con fe r ence ,  Hous ton , 
Geological Society of London/ 
Society of Sedimentary Geology

Member-at-Large, Committee on 
Professional Development, Geological 
Society of America, 2002–2005

CONGRESSIONAL, 
LEGISLATIVE, AND 
SPECIAL COMMITTEE 
TESTIMONY

ERIC POTTE R

Texas House Committee on Energy 
Resources, Representative Buddy 
West, East Texas Oil Field Study, 
House Bill 1512, State Capitol, 
Austin, Texas.

UNIVERSITY TEACHING

WILLIAM  A. AM B ROSE

Energy mineral  resources and 
economics: presented to GEO 391 
(Current Issues in International Energy 
and Environmental Policy), The 
University of Texas at Austin, Austin, 
Texas, September.

Shirley P. Dutton
Advanced reservoir geology: clastics: 
presented to GEO 391, co-instructor, 
Department of Geological Sciences, 
The University of Texas at Austin, 
Austin, Texas, Spring.

Sergey B. Fomel
Seismic wavefield imaging: pre-
sented to GEO 391, Department of 
Geological Sciences, The University 
of Texas at Austin, Austin, Texas, 
Fall.
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Martin P. A. Jackson
Introduction to salt tectonics: 
p resented  to  Depar tment  o f 
Geological Sciences, The University 
of Texas at Austin, Austin, Texas, 
April.

James W. Jennings, Jr.
Introduction to geostatistics for 
reservoir characterization and 
modeling: presented to PGE337, 
Department of Petroleum and 
Geosystems Engineering, The 
University of Texas at Austin, 
Austin, Texas, April.

Stephen E. Laubach
Structural diagenesis seminar 
(informal—graduates and staff 
met seven times, 2 h each time): 
The University of Texas at Austin, 
Department of Geological Sciences, 
Austin, Texas, Fall.

Jeffrey G. Paine
Hydrogeophysical field methods: 
p r e sen ted  to  Hyd rogeo logy 
Field Methods class, GEO 376L, 
Department of Geological Sciences, 
The University of Texas at Austin, 
Austin, Texas, May.

PUBLIC OUTREACH  
AND K-12 
JOHN R. ANDRE W S

A 3-D virtual tour of Bureau 
research: presented at Bob Bullock 
Texas State History Museum, Austin, 
Texas, March.

A 3-D virtual tour of Bureau 
research: presented at Bob Bullock 
Texas State History Museum, Austin, 
Texas, February.

Sigrid J. Clift
Presenter, Careers in Geoscience: 
presented to Fort Valley MSEA 
high school students, Austin, Texas, 
June.

Judge: NASA Student Science 
Projects, Austin, Texas, March.

Edward W. Collins
Aus t in ’ s  geo log ic  e lement s : 
landscape, stratigraphy, faults, 
and springs: presented to Texas 
Community College Teachers 
Association field-trip participants, 
Austin, Texas, February.

Beverley B. DeJarnett
Discovering geology!: presented at 
Coulson Tough Intermediate School, 
The Woodlands, Texas, October.

Rocks don’t lie: the importance of 
rocks in the petroleum industry: pre-
sented at CAST (Conference for the 
Advancement of Science Teaching), 
Houston, Texas, October.

Discovering geology!: presented at 
Coulson Tough Intermediate School, 
The Woodlands, Texas, January.

Roberto Gutiérrez 
Judge, Science Fair, Spicewood 
Elementary, February 1 

Ursula Hammes
Judge, Science Fair, Spicewood 
Elementary, February 1 

Randy L. Remington
Is dirt just dirt?: presented at Pack-
saddle Elementary School Science 
Fair, Kingsland, Texas, May.

Shinichi Sakurai
Judge, Science Fair, Spicewood 
Elementary, February 1 

Hongliu Zeng
Judge, Science Fair, Spicewood 
Elementary, February 1 
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 PUBLICATIONS
 New Bureau 
Publications 
in 2005
Ambrose, W. A., Breton, C. L., 

Holtz, M. H., and Nuñez 
López, V., 2005, Brine-
bearing formation in 
Texas: The University of 
Texas at Austin, Bureau 
of Economic Geology 
FutureGen Fact Sheet, 3 p.

