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Fracture Research and Application Consortium (FRAC) 
The University of Texas at Austin 

http://www.beg.utexas.edu/frac 

Prospectus 2014 
The Fracture Research and Application Consortium (FRAC) engages in fundamental and applied 
research toward the successful characterization, prediction, and simulation of naturally and 
artificially fractured reservoirs. We take a combined approach that integrates structural geology 
and diagenesis with reservoir engineering and geomechanical modeling. This combination leads 
to fundamental understanding of fractures and fracture processes in fractured reservoirs of all 
types at a range of scales. Our goal is improved prediction of the geometry, spatial distribution, 
and hydraulic properties of faults and fractures at all scales and their influence on drilling and 
completions, fluid migration, production and injection.   

Fractures and faults have worldwide importance because of their influence on successful 
extraction of resources as well as their effects in aquifers and their potential contribution towards 
CO2 sequestration. Many faults and fractures are difficult or impossible to characterize 
adequately using currently available technology. Consequently, reservoirs that contain fractures 
have been intractable to describe and interpret effectively, posing serious challenges for 
exploration, development, and accurate reservoir simulation and reservoir management. More 
accurate prediction and characterization of fractures holds great potential for improving 
production by increasing the success and efficiency of exploration and recovery processes.  

Our recent focus has been on unconventional and deep sandstone reservoirs, mudstone 
systems, and carbonate rocks. In parallel with these studies, we seek to develop practical tools 
that can be deployed in petroleum exploration and development. To those ends we test methods 
on industry data sets, on timetables set by typical industrial operations. And we rigorously 
evaluate the quality, timeliness, and economic value of our results.  

Teamwork and integration of results from many disciplines is essential to the success of this 
endeavor. The consortium is based on an alliance between scientists and engineers at the 
Bureau of Economic Geology and the departments of Petroleum & Geosystems Engineering 
(PGE) and of Geosciences at UT Austin.  Personnel include professional researchers, faculty, 
post-doctoral associates and graduate students bringing unique and complementary approaches 
to earth resource problems.  

Scope of the Project 
The scope of this project includes measurement, interpretation, prediction, and simulation of 
natural and induced fractures. The project 

 creates and tests new methods of measuring attributes of reservoir-scale fractures, 
particularly as fluid conduits and barriers;  

 examines hydraulic fracture propagation from vertical and horizontal wells in naturally 
fractured reservoirs from experimental and numerical modeling perspectives;  

 extrapolates structural attributes to the reservoir scale through rigorous mathematical 
techniques and help build accurate and useful 3-D models for the interwell region and 
develops procedures to do so;  

 develops the capability to accurately predict reservoir-scale deformation using 
geomechanical, structural, diagenetic, and linked geomechanical/diagenetic models;  

 quantifies the multi-phase flow properties of natural fractures on the pore- to fracture-
scale through 2D and 3D imaging and numerical simulations; 
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 improves the usefulness of seismic response as an indicator of reservoir-scale structure 
by developing seismic methods and providing methods of calibrating and validating 
seismic fracture detection methods;  

 designs new ways to incorporate geological and geophysical information into reservoir 
simulation and verify the accuracy of the simulation; and  

 assesses top- and fault seal failure mechanisms in chemically reactive systems through 
integrated field structural and rock fracture mechanics investigations. 

The aims of this project are both fundamental and practical—to improve prediction and diagnosis 
of natural-fracture attributes in hydrocarbon reservoirs, accurately simulate their influence on 
production, and assess fractured reservoir response to stimulation operations (such as hydraulic 
fracturing). New analytical methods lead to more realistic characterization of fractured and faulted 
reservoir rocks. These methods produce data that can enhance well-test and seismic 
interpretations and that can readily be used in reservoir simulators. 

Testing diagnostic and predictive approaches is an integral part of the research. Our requirement 
is that new methods must ultimately be cost effective. Testing of diagnostic and predictive 
approaches developed from outcrop, core, and well-test studies is generally carried out in areas 
of interest to member companies. 

Our results are applicable to many types of fractured and faulted rocks. Ongoing studies include 
work on shales, sandstones, and carbonate rocks in both the subsurface and in outcrop. 

