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24% of the World’s total
CO2 fossil fuel emissions




Saline Aquifers -
hydrodynamic trapping

Hydrocarbon Reservoirs -
geologic trapping

Coal Beds — absorption

Deep Saline Natural Gas  Coal-Bed
Aquifers Resevoirs Methane
Production

Depths greater than ~600 m

Close to nearly all major CO,
generators

Greatest capacity of the
geologic sequestration
options (~130 GtC)

Most technically challenging




Economic Identify point sources of CO,

Political ~
Societal _

Geology:
Hydrodynamics:

Geothermal and hydrostatic gradients

Underground Injection Control (UIC) Program —
Safe Water Drinking Act of 1974

Class I Injection — municipal or industrial waste
(including hazardous) below the deepest USDW

Monitoring requirements:




Density difference from
that of brine leads to a
buoyancy force.

Low viscosity leads to
viscous fingering.
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Preferential Leakage  ————

dissolve minerals leading
to a increase in
permeability and porosity.

Dissolved state in pore water

Residual gas trapped by capillary forces
Dense supercriticall state
Permanent state in a carbonate mineral
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is discovering ways to optimize hydrodynamic trapping,
while increasing the rate of carbonate formation.

Favoring Conditions
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Dense; Supercriticall State Low High N/A
To maximize mass transfer and storage

Carbonate Precipitation , )
High High
To immobilize and permanently store CO,
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Maximum pressure:

Temperature range:

1/8” Chromel-Alumel thermocouple

Internal volume = 0.3 liters
Maximum weight: 10g

Explore the solution kinetics of reactions of CO, and
field brine

To verify the efficiency and accuracy of thermo-
gravimetric analysis

Scale-up experimentation to a 500 ml CSTR to
corroborate optimum conditions




Indiana County Gas Well
Depth: 2,800 m
Oriskany sandstone

Metals of greatest concern
for carbonate formation

600 psi, 35°C, 30 min

Carbonate formation accounts
for a 1.0% increase by weight

500 1000 1500 2000
Time, sec




300 psi, 55°C, 25 min

500 1000 1500 2000

time, sec

Carbonate formation accounts
for a 0.9% increase by weight

Uptake observed through Uptake observed through
direct measurement HP-TGA measurement

Overall increase Increase to solids Overall Increase Increase to solids
wt% wt% wt% wt%

11 6.5 0.9 5.3




The large estimated storage capacity for CO, in geologic
formations, namely deep brine formations, warrants an
investigation into the kinetics of the carbonate forming
reactions.

The uptake of CO, into a Pennsylvanian gas well brine
can be monitored using high pressure thermo-
gravimetric analysis.

A process for determining a better understanding of the
kinetics of formation of mineral carbonates through the
sequestration of CO, exists through the use of high-
pressure thermo-gravimetric analysis.
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