Research Partnership to Secure Energy for America (RPSEA)
Unconventional onshore program

Petrophysical studies of unconventional gas reservoirs using high-resolution rock imaging

07122-22

Dmitriy Silin (DSilin@lbl.gov), 

Liviu Tomutsa (LTomutsa@lbl.gov),

Lawrence Berkeley National Laboratory

Earth Sciences Division

1 Cyclotron Rd., MS 90-1116 

Berkeley, CA 94720

Tel. 510-486-6455

Fax 510-486-5686
Technology Status Assessment
The absolute permeability of rock in an unconventional gas reservoir typically ranges from a fraction of a millidarcy to microdarcies.  The published studies of tight gas formation flow properties are sparse, but they include a few reports on laboratory experiments (Newsham and Rushing 2000, 2001, 2002, Comisky et al. 2007).  Ward and Morrow (1987) have reported two-phase flow laboratory measurements on samples of Mesaverde tight sandstone.  Tang et al (2005) reported Lattice-Boltzmann flow simulations where they accounted for Klinkenberg effect (Klinkenberg, 1941) to verify Ergun and Kozeny-Carman porosity-permeability relationships.  Barenblatt (2004) has performed basic theoretical analysis of the impact of retrograde condensate precipitation on gas flow.  

Our goals

The project focuses on gaining more insights into single and two-phase flow properties of shale and tight gas formations by employing nanometer to micrometer-scale resolution 3D imaging of the rock (Tomutsa et al., 2007) in combination with the recently developed pore-space analysis techniques (Silin and Patzek, 2006).  Although this approach is in active development, our experience has shown that it is capable to predict capillary pressure and relative permeability curves with high confidence.  Micro-scale numerical simulations will never entirely displace laboratory or field data: their verification is based on these data.  However, micro and nano-scale computer tomography images and calculations will help to plan and evaluate the expensive experiments, and play different what-if scenarios mimicking in-situ conditions, just as reservoir simulations help to develop oil production.  A two-phase flow experiment involving tight sands requires weeks (Ward and Morrow 1987), special laboratory equipment and highly-trained laboratory personnel.  Computer simulations, once appropriately set up and verified, can generate capillary pressure or relative permeability curves on a laptop, releasing precious time of the engineers and technicians for other tasks.

High-resolution computer tomography of reservoir rocks.

Field-scale oil and gas recovery processes are the result of countless events happening in individual pores.  The extremely small typical pore sizes in unconventional gas reservoirs impose very high requirements on imaging resolution.  In the last decade, X-ray microtomography has been used extensively for direct visualization of the pore system and the fluids within the sandstone (Jasti et al. 1993; Auzerais et al. 1996, Coles et al. 1998; Wildenschild et al. 2003; Seright et al. 2003).  With modern machinery, this approach is fast and nondestructive.  However, its applicability is limited mostly to micron resolutions.  The advent of Focused Ion Beam (FIB) technology has made it possible to reconstruct submicron 3D pore systems for diatomite and chalk (Tomutsa and Radmilovic 2003, Tomutsa et al, 2007).  FIB technology is used in microelectronics to access individual components with nanoscale accuracy for design verification, failure analysis, and circuit modification (Orloff et al. 2002).  In earth sciences, FIB also has been used for sample preparation for SEM and to access inner regions for performing microanalysis (Heaney et al. 2001).  To access the pore structure at submicron scale, FIB mills successive layers of the rock material as thin as 10 nm.  As successive 2D surfaces are exposed, they are imaged with either the electron or the ion beam.  After processing, the images are stacked to reconstruct the 3D pore structure.  The geometry of the pore space of the obtained structure can be analyzed further to estimate petrophysical rock properties through computer simulations.  To analyze the 3D chalk images obtained by the FIB method, we applied the Maximal Inscribed Spheres (MIS) technique (Hazlett 1995; Silin et al. 2003, 2004; Silin and Patzek 2006).  
Pore-scale models of fluid flow
Flow properties of natural rocks or other porous media are eventually determined by the structure of the pore space.  Core experiments are the main laboratory tool for studying these properties for scientific and practical applications.  Recent progress in imaging and the growth of computing power make evaluation of rock properties from computer simulations a valuable complement to traditional laboratory studies.  Simulations of flow on 3D images of the pore space provide valuable insights into the fundamental physics of Darcy flow.  The MIS method analyzes the 3D pore-space image directly, without construction of pore networks.  It bypasses the nontrivial task of extracting a simple but representative network of pore throats linking pore bodies from the 3D data.  Although a pore-network-based flow-modeling approach enjoyed a significant interest from the researchers over past 50 years and resulted in theoretically and practically sound conclusions (Fatt 1956abc, Øren et al. 1998; Xu et al. 1999; Patzek 2001; Blunt 2001), we believe that direct pore-space analysis deserves more attention.  The major computational advantage of pore network modeling is the simplified approach to flow equations: exact solutions to Navier-Stokes equations are replaced with simplified rules describing the conductivity of each flow channel.  However, the problem of generating a network reflecting specific properties of a given porous medium still remains a tremendous challenge, and no universal routine solution is available.  Alternatively, simulation of the flow directly on a 3D image of the pore space bypasses the challenges associated with extraction of a network (Silin et al 2008).  
Lawrence Berkeley National Laboratory: facilities and expertise

The Advanced Light Source (ALS), a division of Lawrence Berkeley National Laboratory (LBNL), is a national user facility that generates intense light for scientific and technological research.  As one of the world's brightest sources of ultraviolet and soft X-ray beams, and the world's number one in its energy range third-generation synchrotron light source, the ALS makes previously unthinkable studies possible.

The National Center for Electron Microscopy (NCEM) is one of the world’s foremost centers for electron microscopy and microcharacterization.  NCEM features several unique instruments, complemented by strong expertise in computer image simulation and analysis.  

LBNL is the home of FIB, a new technique, which makes possible 3D imaging of the pore space of rocks at submicron scale resolution using NCEM facility.  MIS method also has been developed at LBNL, and it finds new applications.  LBNL researches have expertise in running core experiments in a wide range of scales, both in laboratory and reservoir conditions.
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