Research Staff 
Our research team comprises staff of the Bureau of Economic Geology (BEG), and the 
Departments of Petroleum & Geosystems Engineering (PGE) and Geological Sciences (DGS), 
The University of Texas at Austin. This group of petroleum engineers, geophysicists, and 
geologists applies a wide range of techniques, including geomechanical modeling, rock property 
testing, quantitative structural geology, microstructural and structural diagenetic analysis, fluid-
flow simulation, and geophysical modeling.  

Dr. Stephen E. Laubach (BEG), Structure and diagenesis 
Dr. Jon E. Olson (PGE), Petroleum engineering, geomechanical modeling, hydraulic fracturing, 
structural geology 
Dr. Peter Eichhubl (BEG), Brittle deformation and diagenesis  
Dr. Julia F. W. Gale (BEG), Structural geology; shale systems 
Dr. Randy Marrett (DGS), Quantitative analysis, structural geology 
Dr. Jon Holder (PGE), Rock property testing, rock physics 
Dr. Andras Fall (BEG), Fluid inclusion analysis 
Dr. Estibalitz Ukar (BEG), Structural geology; fracture petrology 
Dr. Sergey Fomel (BEG, DGS), Geophysics 
Dr. Alexander Klokov (BEG, DGS), Geophysics 
Dr. Maša Prodanović (PGE), Petroleum engineering, pore-scale flow 
Sara Elliott (BEG), SEM imaging 
 
Collaborators 
Dr. Rob Lander and Dr. Linda Bonnell, Geocosm, quantitative diagenetic modeling of fracture 
development  

Students  
Graduate student training is an integral part of the consortium program. Graduate students obtain 
degrees in Petroleum & Geosystems Engineering, Geological Sciences, and the Energy & Earth 
Resources cross-disciplinary engineering/economics program. Undergraduate students from 
these departments also participate in the program.  
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Key Accomplishments during 2013 
 Demonstrated multi-hydraulic fracture propagation simulation approach for horizontal 

wells; 
 Performed scaled hydraulic fracture experiments for naturally fractured reservoirs 

illustrating key factors controlling hydraulic fracture – natural fracture intersection 
complexity; 

 Demonstrated that natural fractures in Piceance Basin tight-gas reservoirs formed by 
natural hydraulic fracturing in response to gas generation in adjacent shales and coals 
under high abnormal pore fluid pressure. Fracture growth in these reservoirs is thermally 
activated; 

 Quantified the effect of partial fracture cementation on residual gas saturation using 3D 
fracture imaging and numerical imbibition/drainage experiments; tortuosity of mineral-
lined fractures is comparable to that of porous clastic reservoir rocks; 

 Installed an experimental fracture diagenesis laboratory consisting of 6 cold-seal 
pressure vessels, allowing experiments on fracture cementation at conditions up to 
800°C and 300 MPa using a wide range of pore fluids and host minerals; 

 Contrasted fracture structural and diagenetic attributes in two unconventional reservoir 
sandstones of different age/depth under comparable structural conditions (Nikanassin & 
Cardium sandstones, Alberta); 

 Established a rule-based workflow for reconstruction of fracture network evolution using 
kinematic, dynamic, and diagenetic criteria; 

 Integrated findings of fracture studies in shales into a major review paper; 
 Used fluid inclusions and stable isotopes in fracture cements from Marcellus and Barnett 

Shale (Fort Worth Basin) outcrops and cores to tie fracture formation to burial histories 
for the Basins in question, and demonstrate that fractures develop at several different 
stages during burial due to different mechanisms.  

 Continued development of the normalized correlation count method for studying spatial 
organization of fractures with particular application in horizontal image logs, outcrops, 
and analysis of horizontal drilling data – a beta version of the software is now available; 

 Performed poroelastic modeling of natural fracture propagation to demonstrate influence 
of permeability on fracture propagation timescale and to explain difference in fracture 
pattern geometry between shales and sandstones. 

 Showed that fracture growth at temperature ranges associated with copious natural 
cement accumulation leads to power-law aperture-size scaling whereas fractures formed 
under cool conditions or in rocks resistant to cement accumulation follow a characteristic 
(exponential or log-normal) aperture scaling. Our findings suggest burial history analysis 
needs to be a component of the workflow leading to statistical population of reservoir 
models (DFN). 
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Current and Planned Research: Subsurface Fractures 
Each year we combine industry input with our own ongoing research plans to develop a set of key 
engineering and geological research topics. The research outline and time table is discussed at 
the Annual Research Meeting, but member input is welcome at any time.  