Ambrose, W. A., Breton, C. L., 
Holtz, M. H., and Nuñez 
López, V., 2005, Coal 
resources in Texas: The 
University of Texas at Austin, 
Bureau of Economic Geology 
FutureGen Fact Sheet, 5 p.

Ambrose, W. A., Holtz, M. H., 
Nuñez López, V., and 
Breton, C. L., 2005, 
Candidate CO2-EOR oil 
reservoirs in Texas and ad-
jacent areas: The University 
of Texas at Austin, Bureau 
of Economic Geology 
FutureGen Fact Sheet, 5 p.

Collins, E. W., 2005, Geologic 
map of the west half of 
the Taylor, Texas, 30 × 60 
minute quadrangle: Central 
Texas urban corridor, en-
compassing Round Rock, 
Georgetown, Salado, 
Briggs, Liberty Hill, and 
Leander: The University 
of Texas at Austin, Bureau 
of Economic Geology, 
Miscellaneous Map No. 43, 
text 16 p., scale 1:100,000.

Dutton, S. P., Kim, E. M., 
Broadhead, R. F., Breton, 
C. L., Raatz, W. D., Ruppel, 
S. C., and Kerans, Charles, 
2005, Play analysis and 
digital portfolio of major oil 
reservoirs in the Permian 
Basin: The University of 
Texas at Austin, Bureau of 
Economic Geology Report 
of Investigations No. 271, 
287 p., CD-ROM.

Ferguson, W. K., and Doenges, 
S. V., 2005, The Jack Jackson 
story—refl ections of a ge-
ologist: The University of 
Texas at Austin, John A. and 
Katherine G. Jackson School 
of Geosciences, 197 p.

Kim, E. M., and Ruppel, 
S. C., 2005, Oil and 
gas map of Texas: The 
University of Texas at 
Austin, Bureau of Economic 
Geology, Page-Size Map, 
scale 1 inch = 1 mi.

Papers and 
Abstracts 
by Bureau Staff 
in Outside 
(Non-Bureau) 
Publications
Papers
Ambrose, W. A., Wawrzyniec, 

T. F., Fouad, Khaled, 
Sakurai, Shinichi, Jennette, 
D. C., Brown, L. F., Jr., 
Guevara, E. H., Dunlap, 
D. B., Talukdar, S. C., 

Aranda-García, Mario, 
Hernandez Romano, Ulises, 
Alvarado Vega, Juan, 
Macias Zamora, Eduardo, 
Ruiz-Ruiz, Héctor, and 
Cárdenas-Hernández, 
Ramón, 2005, Neogene 
tectonic, stratigraphic, 
and play framework of the 
southern Laguna Madre-
Tuxpan continental shelf, 
Gulf of Mexico: American 
Association of Petroleum 
Geologists Bulletin, v. 89, 
no. 6, p. 725–751.

Artman, Brad, and Fomel, 
Sergey, 2005, Fourier-
domain imaging condition 
for shot-profi le migration, in 
Stanford Exploration Project, 
Report 120, p. 325–332.

Barrick, J. E., Meyer, B. D., and 
Ruppel, S. C., 2005, The 
Silurian-Devonian bound-
ary and the Klonk event 
in the Frame Formation, 
subsurface West Texas, in 
Barrick, J. E., and Lane, 
H. R., eds., A standing ova-
tion: papers in honor of 
Gilbert Klapper: Bulletins 
of American Paleontology, 
No. 369, p. 105–122.

Bellian, J. A., Kerans, Charles, 
and Jennette, D. C., 
2005, Digital outcrop 
models: applications of 
terrestrial scanning lidar 
technology in stratigraph-
ic modeling: Journal of 
Sedimentary Research, 
v. 75, no. 2, p. 166–176.
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 PUBLICATIONS Brown, L. F., Jr., Loucks, R. G., 
and Treviño, R. H., 2005, 
Site-specifi c sequence-
stratigraphic section bench-
mark charts are key to 
regional chronostrati-
graphic systems tract 
analysis in growth-
faulted basins: American 
Association of Petroleum 
Geologists Bulletin, v. 89, 
no. 6, p. 715–724.

Canérot, Joseph, Hudec, M. R., 
and Rockenbauch, Konrad, 
2005, Mesozoic diapirism 
in the Pyrenean orogen: salt 
tectonics on a transform 
plate boundary: American 
Association of Petroleum 
Geologists Bulletin, v. 89, 
no. 2, p. 211–229.

