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Abstract

Microscopic pore structure characteristics of oil and gas reservoirs (e.g., sandstones, carbonates, and mudrocks) — pore shape, pore-size
distribution, and pore connectivity — control fluid flow and hydrocarbon movement. Focusing on effective porosity, the portion of connected
pore space as conductive pathways to participate in flow and movement (@, / @ , as an indicator of macroscopic connectivity), this presentation
discusses various approaches to quantifying effective porosity for a range of oil and gas reservoirs. The approaches include pycnometry (liquid
and gas), pore and bulk volume measurement after vacuum saturation, porosimetry (mercury injection capillary pressure, low-pressure gas
physisorption isotherm, water vapor adsorption/desorption isotherm, nuclear magnetic resonance cyroporometry), imaging (X-ray computed
tomography, Wood’s metal impregnation, field emission-scanning electron microscopy), scattering (ultra- and small-angle neutron, small-angle
X-ray), and the utility of both hydrophilic and hydrophobic fluids as well as fluid invasion tests (imbibition, diffusion, vacuum saturation)
followed by laser ablation-inductively coupled plasma-mass spectrometry imaging of different nm-sized tracers. Our results indicate disparate
characteristics and range of effective porosity, with a single-zone behavior and a value of connectivity at approximately 70% for sandstones, as
compared to dual-connectivity zones at 70% and 0.01% for mudrocks.

Selected References

David, C., J. Wassermann, F. Amann, D.A. Lockner, E.H. Rutter, T. Vanorio, A. Amann-Hildenbrand, J. Billiotte, T. Reuschlé, D. Lasseux, J.
Fortin, R. Lenormand, A.P.S. Selvadurai, P.G. Meredith, J. Browning, T.M. Mitchell, D. Loggia, F. Nono, J. Sarout, L. Esteban, C. Davy, L.
Louis, G. Boitnott, C. Madonna, E. Jahns, M. Fleury, G. Berthe, P. Delage, P. Braun, D. Grégoire, L. Perrier, P. Polito, Y. Jannot, A. Sommier,
B. Krooss, R. Fink, Q. Hu, J. Klaver, and A. Clark, 2018, KG?B, A Collaborative Benchmarking Exercise for Estimating the Permeability of
the Grimsel Granodiorite — Part 1: Measurements, Pressure Dependence, and Pore-Fluid Effects: Geophysical Journal International, v. 215/2,
p. 799-824. doi.org/10.1093/gji/ggy304

David, C., J. Wassermann, F. Amann, J. Klaver, C. Davy, J. Sarout, L. Esteban, E.H. Rutter, Q. Hu, L. Louis, P. Delage, D.A. Lockner, A.P.S.
Selvadurai, T. Vanorio, A. Amann-Hildenbrand, P.G. Meredith, J. Browning, T.M. Mitchell, C. Madonna, J. Billiotte, T. Reuschlé, D. Lasseux,


mailto:maxhu@uta.edu

J. Fortin, R. Lenormand, D. Loggia, F. Nono, G. Boitnott, E. Jahns, M. Fleury, G. Berthe, P. Braun, D. Grégoire, L. Perrier, P. Polito, Y.
Jannot, A. Sommier, B. Krooss, R. Fink, and A. Clark; KG?B, A Collaborative Benchmarking Exercise for Estimating the Permeability of the
Grimsel Granodiorite - Part 2: Modelling, Microstructures, and Complementary Data: Geophysical Journal International, v. 215,/2, p. 825-
843. doi.org/10.1093/gji/ggy305

Gao, Z.Y., and Q.H. Hu, 2018, Pore Structure and Spontaneous Imbibition of Marine and Continental Shales in China: American Association
of Petroleum Geologist Bulletin, v. 102/10, p. 1941-1961.

Gao, Z.Y., and Q.H. Hu, 2016, Wettability of Mississippian Barnett Samples at Different Depths: Investigations from Directional Spontaneous
Imbibition: American Association of Petroleum Geologist Bulletin, v. 100/1, p. 101-114.

Gao, Z.Y., and Q.H. Hu, 2013, Estimating Permeability Using Median Pore-Throat Radius Obtained from Mercury Intrusion Porosimetry:
Journal of Geophysics and Engineering, v. 10, p. 025014.

Hager, J., 1998, Steam Drying of Porous Media: Ph.D. Thesis, Department of Chemical Engineering, Lund University, Sweden.