Fractures and Hydraulic Fracturing in Unconventional Reservoirs:  Tight-
Oil and Shale Gas 
In recent years we have had an extensive program examining fractures in shales. Our program 
continues to seek unifying principles that govern the development and properties of fractures in 
shale plays with the aim of improving systematic fracture prediction and characterization. During 
2013 we integrated our research on 18 different shales with literature studies of other shales into 
a synthesis report on “Natural Fractures 
in Shales”. We currently emphasize the 
following issues: 

1) What are the origins and attributes of 
natural fracture systems in shales? 

2) How can we predict fracture spatial 
organization? Can useful information be 
obtained from drilling data? 

3) What is the significance of bed-parallel 
and barren (mineral free) fractures in 
shale systems? 

4)  How do hydraulic fracture treatments 
interact with natural fractures, bedding 
planes, and laminated mechanical property contrasts varying from brittle to ductile behavior? 

Seismic Methods for Characterizing Reservoir Potential in Deep, Low 
Permeability Rocks  
In collaboration with Sergey Fomel, this project develops and employs novel seismic diffraction 
techniques to image fault and fracture systems that are below seismic resolution using 
conventional seismic techniques. We are currently in the process of field-testing the diffraction 
response observed in a 3D seismic dataset against fracture scaling results obtained from core 
observations, in combination with numerical geomechanical models.  

Predicting Fracture Porosity Evolution: Chemical-Mechanical Feedback 
The goal of this research is to develop an 
understanding of how fracture growth and 
diagenetic alteration interact to systematically 
create and destroy fracture porosity. Our initial 
objective is a key link between mechanical 
and chemical processes in opening fractures. 
Focusing on sandstone systems, but 
investigation processes that have wider 
applicability, we are developing a new theory 
of quartz cementation that postulates that the 
rate-limiting step for accumulation is the 
precipitation step, with supply and transport 
being of secondary importance.  

For 2014, we will initiate a multi-year program 
in fracture cement growth experiments to be 

Split-tube furnaces in the 
newly established FRAC 
Experimental Fracture 
Diagenesis Laboratory. 
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conducted at the newly installed Experimental Fracture Diagenesis Laboratory at the BEG to 
simulate coupled fracture and cementation processes in TGS and shale gas reservoirs. 
Experiments will be conducted to investigate rates and mechanisms of fracture cement growth in 
a range of growth substrates with varying fluid composition over a range of temperatures and 
pressures mimicking subsurface conditions. Higher temperatures will be used to allow mineral 
growth at laboratory time scales. Initial experiments will evaluate effects of substrate 
crystallographic orientation on overgrowth precipitation rate, and differences in growth rate 
between euhedral and non-euhedral mineral growth.   

Pore-Scale Fracture Porosity Imaging and Multi-phase Flow Physics 
A systematic research efforts applies pore- and fracture-scale 2D and 3D imaging to model 
single- and multi-phase flow in partially cemented fractures. We apply micro-CT and SEM 
imaging to obtain high-resolution visualizations of the pore network in partially cemented 
fractures. Single- and multiphase flow physics is evaluated using level set techniques and Lattice 
Boltzmann modeling. These techniques will be applied in 2014 to a suite of samples from a wide 
range of unconventional shale and sandstone oil and gas reservoirs. 
 
A.      B. 

 
A: Volume rendering of a CT scan across a partially cemented fracture (right side of image) in 
Torridonian Sandstone. B. 3D rendering of fracture porosity in partially cemented fracture shown 
in A. Blue areas indicate calculated irreducible gas saturation during imbibition. Field of view 
approximately 2 mm. 
 

Trap to basin-scale integrated 
unconventional reservoir analysis 
The project is a multidisciplinary research 
effort in analysis of fracture patterns at the 
trap to basin scale. The study will use 
outcrop and subsurface data from both 
siliciclastic and carbonate systems to gain a 
basin-wide understanding of fracture 
processes across multiple productive 
stratigraphic horizons, in different structural 
positions, and different depositional and 
lithologic settings. The Western Alberta 
Basin and Rocky Mountain Foothills allow 
such integrated studies, taking advantage of 
the similarity of fracture distribution and 
fracture diagenetic attributes in outcrop and 
core.  

