EDGER Prospectus 2019

Exploration and Development Geophysics Education
and Research (EDGER)

The University of Texas at Austin
Jackson School of Geosciences

Department of Geological Sciences
www.jsg.utexas.edu/edger/

Prospectus 2019

The UT-Austin EDGER Forum is a consortium of petroleum producing and service companies focused on
educating graduate students and conducting research on development and application of geophysical
methods to support exploration and development of petroleum reserves. The Forum also coordinates
education and technology transfer among producing and service companies and academia.

RESEARCH: Pushing the limits of seismic resolution

In the past decade, efforts have increased to search for hydrocarbons in difficult areas and in unconventional
and fractured reservoirs. This search prompted acquisition of multi-azimuth and wide-azimuth datasets,
acquisition in boreholes using DAS, and development of processing algorithms using more complete
physics of wave propagation. Currently the primary focus of EDGER is on advancement in understanding
of seismic wave phenomena in complex geological environment (including fractures) and quantitative
seismic interpretation (QSI). The scope of research encompasses four major themes:

e Development of 3D seismic modeling algorithms in media containing fractures, pores and fluids,
and development of new techniques for seismic imaging;

e Application of Machine Learning in seismic inversion and reservoir characterization;
Development of new rock physics models and laboratory measurements of attenuation in the
seismic frequency band;

e Integration of seismic inversion and rock physics models using novel statistical approaches and
validation with field datasets.

Our imaging and inversion efforts include development of new theory and numerical algorithms for forward
seismic modeling that are computationally efficient and accurate. These are used in full waveform imaging
and inversion. Inversion for reservoir parameter estimation will be carried out using hybrid Markov Chain
Monte Carlo methods. Effective medium models are being tested by computing the seismic responses of
realistic rock models based on distributions of rock properties. We are developing new data integration
techniques using geostatistical methods and Bayesian analysis and new laboratory tools to characterize and
study wave propagation in saturated and fractured rocks.

Current and Planned Research:

1. Seismic modeling and imaging

1.1. Modeling of seismic wave propagation in fractured media: We are developing a 3D seismic wave
propagation modeling algorithm based on extended Galerkin and hybrid finite element methods and on
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integral formulations. These algorithms overcome the limitations of standard finite difference and finite
element methods and are able to embed discrete fractures in the model. Thus we can test the validity of
the effective media theories. Realistic spatially variable fracture swarms can be easily incorporated into
the model. Realistic simulations of wave propagation at different stages of hydraulic fracturing can also
be made.

1.2. Pre-stack reverse-time migration (RTM) in frequency-ray parameter domain: We are developing a
new RTM algorithm that reduces the data volume significantly and thus will perhaps reduce the
computational burden of RTM. Feasibility of least squares migration in the coupled ray-parameter
domain is also being examined.
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Figure. Fracture index values for a set of models with varying fracture spacing were computed from
the synthetic seismograms (at different frequencies) computed by the integral formulation. Note
that when fracture spacing is small, we obtain very low Sl value indicating that the medium
behaves like an effective anisotropic medium. With the increase in fracture spacing, the Sl
increases until a threshold value where they essentially act as individual diffractors.

2. Seismic inversion for reservoir characterization

2.1 Transdimensional inversion: In the past year, we developed a basis pursuit inversion (BPI) scheme and
a fractal based stochastic inversion algorithm for reservoir parameter estimation. Currently we are
focusing on one fundamental question: “How many layers are constrained by seismic data?” In other
words, in our transdimensional inversion, the number of layer parameters is also a variable that we
solve for. The optimization will be carried out using Hamiltonian Monte-Carlo approach.

2.2 Quantitative fracture characterization: Most recently we extended the AVOA method to directly
estimate fracture weaknesses that can be directly related to fracture density. Our current effort is to
extend this algorithm to orthorhombic media.

2.3 Machine learning applications: In the past (early 2000s), we reported on the application of feedforward
artificial neural network (ANN) to some problems of parameter estimation in Geophysics. They
include: NMO interval velocity estimation and resistivity and thickness estimation. A variant called
Hopefield neural network (HNN) was also applied to deconvolution and multiple attenuation. We also
developed algorithms for facies classification using seismic and well log data.

