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Area of Review (AoR) 

is a regulatory tool

• proposed UIC Class VI (CO2 injection 

wells)

• based on the potential for endangerment 

of the USDW

• AoR focuses the survey for compromises 

of the sealing layer (fractures, faults, 

abandoned wells)

• corrective action evaluated for abandoned 

wells in AoR
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Need for Simple AoR Tools

“Keep your models as simple as possible … 

but not simpler.”     --- Albert Einstein

• tools to assist the regulator to evaluate the 
permit application

• tools to build initial understanding of a site and 
prepare for detailed numerical simulation

• arbitrary fixed radius (e.g. 2 mile) might be too 
simple

• analytical and semi-analytical solutions are easy 
to use and understand and fast
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Project Objectives

• Task 1.   Investigation of the analytical and semi-
analytical solutions for pressure increase and 
CO2 plume.

• Task 2.   Development of the modeling 
frameworks (computational engines, user 
interfaces).

• Task 3.  Testing of the AoR tools through 
comparison to numerical simulations and case 
studies.
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Pressure Influence (1) simplest
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p is the change in pressure [FL-2]

Q is the injection rate (positive into the aquifer) [L3T-1]

K is the hydraulic conductivity of the aquifer [L2]

S is the storativity of the aquifer [-]

r is the radial distance from the center of the injection well [L]

H is the aquifer thickness [L]

t is time since injection started [T]

W() is the well function

(Theis, 1935)

Note: given a constant 

mass injection rate goal for 

CO2, an equivalent injection 

volume rate of brine is 

informed by ECO2N.
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Pressure Influence (2) 
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Critical Pressure (1) simplest

psi pressure distance units ft

piezometric

head

Hw

Hb

p0 = original reservoir pressure injection interval

RDb

RDw

or relative density
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Critical Pressure (2) (Nicot et al., 2008)
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CAMELOT

(Karl Bandilla, 2010)

-Theis, Hantush-

Jacob, Moench, 

Zhou (Fortran)

-ECO2N EOS 

utilities

- Python solvers

- Tkinter interface
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Hypothetical

Case Study

Illinois Basin

Mt. Simon Sandstone
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Pressure fronts are basin scale,

CO2 fronts are local scale
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20 hypothetical injection wells
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Pressure influence
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AoR web interface
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Pressure influence –
hypothetical 5 MMt/yr CO2 injection, 50 yrs
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Test problem : critical pressure simple

Hw = 4770 ft

Hb = 2200 ft

L= 30 ft

USDW
RDw = 0.998    (assume TDS 10,000 mg/l)

RDb = 1.09  (assume TDS brine approx 140,000 mg/l)

Δpc = (Hw*RDw +Hb * RDb) * 0.433 psi/ft

– p0

Δpc =  3080 – 3031 

= 49.4 psi (3.4 bar)

p0 = 3031 psi (assuming hydrostatic 0.433 psi/ft @ 7000 ft)

Brine
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Critical Pressure –
hypothetical 5 MMt/yr CO2 injection, 50 yrs

< 60 m

3.4 bar
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50 yr CO2 plume

1 MMT/year

2 mi

DOE/EIS-0394, 2007
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pressure influence

critical pressure

CO2 plume

AoR solutions
- Camelot tool 

- Python solvers, Karl Bandilla 

- pressure influence, Theis, Hantush-

Jacob, Moench,Zhou

- working on, critical pressure, LBNL

- working on, CO2 front, Princeton 

AoR testing
- TOUGH2/ECO2N (LBNL)

- FutureGen, Mattoon, IL

- possible  Kimberlina, CA

AoR

Summary

AoR frameworks
- GeoSequestration tool (web-based)

- Bing maps, RTI 

- working on BAEM,  analytic element solutions, Mark Bakker 

- MapWindow GIS (desktop), Dan Ames

- working on, uncertainty analysis, Justin Babendreier,

-EPA SuperMUSE, FRAMES
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Kraemer, Babendreier ERD         AoR project

DiGiulio, Wilkins NRMRL and partners ! 

ERD (Athens, GA)

GWERD (Ada, OK)

Drinking Water

(Audrey Levine, NPD

HQ-Washington DC)

EPA Research Map

Bruce Mintz, ALD-NERL (RTP, NC)

Alice Gilliland, ALD-NRMRL (Cincinnati)

Goal 2. 

Clean and

Safe Water

Safe Drinking Water Act
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Critical Pressure FutureGen

Hw = 370 ft

Hb = 6,600 ft

L= 30 ft
USDW

RDw = 1.0

RDb = 1.07  (assume TDS brine approx 140,000 mg/l)

Δpc = (Hw*RDw +Hb * RDb) * 0.433 psi/ft

– p0

Δpc =  3218 – 3031 

= 187 psi (12.89 bar)

p0 = 3031 psi (assuming hydrostatic 0.433 psi/ft @ 7000 ft)

Brine