Participants of the 2013 FRAC field trip to 
folded and fractured Cardium exposures at 
Ram Falls, Alberta. 
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Among the issues to be addressed:   

 Fracture intensity patterns on and off structure.  

 Fracture style, intensity, and porosity preservation variation with structural position and 
burial history. 

 Fracture intensity and fracture spatial arrangements at scales ranging from thin section to 
trap scale. 

Core-based Fracture Characterization:  Surrogate Methods  
This research aims to provide 
methods to acquire site-
specific fracture information at 
user-specified levels of 
completeness and to yield 
results even without 
measuring elusive, difficult-to-
sample large fractures, an 
approach we pioneered 
(Laubach, 1997; Marrett and 
others, 1999; Gale, 2002; 
Laubach, 2003).  

We continue to investigate 
surrogate methods to obtain 
accurate, site-specific 
information on fracture 
intensity, spatial distribution, 
and fracture porosity 
preservation. Our automated 
SEM-based system for 
collection of microstructural data has allowed us to collect large, statistically meaningful datasets 
to test and improve these methods.  

Fracture-Charge History Mapping  
This effort correlates the timing and spatial distribution of fracture opening with hydrocarbon 
migration and charge on a reservoir to basin scale. This core and outcrop-based approach 
employs detailed fluid inclusion compositional analyses and thermometry of fracture cements with 
microstructural fracture opening reconstructions and basin modeling in an effort to date the timing 
of fracture opening and to reconstruct the fluid compositional evolution of the reservoir. We are in 
the process of applying these techniques on the reservoir to basin scale to 

 • map out areas and stratigraphic intervals of high fracture opening strain; 

 • constrain the timing of fracture opening relative to the hydrocarbon maturation and 
   porosity evolution of the matrix; 

 • assess spatial variations in saturation state within the reservoir. 

Fracture-charge history maps are designed to aid in the development of tight-gas resource plays. 
In 2013, we completed our efforts in the Piceance basin of Colorado (Fall et al. report September 
2013). This project continues in the East Texas basin, and the Canadian Rocky Mountain fold 
and thrust belt and in collaboration with members in other areas.  
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Top- and fault seal failure mechanisms under chemically reactive 
conditions  
Faults may act as reservoir seals and preferred flow conduits depending on several parameters, 
including fault rock properties and their spatial distribution within a fault zone, loading conditions, 
and slip history. Current research investigates leakage of CO2-rich and geothermal aqueous 
fluids across fault- and top seals in surface-exposed active and fossil systems in eastern Utah 
and NW Nevada. Field structural and diagenetic studies are combined with fracture mechanics 
laboratory testing of subcritical fracture growth at UT and Sandia National Labs, and various 
geochemical analytical investigations. Other aspects include pore-scale models of CO2 flow in 
carbonate cemented sandstone, and field-scale numerical models of flow-fault interactions. 

Geomechanical Modeling of Natural Fracture Permeability Evolution 
Direct characterization of natural fracture network attributes such as length, spacing, aperture, 
orientation and intensity in most 
reservoirs is difficult. The problem 
stems mostly from the low probability of 
intersecting vertical fractures with 
vertical wellbores. Even if fractures do 
intersect the wellbore they are rarely 
abundant enough to give a good 
representation of fracture geometry.  

Our JOINTS geomechanical model is 
part of our effort pursuing indirect, 
physics-based fracture characterization.  
We are developing fully 3d and 
poroelastic models to expand our 
approach to more answer more 
questions such as the impact of fault 
slip on fracture pattern development 
and the influence of permeability on fracture spacing.   

A key element of this approach is to integrate geologic observations with physics-based 
numerical modeling in an overall structural diagenesis framework, ultimately providing 
quantitative permeability predictions. We constrain the numerical work with geologic 
observations. Variations in subcritical parameters exert a fundamental control on fracture pattern 
geometry. For a given strain event, the subcritical index can control the amount of clustering of 
the fracture spacing as well as the ultimate fracture intensity.  

