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Background

« Alberta Department of Energy
(ADOE) instituted a Royalty
Credit Program (2004)

» Royalty reduction for using CO,
In enhanced oil recovery

« UofC [CREWES] developed
seismic monitoring program
for one site.
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CO, EOR sites
* Apache at Zama

* Devon Energy at Swan Hills
* Penn West at Pembina
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Elements of a monitoring program

Baseline programs
(prior to injection)
o \Well analysis, well integrity
e Baseline geology and hydrogeology
o Observation well instrumentation
e Baseline seismic program
o Monitoring wells (groundwater)
e Soil and casing gas
o Core & reservoir fluids analysis
e Rock physics & well log suites



Elements of a monitoring program

Discrete monitoring

Timelapse seismic programs

Timelapse geochemistry (observation
and shallow monitor wells)

Well testing and tracers

Continuous monitoring

Geochemistry at production wells

Pressure/temperature at observation
well

Passive seismic program



Penn West Petroleum CO,-EOR Pilot
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Log suites
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Penn West CO,- EOR injection pilot
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Production wells

Observation well
Depth ~1650 m
BHP ~19MPa
BHT ~50°C

~ 800 m
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March 2005
70 t/day CO,
Depth ~1620 m
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Penn West CO,- EOR |nJect|on pilot
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Seismic applications in CO, storage

GOAL
Reservoir characterization Reservoir monitoring
geometry fluid substitution
impedance (/ = pl) pressure changes
petrophysical properties Al = (AVAp)
(A 4, P) AA, A, Ap
high effort 3D surveys 2D. 2.5D or

(expensive) low effort 3D surveys

(cheaper)



Multicomponent surface seismic
and vertical seismic profile (VSP)

@ surface seismic 3C receivers
P-S .
P-P observation
well (VSP)
P-down
P-down S up
Vp1, Vs1, pl P up

Vp2, Vs2, p2




Geology and well cogiirion

Ground Surface 0 n for Obs Well (100/7-11-48-9WW5)
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72 hours later ....
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Cementing the Observation Well

(a) Borehole with (b) Caculation of
mstrumentation in place prewash fluid
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Penn West CO, EOR Pilot
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Line 3 migrated P-P section
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Line 3 migrated P-S section
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Line 3 P-P & P-S correlation
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3D volume display [P-P]




Penn West CO, EOR Pilot
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Passive seismic record
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Discussion

Sparse 3D baseline surface seismic survey
completed successfully; good images

Observation well instrumented with geophones
- SOmMe Noisy elements

High fidelity VSP images obtained around
observation well

Passive seismic system recording, no significant
events over first 6 months

First monitor survey scheduled for December 18
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