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o AEP-1 well (Appalachian Basin) feasibility study

» Ohio River Valley regional analogs

e Conclusions
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Objective of site-characterization project

Feasibility of seismic monitoring in the
Appalachian Basin area
— Data available: AEP-1 well location

e Two 2D seismic lines

e Wireline logs + core data
« Regional geologic studies

Feasibility of seismic monitoring in the
Ohio River Valley Region



Key guestions of a feasibility study

* What is our ability in predicting the expected 4D
signature?

— How valid Is Gassmann Equation for the specific
reservoir-rock?

— How accurate are the input parameters into Gassmann?
» Petrophysical data

 Fluid properties estimation from Batzle-Wang Equations

 How well can a seismic survey & subsequent data
Interpretation pick up the 4D signature?
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— Default in most commercial packages

e Inputs
— Temperature, pressure, gas gravity, oil API
— For example, gas gravity of CO, is 1.53 = 1.98/1.29
 Density of CO, : 1.98 g/L at standard condition
» Density of air: 1.29¢g/L at standard condition

e QOutputs
— Velocity and density of gas & oil



Batzle-\WWang equation
""" Wang lab data
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— B-W original

i i
20 40
Pressure (MPa) Pressure (MPa) Pressure (MPa)

Very good match between the modified equations
and the lab data
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Using modified Batzle-Wang equation + Wood’s relation
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* CO, sweep efficiency - related to permeability

75~90% may be a possible reachable CO, saturation.
* Fluid properties calculated using modified Batzle-Wang + Wood's relation
* Fluid substitution through Gassmann’s equation

Mostly <8%
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Seismic property changes are more significant in soft rocks

- small K

solid

—> more changes in quartz-rich zones



East-West Geologic Cross-Section Through Midwestern U.S.
Showing Major Sedimentary Units
(after Gupta and Bair, 1997)
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density |porosity |pressure |temperature
g/ce % psi oC
V-ORNIo 518 3.05 2.70) 12 1050. 32 2.915 1.083 1.641
C-Indiana 5.33 3.09 2.70) 10 2500 50 3.399 1133 1.722
N-C-Ohio 5.18 3.05 2.70 14 1000 32 2.760] 1.060] 1.613
VP VS density |porosity |pressure |temperature|Kfl rofl  pfl
km/s km/s glee % psi oC GPa g/cc  km/fs
\W-Ohio 4.94 3.07 2.65 12 1700 32 0.031| 0.698 0.210
C-Indiana 5.05 3.06 2.67 10 3500 50 0.166) 0.843 0.444
N-C-Ohio 5.00 3.07 2.66 14 2000 32 0.052] 0.760 0.261

P-impedance change

Vp/Vs cha

nge

%

%

-6.33

-6.31

-5.00

*Changes on the order of ~5% or 6% at ~3000-4000 ft subsurface
can be detected by current seismic



Conclusions

Revised B-W equation match lab data of CO, better
4D sensitivity

More 4D signature in quartz-rich zones
Further increase of saturation does not produce a large 4D change
Challenges in hard-rock environment necessitates further research

Regional differences

Typical 4D response is ~2-8%
Easier to pick up 4D response from shallower formations

Future efforts

Continued evaluation of novel approaches to design seismic
monitoring surveys for deep basin settings

Verification of seismic monitoring feasibility in Ohio Valley Region
as part of regional partnership work