Davatzes, N. C., Eichhubl, 
Peter, and Aydin, A., 2005, 
Structural evolution of 
fault zones in sandstone 
by multiple deformation 
mechanisms: Moab fault, 
SE Utah: Geological Society 
of America Bulletin, v. 117, 
no. 1/2, p. 135–148.

Dooley, T., McClay, K. R., 
Hempton, M., and Smit, D., 
2005, Salt tectonics above 
complex basement ex-
tensional fault systems: 
results from analogue 
modelling, in Doré, A. G., 
and Vining, B. A., eds., 
Petroleum geology: north-
west Europe and global 
perspectives—Proceedings 
of the 6th Petroleum 
Geology Conference: 
Geological Society, 
London, p. 1631–1648.

Duncan, I. J., 2005, 
Authenticity and long term 

preservation of digital 
geologic products in ar-
chival geoinformatics, in 
Proceedings, IAMG ‘05: 
GIS and spatial analysis, 
Annual Conference of the 
International Association 
for Mathematical Geology, 
Toronto, Canada, August 
21–26, v. 2, p. 874–879.

Duncan, I. J., 2005, Liability 
for digital datasets created 
by government agencies, 
in Proceedings, IAMG ‘05: 
GIS and spatial analysis, 
Annual Conference of the 
International Association 
for Mathematical Geology, 
Toronto, Canada, August 
21–26, v. 2, p. 867–873.

Duncan, I. J., 2005, Negligence 
and professional mal-
practice related to GIS 
datasets: Digital Mapping 
Techniques 2005, U.S. 
Geological Survey, USGS 
Open File, unpaginated

Dutton, S. P., Kim, E. M., 
Broadhead, R. F., Raatz, 
W. D., Breton, C. L., Ruppel, 
S. C., and Kerans, Charles, 
2005, Play analysis and 
leading-edge oil-reservoir 
development methods in the 
Permian basin: increased 
recovery through advanced 
technologies: American 
Association of Petroleum 
Geologists Bulletin, v. 89, 
no. 5, p. 553–576.

Eichhubl, Peter, D’Onfro, P., 
Aydin, A., Waters, J., and 
McCarty, D. K., 2005, 
Structure, petrophysics, 
and diagenesis of shale 
entrained along a normal 
fault, Black Diamond Mines, 

California—implications 
for fault seal: American 
Association of Petroleum 
Geologists Bulletin, v. 89, 
no. 9, p. 1113–1137.

Eichhubl, Peter, and Flodin, 
E., 2005, Brittle defor-
mation, fl uid fl ow, and 
diagenesis in sandstone at 
Valley of Fire State Park, 
Nevada, in Pederson, J., 
and Dehler, C. M., eds., 
Interior Western United 
States: Geological Society 
of America Field Guides, 
vol. 6, p. 151-167, doi: 
10.1130/2005.fl d006(07).

Foss, M. M., 2005, Global 
natural gas issues and chal-
lenges: a commentary: The 
Energy Journal, v. 26, no. 2.

Foss, M. M., Goldwyn, David, 
and Kalicki, Jan, 2005, 
Chapter 22. Can a “global” 
natural gas market be 
achieved?, in Goldwyn, 
David, and Kalicki, Jan, eds., 
Energy security in the 21st 
century: a new foreign policy 
strategy: Washington, D.C, 
Woodrow Wilson Center. 

Freifeld, B. M., Trautz, R. C., 
Kharaka, Y. K., Phelps, T. J., 
Myer, L. R., Hovorka, S. D., 
and Collins, D. J., 2005, 
The U-tube: a novel system 
for acquiring borehole 
fl uid samples from a deep 
geologic CO2 sequestra-
tion experiment: Journal 
of Geophysical Research, 
v. 110, B10203, 10 p.

Fullmer, Shawn, and Lucia, 
F. J., 2005, Burial history of 
Central Texas Cretaceous 
carbonates: Gulf Coast 
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Association of Geological 
Societies Transactions, 
v. 55, p. 225–232.

Gale, J. F. W., Laubach, S. E., 
Olson, Jon, and Marrett, 
Randall, 2005, Using the 
link between diagenesis 
and fracturing to accurately 
predict, characterize, and 
model fluid-flow in fractured 
carbonate rocks: Society 
of Petroleum Engineers, 
Paper No. 97382, 7 p.