Complex Hydraulic Fracture 
Development Modeling 
Building on the numerical fracture methods utilized 
for our JOINTS natural fracture pattern prediction 
model, we have an active effort in hydraulic fracture 
propagation modeling.  The unique aspect of our 
approach has been the philosophy that multiple, 
non-planar fracture propagation is the starting point 
for addressing horizontal well and naturally fractured 
reservoir completion problems. 

We have been successful in developing highly 
efficient numerical techniques that can be applied 
using present day desktop computing capability.  
We are also working on reference solutions that are 
more computationally intensive to evaluate the 
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accuracy or our more practical, simplified models.  

 

Scaled Hydraulic Fracture Models 
and Fracture Mechanics Testing 
Given the fact that no numerical model can 
completed incorporate all the physics 
necessary for some of the most complex 
fracture problems, and the best field 
diagnostics cannot fully describe the existing 
and/or stimulated fracture network in the 
subsurface, we have developed a program for 
running scaled laboratory experiments to 
examine fracture interaction mechanics, the 
importance of bedding laminations and 
brittle/ductile contrasts. These physics are 
particularly important in shale-gas and tight-oil, 

but can be applied across a wide range of unconventional oil and gas development.   

Leveraged Research 
The Fracture Research and Application Consortium leverages industry support through grants 
from Federal and State funding sources. Currently, the U.S. Department of Energy supports our 
efforts on understanding the evolution of fracture systems. These studies will continue during 
2013. Our research has also been supported by a major initiative grant from the Geology 
Foundation, John A. and Katherine G. Jackson School of Geosciences. We also have a new 
RPSEA grant for 2013-14 to study seismicity and fluid injection in shale gas basins. 

Participation and Technology Transfer 
Membership 
Companies participate in this Industrial Associates program through an annual subscription. 
Research results are shared equally among supporting companies at annual review meetings 
and through our private web site. New members are welcome to join at any time.  

Website 
Our private Website is an important part of our information transfer strategy. The private side of 
the project Website is extensive and frequently updated. http://www.beg.utexas.edu/frac/ 

Mentoring and Case Studies 
Interaction with the technical staff of our sponsoring companies allows us to test our concepts 
and methods on real problems while assisting sponsors in developing new reserves. Sponsors 
are encouraged to contact us with projects that could be mutually beneficial. 

Meetings and Workshops 
The annual Research Meeting is generally held sometime between late spring and early fall and 
typically has an associated field trip. The 2014 meeting is being planned for Houston, with a field 
trip to central Utah. Periodically we also hold an Applications Workshop which involves teaching 
of fundamental aspects of fractured reservoirs, methods, software, practical exercises using case 
study data, etc. In addition, we can meet individually with Members either in Austin or at Members 
offices to discuss or review case studies or to provide background briefings or training for staff. 

