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Geology of Devonian Shale

Key

Limit of shale occurrence
1000 ft drilling depth
Area of thick and deep shale

Major fault trends

Structure elevation (ft)

. High : 9585.077

Low : -4144.95
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Devonian Shale Reservoir

 Low permeability (microdarcies)
 Micro-porosity

e Organic-rich (up to 25% TOC)
 Thickness

—> 1,600 feet (eastern Kentucky)
— > 400 feet (western Kentucky)

 Kentucky’s most active and prolific gas
producer
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The “Black
Shale”
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Cross Section
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Shading based on density (RhoB)
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Lines of Evidence Favoring
CO, EGR

 Analogous to coal
 Production data
 Preferential adsorption
* CO, frac study
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Recno: 115246, qi=0.964, b=1.642, di=-0.3887 (HYP)

8000 ! 1 ] | | | | | I
ISR R [ i ——
— Best fit, t=0 el —
. Optimum :
6000}
E H
o
- Esunn i
Produgction Data
L = ) e
o
o
Z 3000
=
o
-3
2000
® "
: e . 1000- ré = 0.2001, qi=
| At tm1
*(-1.0 7 2.278) T HYP: gt m  1.00%(1.0 - 2.278%(-0.831)*t)*
. . | o 2=0.9882

0 10 20 30 a0 50 60

KY/G’@S;M@ Time (months) I@



Cumulative Production

Industry rule of thumb is 300 MMcf per well
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Well “Declines”

Recno: 114670, qi=1.472, b=4.133, di=-0.5695 (HYP)

Production for some
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Long-term, nearly flat
decline
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r2 = 0.8734, qi=29.18 (Mcf)

GTI Proprietary Data
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Adsorption Isotherms

Storage Capacity (scfi/ton)

&  Measured (dry, ash-free)

100 ___‘__.-—-""'_."._-. — R

b2 -*"-__-. o o — _-----'DI"'-,-' _
. i —_— - Diry, ash-frae

50 4 L e —— Langmuir Pressure
— Langrmuir VYolurme

0 1000 2000 3000 4000 5000 6000
Pressure (psia)

IKYCCS.0RG KGSy



Isotherms Indicate Preferential
Adsorption

Expected reservoir
pressure
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Standard cubic feet per ton of

iKY
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CO, Adsorption at 400 PSIA
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Crossplot
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Gamma ray (API)

RhoB, .., gray
shale = 2.82 g/cc
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Calculate TOC from RhoB

TOC =55.822*| £8
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Schmoker, 1993, USGS Bull 1909
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CO, Storage
Capacity
(million metric

tonnes per
km?2)

Total: 6.8
billion
tonnes
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CO,/Sand Frac Study

 Yost, Mazza, & Gehr, 1993, SPE 26925
 Fast flowback (2 to 3 days)

 Preliminary production
—56% > N, frac wells
— 4.8 x shot wells

» Consistent with CO, adsorption
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Project Outline

o Advisory group (experimental protocol)
 Consortium (partnership)
o Site selection

« Data collection, analysis, modeling
— Background MMV

e Injection
 Data analysis and reporting

— Model refinement and confirmation
— MMV
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Indicators of Success ¢

e Increase I gas productlen fa"te
J I\/Iass balance |nd|cates CO

adsorpnon e fi?

. After flowback and cleanup
p1pe|"ne quallty gas
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Limitations:
Detalled data
for modeling

e Shale
analysis logs

e Petrographic
analysis

 Mechanical
data




Status

- Site nominations received or
In process

Recent advanced logs or
samples

KGS Well Sample and Core Library is being searched for additional cores.
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Contact Info

e WWW.KyCCS.0rg
e bnuttall@uky.edu
e 859-257-5500 x 174
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