The resurgence of ANN as machine learning has witnessed significant development in algorithms and
implementation of these in several different fields. We plan to build on our experience on ANN and
develop machine learning tools for at least two applications in the next couple of years. These include:
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(1) post and pre-stack seismic inversion using Convolutional neural network (CNN). We believe that
CNN will results in higher resolutions impedance models than can be achieved by conventional angle
stack inversion. (2) development of probabilistic models of reservoir characteristics using seismic, well,
core and other ancillary data. We are also developing new AVA and least squares migration methods
using Hopfield Neural networks (HNN).

3. Advanced rock physics modeling

3.1 Rock-physics models link rock properties and seismic responses, thus enabling a quantitative approach
to seismic interpretation. For anisotropic rocks, resulting from alignment of platy clay minerals and
non-spherical pores differentiate shale from conventional reservoir rocks. This high degree of
anisotropy affects both the seismic response and log measurements, and should be accounted in rock-
physics modeling. We investigate anisotropic rock physics modeling by using rock types and
anisotropic effective medium models. The effective medium models consist of distributions of
minerals, mineral moduli, pore types, and orientation functions. For conventional reservoir rocks, the
modeling approaches account for compaction, diagenesis, lithology, and fluid distributions. Statistical
and numerical approaches aid in describing scenarios observed in well and core data and in assessing
scenarios not observed in well locations but are geologically likely.
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Figure. Modeled anisotropic stiffness components compared to well log measurements from an
anisotropic interval. Color is porosity on the left and volume of clay (a). (b) is the comparison of
modeled and measured porosity logs where the model comes from statistical sampling from (a).

3.2. Experimental rock-physics and rock-mechanics: The Rock Deformation Laboratory is the new
experimental facility of the Department of Geological Sciences at The University of Texas at Austin.
The Rock Deformation Laboratory comprises a preparation room of 650 sq ft hosting equipment to
prepare rock plugs that are suitable for mechanical testing, and an experimental room of 640 sq ft that
hosts the experimental machines: a large 200 MPa (30000 psi) triaxial pressure vessel (NER autolab
1500), a X-ray transparent triaxial pressure vessel for in-situ rock-mechanics and rock-physics tests
(e.g., failure or permeability tests), a benchtop press to determine the dynamic bulk modulus of fluids,
a high-speed rotary machine to study friction in rocks, ultrasonic transducers to measure Vp and Vs in
core plugs, two high-end GPU-based DELL workstations for numerical simulations.
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The EDGER Forum takes advantage of the Rock Deformation Laboratory to characterize geomaterials
and to test rock-physics models. In particular, we have developed new tools to measure low-frequency
(<100 Hz) complex elastic moduli, attenuation of seismic waves and wave-induced-fluid-pressure in
rock samples. Currently, we are studying the propagation of seismic waves in fractured rock samples
and wave-induced fluid flows in partially saturated rocks, and we are developing new algorithms for
Digital Rock Physics. Our philosophy is to combine laboratory measurements and numerical modeling
to gain insights about the physics controlling the propagation of seismic waves. Once the physics is
captured, the task of upscaling the laboratory measurements to reservoir-scale problems is simplified.
Numerical modeling tools that are available in the Rock Deformation Laboratory include: Sofi 2D and
Sofi3D (Viscoelastic Finite-Difference Seismic Wave Simulators), COMSOL Multiphysics Modeling
software and Irazu geomechanics simulation software by Geomechanica Inc.
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Figure. Students are using the NER autolab 1500 pressure vessel in the Rock Deformation Laboratory.

