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Area of Review (AoOR)
IS a regulatory tool

proposed UIC Class VI (CO, 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



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
CO, 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.




Pressure Influence (1) simplest
(Theis, 1935)

Ap = 9y (u);
47KH Ap is the change in pressure [FL2]
2
Sr Q is the injection rate (positive into the aquifer) [L3T-1]
B 4KHt K is the hydraulic conductivity of the aquifer [L?]
S is the storativity of the aquifer [-]
r is the radial distance from the center of the injection well [L]
Q H H is the aquifer thickness [L]
‘ | t is time since injection started [T]
: < W() is the well function
o —
I .
i i i — K, S H Note: given a constant
| : L mass injection rate goal for
H B CO,, an equivalent injection
v T v volume rate of brine is
/ informed by ECO2N.
—r



Pressure Influence (2)
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Critical Pressure (1) simplest

Ap, = 0433y, Dy + 7y (Dy — L)] -
psi pressure distance units ft
¥ 5 = average specific gravity of thebrine — R Db

;VW = qverage specific gravity of freshwater — RD
' p, = original reservoir pressure injection interval

or relative density

Ground Level l piezometric
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Critical Pressure (2)

(Nicot et al., 2008)

A-¢

) (Zv _ZJ)"' Pr, ~ P;

density difference

Parameter

Top of injection Fm. (m) Z\_,
Base of USDW (m) Z|

Injection Fm. TDS (g.L™)

Borehole range of salinity (g.L™7)

Density gradien@t constant TDS (kg.L .m™)

Initial density gra dieu@1 borehole (kg.L'.m™)

Final density difference at base of USDW (kgL

Maximum admuissible pressure (bar)

Distance from injection well (km)

AP
Base of USDW _— = (Z — Z
% 1
g
L, I=zy
T evauss Jensity (kg/L)
0.97 0.98 0.99 1.00 1.01 1.02
0 | 1 | | |
4p=0.0118
500 ~ /
/
y/
— 1,000 A £=375%10" kg/L/m
£
2 4=-1.16x10° kg/Lim
3 Density profile in borehole
= 1,500 - |at initial conditions Ap=0.0062
©
s
]
< 2,000 -
o
£ \ Density profile in borehole
a / after pressure pulse
o /
2,500 ~
——TDS=500 mg/L
= =TDS=20,000 mg/L
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CAMELOT
File

Model Setup  Observations | Fun Model | Graph | Excpart | tilities |

bar —
wrs  —d
upper boundary condition © noflow ™ infinite sink

Iv initial pressure |200.0 |v Fracture pressure [1500.0

v shut-off Kime 40,0

heydraulic conductivity [ 2-7
[v use upper leaky layer

thickness |300.0

specific storage |18-6

Frydraulic conductivity | a5
khickmess (500
anquifer

specific storage |4&-6

volumetric injection rate 2.5

bredraulic conductivity
[ use lower leaky layer

thickness

specific storage

lower boundary condition © no Flow ™ infinite sink
L
mfs"2 = fresh water density [1000,0

[v el radius 5.0 [ boundary radius

gravitational accleration (2,51

bar —i

[ neqglect leaky layer skorage

CAMELOT

(Karl Bandilla, 2010)

-Theis, Hantush-
Jacob, Moench,
Zhou (Fortran)

-ECO2N EOS
utilities

- Python solvers

- Tkinter interface
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Pressure fronts are basin scale,

. CO, fronts are local scale
Chicago

pressure, bars | pm

CO, saturation at 50 yrs

FutureGen,
Mattoon, IL

20 hypothetical injection wells
5 Mt CO,/yr each

11111 Total 100 Mt/yr 13
Zhou, Birkholzer, LBNL



Pressure influence
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AOR web Interface

Geo Sequestration v0.1 - Windows Internet Explorer. provided by EP

@:}: - |§, https:/jenvext0z2 i, orglGeoseqiDefault . aspx V‘ ﬂj 2| X | R~
! File Edit Wiew Favorites Took Help
pdf‘ | v| Search|@D|ZPDF
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=
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[ wiew Results / Map Scenario |
[ Export resulis to CSW |

Counly Road 2608

[ Export results to Excel |
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DOE/EIS-0394, 2007
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Pressure influence —
hypothetical 5 MMt/yr CO, injection, 50 yrs




Test problem : critical pressure simple

Depth
(ft bgz) MNaime Lithology
0— —
e glacialilfand) Drinking
- Ouarremarytmo &} ~olitwash] .‘ '.n'.::.hrl Aquiter —
- — e (=400 ft) —
= SR N
- I
) Peannsylvanfan _?_%?_‘.II@G.“?_
1,000 — (1750 1) el sy
5 Lo o il
- N ..
USDW ==+
= ' RD,, = 0.998
- = w— VY. (assume TDS 10,000 mg/l)
2,000 — Mississiopian | |
Chesterian limestone
= H,=4770 ft
[ imeston W
Misstssippian dalémite
Valrayeran (600 ft) (81 Louis)and
3,000 { | Sale)|