Hu, Q.H., T.J. Kneafsey, J.S.Y. Wang, L. Tomutsa, and J.J. Roberts, 2004, Characterizing Unsaturated Diffusion in Porous Tuff Gravels:
Vadose Zone Journal, v. 3/4, p. 1425-1438.

Hu, Q.H., R.P. Ewing, and S. Dultz, 2012, Pore Connectivity in Natural Rock: Journal of Contaminant Hydrology, v. 133, p. 76-83.

Hu, Q.H., and X.L. Mao, 2012, Applications of Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry in Studying Chemical
Diffusion, Sorption, and Transport in Natural Rock: Geochemical Journal, v. 46/5, p. 459-475.

Hu, Q.H., R.P. Ewing, and H.D. Rowe, 2015, Low Nanopore Connectivity Limits Gas Production in Barnett Formation: Journal of
Geophysical Research — Solid Earth, v. 120/12, p. 8073-8087.

Hu, Q.H., H. Liu, R. Yang, Y.X. Zhang, G. Kibria, S. Sahi, N. Alatrash, F.M. MacDonnell, and W. Chen, 2017, Applying Molecular and
Nanoparticle Tracers to Study Wettability and Connectivity of Longmaxi Formation in Southern China: Journal of Nanoscience and
Nanotechnology, v. 17, p. 6284-6295.

Hu, Q.H., Y.X. Zhang, X.H. Meng, Z. Li, Z.H. Xie, and M.W. Li, 2017, Characterization of Multiple Micro-Nano Pore Networks in Shale Oil
Reservoirs of Paleogene Shahejie Formation in Dongying Sag of Bohai Bay Basin, East China: Petroleum Exploration and Development, v.
44/5, p. 720-730.

Hu, Q.H., W. Zhou, P. Huggins, and W.L. Chen, 2018, Pore Structure and Fluid Uptake of the Goddard Shale Formation in Southeastern
Oklahoma, USA: Geofluids, Article ID 5381735.



Katz, A.J., and A.H. Thompson, 1986, Quantitative Prediction of Permeability in Porous Rock: Physical Review B, v. 34, p. 8179-8181.

Katz, A.J., and A.H. Thompson, 1987, Prediction of Rock Electrical Conductivity from Mercury Injection Measurements: Journal of
Geophysical Research, v. 92/B1, p. 599-607.

Kaufmann, J., 2010, Pore Space Analysis of Cement-Based Materials by Combined Nitrogen Sorption - Wood’s Metal Impregnation and
Multi-Cycle Mercury Intrusion: Cement and Concrete Composites, v. 32/7, p. 514-522.

Norton, D., and R. Knapp, 1977, Transport Phenomena in Hydrothermal Systems: Nature of Porosity: American Journal of Science, v. 27, p.
913-936.

Washburn, E.W., 1921, Note on a Method of Determining the Distribution of Pore Sizes in a Porous Material: Proceeding of the National
Academy of Science U.S.A., v. 7, p. 115-116.

Zhao, J.H., Z.J. Jin, Q.H. Hu, Z.K. Jin, T.J. Barber, Y.X. Zhang, and M.K. Bleuel, 2017, Integrating SANS and Fluid-Invasion Methods to
Characterize Pore Structure of Typical American Shale Oil Reservoirs: Scientific Reports, v. 7, p. 15413.



N
/\‘

UNIVERSITY OF

TEXAS

ARLINGTON

Quantitying effective porosity of oil and gas reservoirs

Introdu

ction

(Max) Qinhong Hu (maxhu@uta.edu), The University of Texas at Arlington, Arlington, TX 76019

e Microscopic pore structure characteristics of oil and gas reservoirs (e.g., sandstones, carbonates, and mudrocks) — pore shape,

pore-size distribution, and pore connectivity — control fluid flow and hydrocarbon movement

o Effective porosity is the portion of connected pore space as conductive pathways to participate in flow and movement

e This work discusses various approaches to quantifying effective porosity for a range of oil and gas reservoirs

Definition and Problem Statement

Porosity of Geological Media
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A Range of Sample Sizes: Effective Porosity and Different Exp.
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Range of Porosity and Practical Cutoff
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Approach: Wood’s Metal Impregnation and Imaging
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Wettability: Phase-based Fluids and Tracers 2D /3D Mapping Scheme by LA-ICP-MS
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