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ABSTRACT

Continuous, low-permeability, fractured, organic-rich gas shales

represent a possible unconventional site for geologic sequestration of CO.,.
Devonian shales underlie approximately two-thirds of Kentucky. These
shales are the source and trap for large quantities of natural gas. Enhanced
natural gas recovery may be possible as stored CO, displaces methane.
Drill cuttings and cores from Kentucky, West Virginia, and Indiana were
sampled, and adsorption isotherms collected. Sidewall core samples were
analyzed for their potential CO, uptake and resulting methane displacement.
Average random vitrinite reflectance data range from 0.78 to 1.59, the upper
oll to wet gas and condensate maturity range. Total organic carbon (TOC)
ranges from 0.69 to 4.62 percent. CO, adsorption capacity at 400 psi ranges
from 14 to 136 standard cubic feet per ton of shale. Relationships between
measured TOC, gas storage capacity, the Langmuir coefficients of pressure
and volume, and well-log-derived parameters (bulk density and gamma-ray)
are being investigated for revising and refining sequestration capacity
estimates.

Current estimates based on volumetric data indicate a sequestration
capacity of 5.3 billion tons of CO, in the Lower Huron Member of the Ohio
Shale of eastern Kentucky and as much as 28 billion tons total in the deeper
and thicker parts of the Devonian shales in Kentucky. Should shales prove
to be a viable geologic sink for CO,, their extensive occurrence in Paleozoic
basins across North America would make them an attractive regional target
for economic CO, storage and enhanced natural gas production.
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Distribution of the Devonian shale and associated gas production in Kentucky

Production Incline Suggests
Significant Adsorbed Gas Content

30
[
)
3 \
L2 20
2 |
S b
O e o
c T
S TN
el ol o
0
1940 1950 1960 1970 1980 1990
Actual pusss=nnne - Projected

Survey: www.uky.edu/kgs

Grant DE-FC26-02NT41442

Total Organic Carbon

Standard cubic feet per ton

Frequency

Average Organic Content

30%
25% 5
&
20% -+ Average
15%
10%
- T 7.0%
0 e 0]
+2.1% 3.7% 1279
0% | | :
Zielinski & Ettensohn, This study, as This study,
Mclver, 1982 1998 received acid washed
Typical X-ray Diffraction Trace
100 o
80 E/I EA}:{inmiLerillonite
4? Q Quartz
% 60
P
= 40
=
i
20 " . !
4 . I\/IMI K\LIP M,KQPQ Q Q P QM Q
O T o T l G e
0 10 20 30 40 50 60 70
Degrees 2-Theta
Adsorption Isotherms
1000

CH,

0.01

0 200 400 600 800 1000 1200

Pressure (PSIA)
CO, and CH, Adsorption at 400 PSIA
60% Average Crl,: 8.1 scifion
50%
Average CO,: 42.9 scf/ton

40%

20

40
Adsorbed gas (standard cubic feet per ton of shale)

CO, adsorption exceeds CH,
adsorption by an average of 5.3x

60

1 a
80 100

vl il

120

140

Adsorption at 400 psia as a function of TOC

160

S CO, scf/ton = 7.9 x TOC + 20.7
— o A
q) A L 4
Q. 120 0%0 i )
g & Zn AN
“— @D - 3
O E 80 e a5
Q . L
> .
o -
Z ) “ 2 Eastern_Kentucky
B0 e T
3 o*® .
& - - - Regression

0 |

0] 4 8 12

Total Organic Carbon Content (%)

16

CNR 24752 Elk Horn
11-K-81, Knott Co
Elemental Capture

Spectroscopy Log
Lower Huron

MAIN PASS

Clay content of the Lower Huron
averages approximately 56

percent.
o 1t ;o o o
ot 16193093007 1619394014 1611994631 161199406811994539
e : = J = === ~ Borden
% = L
-150 - [g] e F g
—== — Middle
Shading on gamma-ray curve §
indicates zones reading 200 or less y
. . Olentangy
APl gamma units. Interstate {
#4 Davis | |
il J L]
CNR

EEEEE

Shale can be considered a mixture of three
components: clay minerals, quartz-feldspar-
mica, and organic matter. Schmoker (1979)
suggests the organic matter content is the

main contributing factor to observed

variations in shale density. Using Schmoker’s
method, TOC for intervals can be estimated
from commonly available geophysical logs.
CO, adsorption isotherm data exhibit a linear
relationship with TOC and provide a method
to estimate in-place gas storage capacity

(theoretical maximum).
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Regional Cross Section Showing Intertonguing of Carbonaceous and Clastic Shale Units

Datum is top of Ohio Shale (Cleveland Member)
Cross section shading based on density (RhoB)
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