4. Quantitative Seismic Interpretation: Integration of rock physics modeling and seismic inversion

Our recent applications of rock physics and seismic inversion for reservoir characterization have been
in the areas of conventional and unconventional reservoirs and for CO2 injection for EOR and storage.
In each case, the heterogeneity of the reservoirs must be accounted as well as pertinent geologic factors
such as cementation or geophysical factors such as anisotropy. Our seismic-scale estimates are derived
through rigorous rock-physics modeling done at the well log and core scale scales and validated at test
wells. This integrated approach also provides uncertainty estimates at every step of the forward and
inverse problems.
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Figure. Global-optimization impedance realization. A thin-bed inversion routine resulted in high-
resolution estimates of elastic properties.
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Research Team

Dr. Mrinal K. Sen, Co-principal Investigator

Mrinal K. Sen is a professor and holder of Jackson chair in Applied Seismology with joint
appointment at the institute for Geophysics and the Department of Geological Sciences. His
research interests include seismic wave propagation and inverse theory. He has co-authored two
books on geophysical inversion. His group has been engaged in developing new techniques for
seismic modeling and inversion including data integration for subsurface model building.

Dr. Kyle T. Spikes, Co-principal Investigator

Kyle T. Spikes is an associate professor in the Department of Geological Sciences with a focus in
rock physics. His interests primarily involve the integration of geologic information with
quantitative tools for seismic reservoir and basin characterization. This area of research includes
both forward and inverse problems that combine rock physics, stochastic geologic modeling, and
seismic-attribute analysis.

Dr. Nicola Tisato, EDGER Investigator

Nicola Tisato is an assistant professor in the Department of Geological Sciences who focuses on
low-frequency measurements of seismic attenuation and investigating an attenuation mechanism
due to bubble exsolution and dissolution. His additional interests include computation of effective
elastic properties of digital images without the use of segmentation approaches.

Thomas E. Hess

Mr. Hess provides crucial technical support for the EDGER Forum’s research efforts as Seismic
Applications Software Manager. He oversees seismic data sets from our sponsors and supports
graduate students, faculty and researchers for the Exploration Geophysics program in the Dept. of
Geological Sciences as well as for the UT Institute for Geophysics.

Current EDGER Graduate Students:

Anthony Barone, Advisor: Sen, Ent. Fall 2014, PhD
Reetam Biswas, Advisor: Sen. Ent. Fall 2014, PhD
Ricardo De Braganca, Advisor: Sen, Ent. Fall 2018, PhD
Eric Goldfarb, Advisor: Tisato, Ent. Fall 2016, PhD

Ken lkeda, Advisor: Tisato, Ent. Fall 2016, PhD

Xin Liu, Advisor: Sen, Ent. Fall 2018, PhD

Michael McCann, Advisor: Spikes/Tisato, Ent. Fall 2017, MS
Son Phan, Advisor: Sen, Ent. Spring 2018, PhD

David Tang, Advisor: Spikes, Ent. Fall 2014, PhD
Jackson Tomski, Advisor: Sen, Ent. Fall 2018, MS
Janaki Vamaraju, Advisor: Sen, Ent. Fall 2016, PhD
Wei Xie, Advisor: Spikes, Ent. Fall 2017, PhD
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EDUCATION

A principal objective of the EDGER Forum is the education of students who have expressed interest in
employment in the petroleum industry. Our students commonly serve summer internships in the industry.
The current enrollment of graduate students associated with the Forum is 9. Four (2 MS and 2 PhD)
graduated in the last calendar year. Since 2000, nearly 40 graduate students have completed.

FORUM

One of the major benefits of participation is, perhaps, “community activities” sponsored by the Forum.
Symposia and workshops have provided a platform for exchange of ideas between industry members
(contractors, equipment manufacturers and producers), academics and the graduate students. Discussions
of research directions by industry and academic participants have led to student and faculty research
projects. The EDGER Forum is in an excellent position to facilitate communication between the various
elements to encourage participation within the exploration and development geophysics community.
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Contact Information

e General inquiries: email, edger@jsg.utexas.edu

e Mrinal Sen, tel: (512) 471-0466, email: mrinal@utexas.edu

o Kyle Spikes, tel: (512) 471-7471, email: kyle.spikes@jsg.utexas.edu

o Nicola Tisato, tel: (512) 232-7149, email: nicola.tisato@jsg.utexas.edu



