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Experimental QuestionsExperimental QuestionsExperimental QuestionsExperimental Questions
Can we measure the  
change resulting fromchange resulting from 
putting CO2
underground? Monitoring

Verification
Can we predict  the 
change over time? Modeling

Is the CO2 stored safely 
underground?

Provide useful information to next tests and deployments



Food grade CO2

Frio Brine Pilot Frio Brine Pilot 
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Understand what you inject intoUnderstand what you inject into
CT Scan
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Yes, we can predict and measure Yes, we can predict and measure 
h h COh h CO d dd dwhere the COwhere the CO22 moves undergroundmoves underground

Measured  with 
cross well tomography Predicted with computer model cross-well tomography 
and wireline logs

p
TOUGH2

Tom Daley and Christine Doughty  LBNL



Measurement at a Well:Measurement at a Well:
Saturation logging (RST ) Observation well to measureSaturation logging (RST ) Observation well to measure

changes in COchanges in CO saturationsaturation –– match to modelmatch to modelchanges in COchanges in CO22 saturation saturation –– match to modelmatch to model

Lithology

DEPTH
FEET

RST gas sat

Model gas sat.
V/V1 0

RST gas sat
V/V1 0

RST gas sat
V/V1 0

RST gas sat
V/V1 0

RST gas sat
V/V1 0

RST gas sat Log porosity

Model porosity
V/V0.4 0

Model perm
mD10000 1

Day 4 Day 10 Day 29 Day 69 Day 142 Day 474
Model gas sat. Model gas sat. Model gas sat. Model gas sat.

Lithology
V/V0 1

5010

5000

RST gas sat.
V/V1 0

RST gas sat.
V/V1 0

RST gas sat.
V/V1 0

RST gas sat.
V/V1 0

RST gas sat.
V/V1 0

RST gas sat.
V/V1 0

Log porosity
V/V0.4 0

5010

5020

5030

5040

Shinichi Sakurai, Jeff Kane, Christine Doughty

5050



Phase Trapping Phase Trapping –– the power of the power of 
capillary pressurecapillary pressure
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January 2006, attempting to produce the CO2January 2006, attempting to produce the CO2
back – no success.  CO2 is underground but 
cannot be produced



Chemical Changes During InjectionChemical Changes During InjectionChemical Changes During InjectionChemical Changes During Injection
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Unexpected result Unexpected result –– extra iron extra iron 
d i b id i b iand manganese in brineand manganese in brine



Geochemical Simulation vs. Lab Geochemical Simulation vs. Lab 
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Grain coatings Grain coatings –– early actors in geochemistryearly actors in geochemistry
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Perflorocarbon Tracer = Perflorocarbon Tracer = 
No Detection at theNo Detection at theNo Detection at the No Detection at the 

SurfaceSurface

Praxair Seeper Trace



Cranfield test: Subsurface Cranfield test: Subsurface 
M i i Ab I j i ZM i i Ab I j i ZMonitoring Above Injection ZoneMonitoring Above Injection Zone
• Close toClose to 

perturbation
• Quiescent relative

Atmosphere
Biosphere

V d & il• Quiescent relative 
to the surface
Hi h i l t
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Observation wellRealReal--time Pressure monitoring at time Pressure monitoring at 
CranfieldCranfield

WellSatellite Well
uplink

Surface &Surface & 
downhole data 
collected every 
minute and 

l d d 10uploaded every 10 
minutes to 
website. Sandia Technologies, Pinnacle, BEG 2009
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SACROCSACROC-- testing fresh water testing fresh water 
after 35 years largeafter 35 years large--scale injectionscale injectiony gy g jj

Smyth, BEG 2009



pH Along Transects Across SACROC fieldpH Along Transects Across SACROC field
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What can we say from these tests What can we say from these tests 
b “I CO2 f l S d?”b “I CO2 f l S d?”about “Is CO2 safely Stored?”about “Is CO2 safely Stored?”

• Permanence of trapping – phase 
trapping limits movement of CO2trapping limits movement of CO2

• Wells are weak points – but in two 
areas studied this year with manyareas studied this year with many 
wells, no evidence that leakage has 
occurredoccurred



ConclusionsConclusionsConclusionsConclusions
Can we measure the  change 
resulting from putting CO2

Yes, the tools tested have 
worked better than expectedresulting from putting CO2 

underground?
worked better than expected, 
confidence is increased.

Yes numerical modelsCan we predict  the 
change over time?

Yes, numerical models 
have worked  correctly, 
confidence is increased.

Is the CO2 stored safely 
underground?

So far yes, becomes more 
rigorous as we test larger 
scale over longer periods.

Work so far has helped prepare for next larger, longer tests, 
which are underwaywhich are underway


