Testing Geologic Sequestration
of Carbon — Put it back

Carbon extracted
from coal or other
fossil fuel...

Returned into the earth
where it came from

An elegant solution - will it work?
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Refineries and oilfield tubulars at the same location provide the experimental environment




Geologic Storage “Sequestration” of CO,

Testing the feasibility of establishing a “closed loop”
to limit atmospheric emissions of carbon from fossil
fuels

o Power plants
e Refineries

g Sedimentary cover> 6km
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Frio Brine Pilot — First US
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Drilling expeﬁment well to depths of 5,700 ft, South Liberty oilfield near Houston Texas

Experimental Questions

Can we measure the CO, o
Monitorin
“cloud” underground? roring
l Verification
Can we predict where the
CO, will move Modeling
underground?




Frio Brine Pilot
Site

Food grade CO, |
Shipped by truck |

Fresh water (USDW)
protected by surfgce
casing

Depth 5034
and 5450 ft

Injection zones: Steeply dipping- high permeability
First experiment sandstone
2004: Frio “C”
Second experiment

2006 Frio “Blue”

Fluid is brine 100 ppt NaCl
100 -110 degrees F

Oil production

Monitoring- cawe

measure the CO2 “cloud” underground?

Determine the subsurface
distribution of injected CO2 using
diverse monitoring technologies

injection well (1) Observation well (1)

Aquifer wells (4)

Gas
Land Wells Access tubes, gas sampling
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Yes, we can predict and measure
where the CO, moves underground

Measured with
cross-well tomography
and wireline logs
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Tom Daley and Christine Doughty LBNL

Unexpected result — extra iron
and manganese in brine




Geochemical Modeling vs.
Measurement
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Grain coatings — rust on sand is rinsed off — adds iron
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Press version:

Potential leakage and toxicity problems
with CO, sequestration... while
sequestration to-date has been
successful —there have been no
detected leakages —the researchers
conclude ... that the chemistry of the
process might prove problematic

Greenwire July 31, 2006

What can we say from this
experiment about “Is CO2 safely
Stored?”

 Permanence of trapping — phase
trapping limits movement of CO,

* Wells are weak points — geochemical
tracer and pressure tests show promise
that flaws can be detected and wells
remediated.




Phase Trapping — the power of
capillary pressure

Phase-trapped
CoO,

Injection of CO,

Grains Brine — filled pores

CO, is trapped by capillary processes
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\]nuar 2006, attempting to produce the C2
back — no success CO, is underground but

~ cannot be produced
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Testing wells — likely flaws

12 cm No leakage

1700 m
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1952 oil production well was Production
retrofit as an observation well -
Well construction




Subsurface Monitoring Above
Injection Zone

* Closeto

perturbation

Quiescent relative
to the surface Aquifer and USDW

High signal to
noise ratio

Monitoring Zone :

Successful initial test of above
zone monitoring

Lower zone (C to B) detection of brine and/or
CO, leakage within the injection zone —
Tracer detection, elevated iron and dissolved
inorganic carbon. No free CO, detected
during wireline logging program

No tracer detection at surface.

Results from intermediate points pending (G.
Bromhal, NETL).

Follow-up program underway at Cranfield
Mississippi
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Perflerocarbon Tracer =
No Detection at the ®
i Stidace K

Portable lab
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