During the year there are various other single-issue technical meetings scheduled in Austin or 
Houston that Members are welcome to attend. These meetings are announced on the private 
web site. 
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Selected FRAC Papers 
Testing the basin-centered gas accumulation model using fluid inclusion observations: southern 
Piceance Basin, Colorado: Fall, A., Eichhubl, P., Cumella, S. P., Bodnar, R. J., Laubach, S. E., Becker, S. 
P., 2012, AAPG Bulletin, 96, 2297-2318. 
A 48 m.y. history of fracture opening, temperature, and fluid pressure: Cretaceous Travis Peak 
Formation, East Texas basin:  Becker, S. P., Eichhubl, P., Laubach, S. E., Reed, R. M., Lander, R. H., & 
Bodnar, R. J., 2010, Geological Society of America Bulletin, 122, 7/8, 1081-1093. 
Quantifying diagenetic and stratigraphic controls on fracture intensity in platform carbonates. 
Ortega, O. J., Gale, J. F. W., & Marrett, R. A., 2010, Journal of Structural Geology, v. 32, p. 1943–1959. 
Modeling fracture porosity evolution in dolostones:  Gale, J. F. W., Lander, R., Reed, R. M., & Laubach, 
S. E., 2010, Journal of Structural Geology, 32, 1201–1211.  
Natural fracture characterization in tight gas sandstones: Integrating mechanics and diagenesis:  
Olson, J. E, Laubach, S. E., and Lander, R. H., 2009, AAPG Bulletin, v. 93, no. 11, p. 1535-1549. 
Mechanical and fracture stratigraphy:  Laubach, S. E., Olson, J. E, & Gross, M. R., 2009, AAPG Bulletin, 
93/11, 1413-1426. 
Structural and diagenetic control of fluid migration and cementation along the Moab Fault, Utah:  
Eichhubl, P., Davatzes, N.C., Becker, S.P., 2009, AAPG Bulletin, v. 93, no. 5, p. 653-681. 
Aperture-size scaling variations in a low-strain opening-mode fracture set, Cozzette Sandstone, 
Colorado:  Hooker, J.N., Gale, J.F.W., Gomez, L.A., Laubach, S.E., Marrett, R., Reed, R.M., 2009, Journal 
of Structural Geology, 31, 707-718. 
Late opening-mode fractures in karst-brecciated dolostones of the Lower Ordovician Ellenburger 
Group, West Texas: recognition, characterization, and implications for fluid flow:  Gale, J. F. W., & 
Gomez, L. A., 2007, AAPG Bulletin, 91, 1005–1023. 
Natural fractures in the Barnett Shale and their importance for hydraulic fracture treatments:  Gale, J. 
F. W., Reed, R. M., & Holder, J., 2007, AAPG Bulletin, 91/4, 603–622. 
Obtaining fracture information for low-permeability (tight) gas sandstones from sidewall cores:  
Laubach, S. E., and Gale, J. F. W., 2006, Journal of Petroleum Geology, 29/2, 147–158. 
Modeling coupled fracture-matrix flow in geomechanically simulated fracture networks:  Philip, Z.G., 
Jennings, J.W., Olson, J.E., Laubach, S.E., & Holder, J., 2005, SPE Reservoir Evaluation & Engineering, 
8/4, 300-309. 
Are open fractures necessarily aligned with maximum horizontal stress? :  Laubach, S. E., Olson, J. 
E., & Gale, J. F. W. 2004, Earth & Planetary Science Letters, 222/1, 191-195. 
Coevolution of crack-seal texture and fracture porosity in sedimentary rocks: cathodoluminescence 
observations of regional fractures: Laubach, S. E., Reed, R. M., Olson, J. E., Lander, R. H., & Bonnell, L. 
M., 2004, Journal of Structural Geology, 26/5, 967-982. 
Sublinear scaling of fracture aperture versus length: an exception or the rule? Olson, J.E., 2003, 
Journal of Geophysical Research 108/B9, 2413.  
Practical approaches to identifying sealed and open fractures: Laubach, S.E., 2003, AAPG Bulletin, 
87/4, 561-579. 
Specifying lengths of horizontal wells in fractured reservoirs: Gale, J.F.W., 2002, SPE Reservoir 
Evaluation and Engineering, 5/3, 266-272. 
Experimental determination of subcritical crack growth parameters in sedimentary rock: Holder, J., 
Olson, J.E., & Philip, Z., 2001, Geophysical Research Letters, 28/4, 599-602. 
Power-law scaling of natural fractures in rock: Marrett, R., Ortega, O.O., and Kelsey, C., 1999, Geology, 
27, 799- 802.  
Aggregate properties of fracture populations: Marrett, R., 1996, Journal of Structural Geology, 18, 169-
178.  

Members 
Current FRAC membership is listed on the web site: http://www.beg.utexas.edu/frac/sponsors.php 

Contact Information 
Steve Laubach — Phone: (512) 471-6303 or (512) 471-1534 (BEG Operator) 
E-mail: steve.laubach@beg.utexas.edu  

Julia Gale — Phone: (512) 232-7957 or (512) 471-1534 (BEG Operator) 
E-mail: julia.gale@beg.utexas.edu  
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Jon Olson — Phone: (512) 471-7375 (Department of Petroleum and Geosystems Engineering) 
E-mail: jolson@mail.utexas.edu  

Peter Eichhubl — Phone: (512) 475 8829 or (512) 471-1534 (BEG Operator) 
E-mail: peter.eichhubl@beg.utexas.edu  

Eric Potter — Phone: (512) 471-7090 (Bureau of Economic Geology) 
E-mail: eric.potter@beg.utexas.edu 