Devonian Hew Albany
Gr (200 ff)

= slifalE _I
| i

Siturian Hunton

/' limestone and

2| Megagroup (450 m) —diEiE 7 ]
- Crlovician -
— | Maquoketa (1751) f— shale —_l
4,000 — 7 7
E Ordavician L
Z | Galena-Piattevils Gr. |—ZdoiomiteL—)
- (800 f) /
- yi 7
- /.
~| Ordovician 5t Peter  fuiis
000 — 1200 ft)
5,00 - p—— 7 . 7
— vician olarhil
2| prareauchen [
- (700 f) 7
- - z
- Cambrnian
- Eminence-Patasi —Ldgmmige/—
- L
5,000 =—
= [ Cambrian Franconia -
= Frm. (200 ft) dcllDI':IIlE
- Cambrian lramon-  Juas  sandstone -
- Galesville (100ft) o
- Cambrian _—non-permeable
- Eau Claire Fm, . shale—
- (550 fi
7.000 —
- Cambrian
- Mt Simaon Fr,
- (1,400 ft)
8,000 —

= = =Pre=Cambrian — — = ='< granile~"

Ap, = (H,*RD,, +H, * RD,) * 0.433 psi/ft
— Po

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

- H,=2200 ft

d - Po = 3031 pSI (assuming hydrostatic 0.433 psi/ft @ 7000 ft)
Ap. = 3080 — 3031
=5 = 49.4 psi (3.4 bar) H

ft bgs= feet below ground surface



Critical Pressure —
hypothetical 5 MMt/yr CO, injection, 50 yrs

2D 3D | Road Aerial Bird's eye Labels | «<
@ - - -




50 yr CO2 plumg
1 MMT/year

-

elby County

DOE/EIS-0394, 2007
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influence _ S u m m ary
AOR solutions

- Camelot tool
- Python solvers, Karl Bandilla
- pressure influence, Theis, Hantush-
Jacob, Moench,Zhou

O, plume - working on, critical pressure, LBNL

- working on, CO, front, Princeton

lcal pressure

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

AoOR testing

- TOUGH2/ECO2N (LBNL)

- FutureGen, Mattoon, IL

- possible Kimberlina, CA 20
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Temperature: T

Salinity: X

Initial Pressure:

salt

P(t=0)

C0O, mass injection rate M(t) |-—-

CO, Properties

Density: p.q,

Viscosity: p.n,

I

Calculate equivalent
volumetric injection rate

Q)

I

Brine Properties

Density: pp,
Viscosity:

orine

L

Calculate hydraulic conductivity: K, .

and specific storativity: S__ _

Semi-Analytical Solutions: P(t), and Leakage Rate and Volume I

ECO2N
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EPA Research Map

Safe Drinking Water Act

/\
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HQ-Washington DC)
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Research Plans
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Critical Pressure FutureGen

Depth
(R bge) MName Lithology
0— -
= glacial mllland)
~ | Quarternary (100 ft) R
- [— -

UsS

DWW

Pannsylvanfan

oS

_ngiilim_eﬁhina

= e e e
1,000 — (1,750 f) Sl ke
[
N ..
e e — ol
|
1
2,000 Mississiopian | |
Chesterian limestone
(750 ft)
Alimeston:
Misstssippian dalémite
Valrayeran (600 ft) (81 Louis)and
3,000 l | Sale)|

Devonian Hew Albany
Gr (200 ff)

= slifalE _I
1 i

Siturian Hunton

/' limestone and

2| Megagroup (450 m) —iEiE 7]
- Crlovician -
— | Maquoketa (1751) [— shale —_l
4,000 — 7 7
E Ordavician L
| Galena-Piattevile Gr. |—LiciomiteL—]
- (800 f) /
- i i
- /.
: Ordovician S‘[ Peter
00— |200ft)
5,00 - p—— 7 . 7
— vician olarhil
2| prareauchen [
- (700 f) 7
- - z
- Cambrnian
- Eminence-Patasi —Ldgmmige/—
- L
5,000 =—
= [ Cambrian Franconia =
= Frm. (200 ft) dcllDI':IIlE
- Cambrian lramaon- ndsfone .
- Galesville (100 fi)
- Cambrian _non-permeable
- Eau Claire Fm, . shale—
- (550 fi
7.000 —
- Cambrian
- Mt Simaon Fr,
- (1,400 ft)
8,000 —

= = =Pre=Cambrian — — = ='< granile~"

L= 30 ft
RD,, = 1.0

H,, = 370 ft

Ap, = (H,*RD,, +H, * RD,) * 0.433 psilft
— Po

H, = 6,600 ft

RDb = 107 (assume TDS brine approx 140,000 mg/l)

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

Ap, = 3218 — 3031

187 psi (12.89 bar)

C

Explanation

=== Dash Indicates
Uncertainty

Bl Seal

[ Saline Formation

ft bgs= feet below ground surface
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