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0 13 Gt/y CO, = 280 MBbl/day
1990 2010 2030 2050 25 Gt/y CC)2 ~ 540 MBbl/day
(Edmonds, 2004) Oil: 77 MBbl/d Oil Prod (2003)




Coal consumption
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Comparison of fuels

Source

Price / Std unit
$

Cost / emit. CO,
$ /ton CO,

E / kg CO,
MJ/ kg CO,

Oil

50 / Bbl

122

14.8

N. Gas

7 | Mscf

123

19.5

Coal (Bit)

26.2 / ton

10.7

Electricity

50 / MW-hr

155
Bit. coal plant

0O Sequestration cost must be $15 / ton CO, or less




CO, and relevance to
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Technologies for CO2 sequestration

O

O Geological sequestration
— Geology services ...(logging/evaluation, characterization, caprock integrity)
— Monitoring services
» Seismic, electrode arrays, gravity
» CO2 sensors
Reservoir simulation / modeling / economics
Well completions, services, and stimulation
» Acid/Fracture treatments
» Optimal well construction
» Wellbore isolation: cementing

O Infrastructure




CO2-related R&D in Schlumberger
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Technologies in Field Projects

O Seismic

O Logging, reservoir evaluation

O Monitoring, CO2 dissipation, containment
O Wellbore isolation

0 Simulation
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Reservoir Evaluation




The Mountaineer Plant

1.3 GW pulverized-coal unit
— By barge/rail

8 Mton/y of CO,

NO, removal installed

SO, removal planned for future
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Can we monitor CO,?

2

18} Velocity

\ Compressional
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O Change in acoustic velocities, impedance < 8%




Monitoring Experiment — Frio




The location

Pilot site

Power plants

Industrial sources




Very modern facilities




TOUGH2 Model
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Pulsed Neutron Monitoring

Sigma vs CO2 Saturation at 100ppk Brine
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Temperature-Boreholesali
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Monitoring vs. Simulation

LBNL + Schlumberger







Area Well Data (Meigs County)

Qil and Gas YWells in beigs County
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Easting (ft)




Portland cement reactions with CO,

COy + HO =——— HpCO3 =~—— H* + HCO3~

Ca(OH), + H+ + HCO3—~ ——> CaCOj3 + 2H»0

C-S-H phase + H* + HCO3— ——>» (CaCO3 + amorphous
silica gel

COy + HyO + CaCO3 —* Ca(HCO3),

Ca(HCO3)y + Ca(OH)y =<—== 2CaCO3 + H,0




Well Integrity

0O Portland cement is unstable thermodynamically (moist CO, )
O Industry specifications—lacking

O Development of standard testing conditions




leaction




Simulation




Contour plots of CO2 saturation contd
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External Participation

O GCEP at Stanford, CA, USA

O IPGP, France

— Mineral sequestration

O CO2CRC, Australia

— Field Projects
— Consortium

O TxEC




Can the Oil and Gas Industry Help

Planning and operation is analogous to oil & gas
— Upstream and downstream roles are reversed

Size and scope of CO, sequestration is vast
— Cost reduction is essential

Safety and public trust is vital

How is it going to be paid?
— Trading based on caps?
— Carbon tax?






