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Persennel
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experience investigating the thermodynamics and phase relations ofi geologic
materials (rock-forming minerals, silicate melts, and mixed-volatile fluids). He is
currently the lead investigator en a DOE/BES-funded project to determine the
densities, excess molar volumes and vapor-liquid equilibria of binary and ternary.
CO,-CH,-N,-NaCl-H,Or mixtures at 300-400°C, 50-1000 bars.

Simoen L. Marshall is an applied mathematician with; extensive experience in the
mathematical medeling ofi physicalland chemical systems, including: develepment
off activity-coefficient models and eguations of state for multi-component agueous
mixtures at high temperatures and pressures, preparation of computer codes, for
numerical selution off compressible fluid-flow: preblems, and theoretical analysis
and calculation of lattice potentials and cohesive energies for ionic crystals.

Michael 1. Naney is an experimentall petrologist with special expertise in the
design, construction and eperation ofi equipment for making precise and accurate
measurements of the thermophysical preperties andi phase relations of geologic
materials at elevated temperatures and pressures.
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Key IISSUES

At the elevated temperatures and pressures encountered
N deep, Unmineable coallbeads:

The densities and viscosities ofi binany and ternary CO,-CH,-N,
gas mixtures*

Coal swelling/shrinkage in “brine”-mixed gas (CO,-CH, £ N,)
pressure media

Geochemical reactions induced by CO; injection (change in
“brine” pH, dissolution of heavy metals, etc.)

Rates and magnitudes ofi gas (CO,-CH, % N,) sorption/desorption
onto/frem “dry” and “moist” coal samples

*Principal focus of the new: research




ApPpProach

Expenments willlbe performed at 25-200°C, 1-300 bars, using a
custom designed stirred-auteclave apparatus with a 1.8 liter
iInternal velume.

Aliguets of CO,-CH, = N, gas will be loaded into, and extracted
from,, the auteclave threugh multiple injection and sampling ports
during expermentation.

Coal swelling/shrinkage in “brine”-mixed (CO,-CH, £ N,) gas
pressure media can be observed and measured optically through
sapphire windews In the auteclave.

The density data obtained for binary and ternary CO,-CH,-N,
gases will'be used to develop volumetric equations of state for
the mixtures.




Justification

The densities of CO,-CH,-N, gas mixtures at elevated
temperatures and pressures are not accurately predicted by
commercial computer codes.

To our knowledge, the viscosities of CO,-CH|,-N, gases have not
been measured at temperatures and pressures relevant tor CO,-

enhanced CBM production.

We are unaware of any attempts to precisely and accurately
measure coal swelling/shrinkage in “brine”-mixed (CO,-CH, = N,)
gas pressure media.

Additional technical information is needed on the geochemical
ieactions that will eccur when COy IS injected into deep,
unmineable coalbeds.




Justification (Cont* d)

CO,-CH,-N, mixing is strongly nonideal at P-1 conditions near
the critical point of CO,. Depending on ambient temperature
and pressure, gas mixing could produce pressure surges
during injection; ofi CO,, Into deep unmineable coalbeds.

Nonideal CO,-CH,-N, mixing will also have significant effects on
measured, mixed-gas sorption isetherms for coal, because

CO,-CH ,-N, sorption/desorption on coal surfaces will depend on
the activities of the gas species, rather than their mole fractions.
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