Guitton, Antoine, Lomask, 
Jesse, and Fomel, Sergey, 
2005, Non-linear estima-
tion of vertical delays with 
a quasi-Newton method, in 
Stanford Exploration Project, 
Report 120, p. 167–179.

Hammes, Ursula, Zeng, 
Hongliu, Brown, L. F., Jr., 
Loucks, R. G., and Montoya, 
Patricia, 2005, Seismic 
geomorphology of Oligocene 
Frio lowstand slope and ba-
sin-floor sedimentary bodies 
in growth-faulted subbasins 
in South Texas: Gulf Coast 
Association of Geological 
Societies Transactions, 
v. 55, p. 278–282.

Holtz, M. H., Nuñez López, 
Vanessa, and Breton, C. L., 
2005, Moving Permian Basin 
technology to the Gulf Coast: 
the geologic distribution of 
CO2 EOR potential in Gulf 
Coast reservoirs, in Lufholm, 
Peter, and Cox, Denise, eds., 
Unconventional reservoirs 
technology and strategies: 
alternative perspectives 
for the Permian Basin: 
West Texas Geological 
Society Fall Symposium, 
October 26–28, Publication 
#05-115, CD-ROM [10 p.].

Hovorka, S. D., 2005, Frio 
Brine Pilot Experiment— 
six months after injec-
tion: Greenhouse Issues, 
no. 77, p. 1–3.

Hovorka, S. D., 2005, Put 
it back—an experiment 
in returning carbon from 
burning of fossil fuel to 
the subsurface as car-
bon dioxide: Houston 
Geological Society Bulletin, 
v. 47, no. 5, p. 34–43.

Hovorka, S. D., 2005, Stop 5: 
337 Loop roadcut, New 
Braunfels, in Schindel, 
G. M., Hoyt, J. R., Johnson, 
S. B., Veni, G., Wilcox, 
B. P., Munster, C. L., 
Hovorka, S. D., Kreitler, 
C. W., and Shade, B. L., 
eds., An introduction to 
the Balcones Fault Zone 
segment of the Edwards 
Aquifer in South-Central 
Texas: an event of the 
2005 Ground Water 
Summit: National Ground 
Water Association and 
Edwards Aquifer Authority, 
p. 5-1–5-2 + 2 figs.

Hovorka, S. D., Collins, Dan, 
Benson, Sally, Myer, Larry, 
Byrer, Charles, and Cohen, 
Karen, 2005, Update on 
the Frio Brine Pilot: eight 
months after injection, in 
Proceedings, Fourth Annual 
Conference on Carbon 
Capture and Sequestration 
DOE/NETL, 6 p., CD-ROM.

Hovorka, S. D., Doughty, 
Christine, and Holtz, M. H., 
2005, Testing efficiency of 
storage in the subsurface: 
Frio Brine Pilot Experiment, 
in Wilson, M., Morris, T., 
Gale, J., and Thambimuthu, 

eds., Greenhouse gas 
control technologies: 
San Diego, Elsevier, 
Volume II, 1361–1372.

Hovorka, S. D., Hotinski, 
Roberta, and Friedmann, 
S. J., 2005, Audience-
pleasing physical models 
to support CO2 outreach, 
in Proceedings, Fourth 
Annual Conference on 
Carbon Capture and 
Sequestration: DOE/NETL, 
Alexandria, Virginia, May 
2–5, 9 p., CD-ROM.

Jackson, M. P. A., Hudec, 
M. R., and Hegarty, K.A., 
2005, Stratigraphic record of 
translation down ramps in a 
passive-margin salt detach-
ment: Journal of Structural 
Geology, v. 27, p. 889–911.

Jackson, M. P. A., and Hudec, 
M. R., 2005, The great 
West African Tertiary 
coastal uplift: fact or fic-
tion? A perspective from the 
Angolan divergent margin: 
Tectonics, v. 24, TC6014, 
doi:10.1029/2005TC001836.

Jennette, Sylvia, 2005, Students 
at work—what attracts them 
to the Bureau and what 
they give back, in Midyear 
report: The University of 
Texas at Austin, Bureau of 
Economic Geology, p. 1–6.

Kane, J. A., and Jennings, 
J. W., Jr., 2005, A method 
to normalize log data by 
calibration to large-scale 
data trends: Society of 
Petroleum Engineers, Paper 
No. SPE 96081, 12 p.

