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Given that over 20 trillion cubic meters of natural gas, a third of the United States’
total reserves, are thought to be trapped in shale, and given the rush to exploit
shale oil and gas resources by Australia, Canada, China, and other countries around
the world—even oil-rich Saudi Arabia—it’s a wonder that producers still rely on
models of how fluids flow underground that were devised in the heyday of oil and
gas development.
Shale is a sedimentary rock thought to be formed from silt deposited in still waters,
consisting of layered, fine-grained clay minerals and, often, organic matter such as
kerogen, the source of oil and gas. Until now, no mathematical model of gas
reservoirs has explicitly incorporated kerogen in calculating how the gas and oil
become available and how long a reservoir is liable to keep producing.
The onset of large-scale shale mining calls for a new approach, and the call has
been answered by Paulo Monteiro, Chris Rycroft, and Grigory Isaakovich Barenblatt
in recent research describing a mathematical model of fluid and gas flow in
nanoporous media. Monteiro, Rycroft, and Barenblatt are with the Lab’s
Computational Research Division and UC Berkeley’s Department of Civil and
Environmental Engineering; Monteiro is also with Berkeley Lab’s Advanced Light
Source, and Barenblatt is also with the Russian Academy of Science’s Institute of
Oceanology.
The authors studied the physical structure of shales and posited a general structure
with two components. One is the fine-clay matrix, ordinary rock with nanoscale
pores (pores whose dimensions are measured in billionths of a meter) and fissures.
The other is the kerogen inclusions, which contain the majority of the oil and gas.
The inclusions may be highly porous, but the oil and gas have a hard time getting
out because of the fine pores in the surrounding rock; thus they have very low
permeability.
Drilling and mining rapidly reduce pressure on the shale, and even if the pressure
difference inside the kerogen inclusion and in the surrounding rock isn’t great, the
gradient from inside is steep over a short distance. In this thin boundary layer,
things move and break up: pores and tubes open up and grow larger, permeability
increases, and fluid begins to flow.
By developing the details of their model, the authors were able to calculate how
rapidly a reservoir starting at a certain production level would decline and how long
it would remain productive. They then compared their model’s predictions with data
from real gas and oil fields, including the Eagle Ford, Austin Chalk, Haynesville,
Texas Panhandle, and Barnett fields, and found good agreement.
Since production from shales in this model depends crucially on the increase of
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permeability at the boundary between matrix and kerogen inclusions, the authors
conclude that “Petroleum scientists and engineers should find technological
methods to improve the efficiency of the boundary layer further to increase the gas
and oil production.”
For more about this work, visit
http://www.pnas.org/content/early/2012/11/21/1219009109.abstract [1].
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