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Introduction

= A hypothetical scheme with three scenarios to inject CO,
from midwestern U.S. facilities was evaluated to better
understand the potential for storage of CO,

m CO, was assumed to be collected from refining and
chemical facilities in the region and transported along
existing pipeline routes to nearby injection locations

m The study included assessment of geologic setting,
reservoir simulations, geochemistry, engineering, and
€conomics issues
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Conceptual CO, Storage System

m Pure CO, was assumed
to be delivered

= Only compression,
dehydration, transport,
and injection were
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Base Map of Study Area

Scenarios

I = 5 mtlyr in Indiana

= 2 mtlyr in Michigan
= 2 mt/yr in Ohio
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Hydrostratigraphic Units
Through Indiana Site
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Depth to Mt. Simon

= Depth to the
reservoir is
greater than
2,500 ftin
most areas in
the region

i
.

Batielle

maiwr | Figere s Approsimate Depth to Top of Mt Smon 5

Baved on Gugta (1993 Data.

| — |




Thickness of Mt. Simon Sandstone

= Indiana Location
+ 1,000 - 1,200 ft
= Michigan Location
+ 400 - 600 ft
= Ohio Location
+ 300 - 400 ft
= On a regional basis
the storage capacity
near these sites is in

the range of several
billion tons
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Regional Seismicity

Earthquake Activity in the Midwest U.S.

m Most of the Midwest U.S. has a 3 o s L.
low earthquake hazard rating . E“, o Michigan.#,
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(Source: Indiana Geological Survey, 2000.)
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Compilation of Permeability Data
T I
| | Michigan data from 8 locations & & r
| ! Corn nsts ranga about 10 - 53 md b Fas. Ensegy
( ) Well tests range from about 50 -~ Wartte Diapossl
\ ;.-' in the sast 1o 100 1o 400 md I _Unkm-qw
p / in tha wast I
A Wg ’ | |5D8Ts " 102 Coro Tests |~
\ 7 / ~ mia-unk min =008 T
1/ Utk e 0
- — 1\"’ 248 ng- “F/zs_w Sl
{ 3 . £
qﬁhm 2 [l o) | - . A
; ., == 170 Core Tests USS Chee R nt. Knaopy l
|ORGas Storage min = < 1,066 s | |waste uupe..w EW Injection
ks Toew | | m_"“gé_a '-\'f‘ P48 | |
-+ Iy - ) [NPsco | W |
82 | Paiad Sional |Ciligas atet 3| Cherical \
jngm - mdml | [Onican method | 05T Tesk 273 Cons Tty \
a | pnbmonn Method . | = max=S5  mux= 865 i_!I
o I 3 |avg =18 g =98
= umm!.'..';.'m I \m | 4
3 2% | ‘Waste Disposal
15/ | Uinicowm Method | /
< | 0 | /
4 | Disposal Wel i
A | 6 Cora Tosts
I [REcom !
\ = 8520
| PMC Disposal Well | '"". 353
|41 Core Tests. | 1987 Pros. test = 20.2 /
min = < 1,0E6 \VJ
max = 83 | - f
LUl <.r\_,,\ Disposal Well
-, ADSTs i~
N 5180 v
15 _’Cj . v J U
2 -f“ -~ P
& / *\t_]
I _
v 7T }
%
,‘? ) .b‘pkw' 018 min=0.40
& o =5
00T U] wg =015
Batielle = —

¥ Flow and Transport Models

the region were conducted

m Limited Sensitivity analysis was conducted
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m Compositional simulations using modified UTCOMP code
were conducted to estimate injection potential, pressure
increases, CO, spreading, dissolution, and containment

m 2-D radial simulations using field data from deep wells in




Simulated Pressure for Indiana
Scenario at 20 and 40 years

= Simulated pressures
increases are below the
fracture pressure limits
normally observed in the
region

m Pressure subsides rapidly
after injection stops

m Up to 5 injection wells
may be needed for 5 mt/yr
storage

1 mt/yr/well injection
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B CO, Spreading for Indiana Scenario

m CO, spreads to about
4,000 ftin 20 years

= There is very little
additional spreading after
injection stops

= No leakage into confining
layers is observed

m Fractures rock scenarios
were not considered
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Simulated CO, Solubility for Indiana Scenario

= Solubility is a function of
pressure, temperature, and
salinity

= Almost no movement of
dissolved CO, into caprock

= About 6% of injected CO, is

Molar Fraction CO2 at 20 Years

= =
Depth (ft bgs)

"

dissolved after 40 years

= Typical CO, Mole Fraction
~0.009 (2.3%)

= Dissolution is limited by slow
contact between CO, and
fresh brine

Molar Fraction CO2 at 40 Y ears
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Michigan Scenario

m Up to 1.8 mtlyr
can be injected
in one well

Pressure at 20 Years

Distance fram Injection Well (ft)

CO2 Saturation at 20 Years

Confining Layer

Injection interval
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Pressure Profiles for
Two Michigan Scenarios
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Pressure subsides soon after injection stops
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B Sensitivity Analysis

m No major effect from column width, layer thickness,
diffusion, and dispersion coefficients

m Horizontal wells: greater injection rates, less pressure
buildup, slower vertical movement of CO,

m A single 3-D scenario showed higher injectivity than the
radial models

m A 500 year run showed 8% dissolution and no movement
of CO, into caprock
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Geochemical Assessment

= Mineral and brine compositions from the deep wells in the region
were evaluated

+ TDS Range - up to 300,000 mg/L
+ pHRange-55t07
+ Mainly sodium-, calcium-, and chloride-rich brines

= No adverse reactions noticed with equilibrium modeling

m Potential for mineral precipitation through silicate reactions where
iron rich glauconite is present

m Experience in EOR may be useful in dealing with operational
issues
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_ Comparison of Storage Costs in Terms of
_I Capital and Operational Expenses
-

Compression
Capex

Compression
Capex

Compression
Capex

Pipeline Capex Pipeline Capex Pipeline Capex

5 mt/yrin 2mt/yrin 2 mt/yrin
West-Central Indiana South-Central Michigan Western Ohio
$18.6/ton $18.3/ton $17.0/ton
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_I Key Conclusions

Feasibility of CO, storage in the Mt. Simon Sandstone in three
areas was evaluated

Reservoir simulations indicate that the desired amount of injection
could be achieved using a reasonable number of wells

The formation pressure increase and CO, spreading distance
appear to be in acceptable ranges. Dissolution rates are relatively
slow due to slow groundwater movement.

No major adverse geochemical reactions would be expected

The storage cost is mainly influenced by the pipelines costs.
A regional pipeline network may help reduce this cost.
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