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Executive Summary
Flow relationships established for conventional reservoirs have simply been transplanted for use in 
unconventional shale and tight-oil plays by using lower Darcy permeabilities. A number of important 
thermodynamic and flow properties that determine economic viability and environmental sustainability 
of the shale and tight oil plays may be fundamentally different. This project was aimed at measuring 
these properties systematically in shales samples, and in calibrated (lab-created) mesoporous materials 
(porous materials with nanometer sized pores).

Mesoporous powders with targeted pore sizes were manufactured using a siliceous base. Mesoporous 
samples designated as SBA-15 and SBA-16 were synthesized using standard procedures. SBA-15 is 
characterized by hexagonal pores and SBA-16 consists of cubic pores. A silica monolithic gel (consisting 
only of nanopores) was also prepared. Synthesis of monoliths was optimized by using specialized wraps 
to control the evaporation rate and time required to create stable structures. Artificial mesoporous 
cores were made by consolidating SBA-15 using spark plasma sintering. Significant effort was expended 
to make consistent artificial cores.

All of the mesoporous materials were characterized using BET isotherms and TEM imaging to confirm 
that the average pore sizes were about 4 nm. All the samples had high surface areas (700 m2/g for 
powders and over 500 m2/g for monoliths). Most artificial cores developed small cracks after sintering. A 
detailed sensitivity study on synthesis and characterization of these cores was conducted. However, due 
to the difficulty in maintaining the cores intact, the effort to make sintered powders was suspended. 
More effort was devoted toward optimization of the monolithic structures.

A specialized apparatus was designed to measure saturation pressures of well-defined hydrocarbon 
mixtures. A mixture (molar) of 90% decane and 10% methane was chosen for the study. Bubble point 
pressure measurements were performed in the bulk (no porous medium), in columns packed with 
two mesoporous powders (SBA-15 and SBA-16), and in the monoliths. The bubble point pressures 
were determined using pressure changes as function of volume. The bubble points in mesoporous 
media (with nanometer-sized pores) were lower than in the bulk by about 10–20%. This work is being 
continued for measurement of bubble points in real shale samples and permeability measurements in 
synthetic siliceous materials.

A hypothesis was put forth that saturation pressures are also affected by the presence of organic matter/
kerogen in shales. A thermodynamic modeling exercise using Eagle Ford fluid confirmed that the 
equilibrium system consisting of the present-day organic matter, retained oil and expelled oil behaves 
differently compared to the system of free oil and gas on which most thermodynamic calculations are 
based. This phenomenon also tends to suppress the fluid bubble points.
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