Keese, K. E., Scanlon, B. R., 
and Reedy, R. C., 2005, 
Assessing controls on diffuse 
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groundwater recharge using 
unsaturated flow modeling: 
Water Resources Research, 
v. 41, W06010, doi:10.1029/
2004WR003841 [12 p.].

Kerans, C., 2005, Field trip 
stop 4: Lower Glen Rose 
rudist bioherms, Pipe 
Creek, Bandera County, 
in Filkorn, H. F., Johnson, 
C. C., Molineux, A., and 
Scott, R. W., eds., Seventh 
International Congress 
on Rudists: abstracts 
and post-congress field 
guide, p. 156–166.

Kharaka, Yousif, Cole, David, 
Gunter, William, Knauss, 
Kevin, and Nance, Seay, 
2005, Geochemistry of water 
and gases in the Frio Brine 
Pilot Text: baseline data and 
changes during and post CO2 
injection, in Proceedings, 
Fourth Annual Conference 
on Carbon Capture and 
Sequestration: DOE/NETL, 
Alexandria, Virginia, May 
2–5, 22 p., CD-ROM.

Kurtzman, D., Nativ, R., 
and Adar, E. M., 2005, 
Correlating fracture trends 
and hydraulic head us-
ing semivariogram cloud 
analysis: Ground Water, 
v. 43, p. 250–258.

Kurtzman, D., Nativ, R., and 
Adar, E. M., 2005, The con-
ceptualization of a channel 
network through macro-
scopic analysis of pumping 
and tracer tests in fractured 
chalk: Journal of Hydrology, 
v. 309, p. 241–257.

Ledet, M. M., Klekamp, Tom, 
and Hammes, Ursula, 
2005, Report of the editors, 

karst: Proceedings, Tenth 
Multidisciplinary Conference, 
San Antonio, September 
24–28: American Society of 
Civil Engineers, Geotechnical 
Special Publication No. 
144, p. 178–187.

Masterson, A. R., and Ingold, 
David, 2005, A new world 
view: The EMM Messenger: 
The Episcopal Migration 
Miniseries Newsletter, no. 6, 
p. 1. Online at http://www.
episcopalchurch.org/emm

McCallum, S. D., Riestenberg, 
D. E., Cole, D. R., Freifeld, 
B. M., Trautz, R. C., 
Hovorka, S. D., and Phelps, 
T. J., 2005, Monitoring ge-
ologically sequestered CO2 
during the Frio Brine Pilot 
Test using perfluorocarbon 
tracers, in Proceedings, 
Fourth Annual Conference 
on Carbon Capture and 
Sequestration DOE/NETL, 
May 2–5, 9 p., CD-ROM.

McClay, K. R., Dooley, T., 
Whitehouse, P., and Anadon-
Ruiz, S., 2005, 4D analogue 
models of extensional fault 
systems in asymmetric 
rifts: 3D visualisations and 
comparisons with natural 
examples, in Doré, A. G., 
and Vining, B. A., eds., 
Petroleum geology: north-
west Europe and global 
perspectives—Proceedings 
of the 6th Petroleum 
Geology Conference: 
Geological Society, 
London, p. 1543–1556.

Milliken, K. L., Reed, R. M., 
and Laubach, S. E., 2005, 
Chapter 14. Quantifying 
compaction and cementa-
tion in deformation bands 

Transactions volume 54, 
2004: Gulf Coast Association 
of Geological Societies 
Transactions, v. 55, p. F-29.

Lindgren, R. J., Dutton, A. R., 
Hovorka, S. D., Worthington, 
S. R. H., and Painter, Scott, 
2005, Conceptualization 
and simulation of the 
Edwards aquifer, San 
Antonio region, Texas, in 
U.S. Geological Survey Karst 
Interest Group Proceedings, 
Rapid City, South Dakota, 
September 12–15: U.S. 
Geological Survey, Scientific 
Investigations Report 
2005-5160, p. 48–57.

Lomask, Jesse, Guitton, 
Antoine, Fomel, Sergey, 
and Claerbout, Jon, 2005, 
Update on flattening with-
out picking, in Stanford 
Exploration Project, Report 
120, p. 137–159.

Loucks, R. G., 2005, Report 
of the President, Gulf 
Coast Section SEPM: 
Gulf Coast Association 
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