
Monitoring CO 2 injection at 
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3,000 m depth
Gas cap, oil ring, downdip water leg
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Strong water drive
Returned to near initial pressure
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Talk outline

� Field Geology
� Reservoir architecture – stacked fluvial deposits
� Reservoir property

� Phase 2 Pressure Monitoring 

� Phase 3 Detail Area study 
� ERT (electric resistivity tomography) 
� RST (reservoir saturation tool)
� CASSM (Continuous active-source seismic monitoring)
� U-tube tracer monitoring  



Reservoir Characterization
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Reservoir heterogeneity from 
surface seismic

• Stratal slicing for facies

• 90-degree phase

• AVF for thickness/fluid

• AVO for fluid/OWC

Denbury 3-D survey interpretation by Hongliu Zeng, BEG
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Talk outline

� Field Geology
� Reservoir architecture – stacked fluvial deposits
� Reservoir property

� Phase 2 Pressure Monitoring

� Phase 3 Detail Area study 
� ERT (electric resistivity tomography) 
� RST (reservoir saturation tool)
� CASSM (Continuous active-source seismic monitoring)
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SECARB Phase III – Detail Aare Study

Above-zone
monitoring

DTS
System

ERT

CASSM

Press/Temp

Distrib
uted Temperature System
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Injector
CFU31 F1

Obs 
CFU31 F2

Obs 
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F1 F2 F3

Injection Zone

Above Zone Monitoring
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Phase III Observation  “Smart Well” Construction

Fiberglass non-conductive casing

Tuscaloosa DE

Electrical resistance tomography – 20 electrodes

Casing-conveyed pressure sensor

100’

200’

U-tube sampler
1/4 “SS

2 7/8” tubing

BHP+ T

Continuous seismic 
sources/receivers

Distributed temperature

BEG, LBNL, LLNL, USGS, ORNL, Pinnacle, QEA, Sandia Technologies 

Cross well array in two wells
High injection volumes
Far-field monitoring – tilt, microseismic, P&T, chem istry,  
surface seismic

INJ OBS1 OBS2



Crosswell ERT (Electric Resistance Tomography) 

(Charles Carrigan et al., 2010)
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Multi-Phase Technologies, LLCMulti-Phase Technologies, LLC
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Cross Well ERT – clues to how flow occurred

Charles Carrigan, LLNL  
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Wireline Formation Evaluation 
ELAN– RST (Reservoir Saturation Tool)

GR
Washouts

Resistivity
OH
Porosity Sigma

RST
Porosity

Perm

CO2 Volume

CO2
Saturation

RST
12/12/09

RST
12/15/09

RST
12/31/09

(Bob Butch) 

Measures gamma rays emitted from inelastic neutron scattering to determine C/O



What happened at the wells?
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Day 31
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Crosswell Continuous Active-Source 
Seismic Monitoring

2 sources, 10 Sensors deployed at 3.2 km, 130 °C
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Source(Tom Daley, Jonathan Ajo-Franklin) 
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Baseline Data Nov 2009:
Proved use of dual source

Continuous Active-Source Seismic Monitoring
Three Pump Tests 
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Oct 2009: Installed, used for monitoring microseismic and well 
pump tests; Sensors failed just before CO2 injection (Dec 1, 2009)

1           2   Days   3         4         5

(Tom Daley, Jonathan Ajo-Franklin) 



U-tube Monitoring (SF6, PFTs, noble gases)
Above-zone
monitoringInj Obs1 Obs2

Injection Zone

Above Zone Monitoring

10,500 feet BSL

U-Tube surface 

control system



12/1/09    12/5/09      12/9/09    12/13/ 09    12/17/09   12/21/09    12/25/09    12/ 29/09    1/2/10 

Injection started
at 12/1 8:40 am
Injection started
at 12/1
175kg/min 

CO2-F2

CO2-F3

CH4-F2

CH4-F3

Arrival at F2
on ~ 12/12 

~ 12d
Arrival at F3 
on ~12/15

~ 15d



Fluvial Depositional System
– vertically stacked fluvial point bar 

and channel deposits 
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Galloway 1983

Meander fluvial model

(Hongliu Zeng)

� CO2 injection rate = 275kg/min
Flow rate (F1� F2) / (F1� F3) = 

0.66

� Injection rate increase to 488 
kg/min (77% increase)

Flow rate increase (F1� F3): 117% 
Flow rate increase (F1� F2): 59%

� SF6 detected/injected: 0.03
Ky detected/injected= 0.3
SF6 lost? 
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Change in Distributed Temperature
CFU31 F3
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Interim Conclusions of Cranfield Test

• Phase III 1 million ton/year rate achieved Dec 20, 2009; 
2.2 Million tones monitored since July 2008

• Rate to be maintained >15 months

• Monitored with standard and novel approaches
– Above-Zone pressure monitoring 
– Fluid flow measured/monitored with multiple tools in complex 

flow field
– First US application of Electrical Resistance Tomography (ERT) 

for CS
– Quantification of fluid flow

• Export to commercial EOR/CCS projects


