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The Penn West Project Is

» A pilot project that injects CO, into the
reservoir for EOR and sequestration
PUIrPOSES.

e Uses an innovative surface and borehole
seismic program that has been designed to
monitor injected CO..
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CO, injection for EOR and sequestration

CO, isdelivered by tanker truck from a gas
plant 50 km away

Supercritical CO, isinjected
— At arate of ~ 70 tonnes/day at ~ 20 MPa

The average Canadian produces ~5 tonnes
of CO, per year
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o Monitor well equipment was installed in
February 2005

— 8 geophone arrays
— 6 pressure/temperature sensors
— 2 fluid sampling ports
¢ Baseline seismic survey was acquired in
March 2005
 CO, Injection commenced the next week
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Higher frequency bandwidth than surface

selsmic data

— Results in higher vertical and horizontal
resolution near the monitor well

Provides a correlation between the time
Indexed surface seismic and the depth
Indexed well logs

Information gained from the V SP can be
used to Improve surface selsmic processing

— Velocities, Q Estimation, anisotropy analysis
Allows for passive seismic monitoring
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o Time-lapse surveys are required
— To monitor the CO, flood in the reservoir
— To look for |eakage pathways in the overburden

 First monitor survey was acquired in
December 2005

o \EXxpect to acquire a second monitor survey
In early 2007



* Properties expected to change:

— P-wave velocity at the reservoir

— Fluid composition as the CO, is injected
e EXxpected salsmic response:

— Increased travel times

— Change in reservoir amplitudes
» Geophone array Isfixed

— Can be used to calibrate source variability and
overburden travel times between the surveys



* Repeatability Is affected by source-recelver
geometries, consistency of the source
signature, and shot-generated noise

e Selsmic noise Is often caused by subsurface
heterogeneities

¢ .Repeating source-receiver geometries
allows the noise to the replicated and
differenced away
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Line 2 All Shets: Monitor
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Line 2 All Shots: Difference
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Line 2 Repeated Shots: Difference
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Finite Difference M@delling: Baseline
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Finite Difference M@delling: Monitor

um« Wﬂ Iﬂ» mmmm; e

" il g ||mummn

i - | || o »»nummmnm»mmm 3 Lq.,_
ol l«m«u N |

Ime ()




Finite Difference Modelling: Difference
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P-wave Results Line 2: Basdaline

-200 -100 0 100

oss| S S T

Cardlum Event

T e }'lw ’.,1 : r ___________________ __________________________________________________________________

1 02 ..................... ...........

Time(s)

1.04 ..................... .............................................. : Ad g B LIEL L LR YRS . e

1.06 | i ' O A S A R R A A RN AR | .................................................

““"“ _____________________________

|




P-wave Results Lithe 2: Monitor
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P-wave Results Line 2: Difference
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« Amplitude increases correlate directly to the
Cardium event

o Excellent datarepeatability
— Selsmic traces, amplitude & phase spectra
e Small time shiftsin the crosscorrelations

— Traved times at base of the reservoir show a
systematic increase of 0.2 ms



Shot repeatability is extremely important

P-wave amplitudes at the Cardium on Line
2 have increased since the baseline survey

Comparison of the datasets, amplitude &
phase spectra, and crosscorrelations indicate
an excellent tie between surveys

Expect to see increased time-lapse effects
on the next survey as the volume of CO, In
the reservoir increases



 Instrument entire well with geophones

— Will provide high resolution images of the
reservolr and overburden around the well

e May want geophone arrays in several wells
in the field

— Merge the volumes for laterally extensive
coverage

e Potentially instrument production or
Injection wells
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S-wave Results Line 2: Basaline
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S-wave Results Lixie 2: Difference
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Comparison of Phase Spectra
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