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Geological Storage of CO, in Canada
+ The Weyburn CO, Flood

Prediction of CO, Movement
Seismic Monitoring
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Ge0logicaliSTorage
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Sedimentary Basins

Depleted oil and
gas reservoirs

Coal beds

Oil/Gas
Reservoirs b

Saline
Aquifers

Saline aquifers

Gas hydrates™ Other

» Deep Ocean

- Marine sediments

* Arctic Canada, East and West Coasts
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ExamplestoinCOZVoIUmES

+ Average auto: 4 t/yr
- 98 Mt annually (Canada)

- 250 MW generator: 10 Mt/yr

* Weyburn Capacity (20-30 Mt)
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WCSB Storage - Estimates:

CO, EOR 450 MT
Depleted Reservoirs
QOil: 111 MT
Gas: 13,200 MT
ECBM 100,000 MT

Saline Aquifers 1,000,000 MT

900 m depth— supercritical gas
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Paskapoo Fm. Quaternary aquifer
Scollard Fm.

_ Horseshoe Cannyon Fm. NE

- _— Belly River Fm. _Mannville Group Bearpaw aquitard

— =T Belly River aquifer

Upper Cretaceous/Tertiary aquitard

ey

100 km Montana/Caolorado Group Aquitard

Newcastle auifer

Mannville aquifer

Coal-Bearing Strata

Jurassic aquifer

* Regionally extensive (100’s km)

Midale

e Large volume

 |solated by aquitards/aquicludes
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1. The TEA Weyburn Project




Study Region

.‘-; Alberta ,SYSfEh Model
> (10 km beyond EOR)
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South Dakota
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Co)|zery2s

Develop methods for monitoring CO, injection.

Improve reservoir characterization to enhance
conformance control and prediction .

Verify volumes of CO, in the subsurface.

Establish safety and containment of injected
CO,.
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Weyburn Research Th

Geological Characterization

Prediction, Monitoring & Verification of
CO, Movement

CO, Storage Capacity, Distribution &
Economics

Long-Term Risk Assessment
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Manitoba

of coal (lignite) gasification
Canada

- 95 mmscfd (5000 tonnes/day) USA

contracted and injected at

Weyburn North Dakota

- CO, purity 95%

EnCana currently injects 120
mmscfd (i.e. 21% recycle)
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Weyburn Field: Phase 1A EOR Area

Hz Producer

International V

0 25 5 km



e Reservoir (Fractured Carbonate)

Well Path

e

. Midale

|! Evaporite
_ I.l 2

1|l| l Midale

1 ”h l |JL IH' Vuggy

Anhydrite - Argillaceous - Vuggy Intershoal

Carbonate Limestone
. Marly - Vuggy Shoal Natural
Dolostone Limestone Fractures

Reservoir: 1450 m depth, <30 m thick, T=63°C, P=14 MPa

Anhydrite seal

Marly Dolostone: 6 m thick, 16-38% porosity, 1-50 mD perm
intern Vuggy Limestone: 17 m thick, porosity 8-20%, 10-300 mD perm




CO, & Oil

Frobisher

Vertical
Producer
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Fig. 4. Phase diagram for carbon dioxide.

Reservoir; T=63° C, P>15 MPa
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Pre-injection Prediction

WEYBURN PHASE 1A 9-PATTERN SIMULATION
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MenerRInGNIEEHRIGUES

* Production Data

+ Geochemistry of Production
Fluids/Gases

+ 3D Multi-component Time-Lapse
Seismic

* Passive Microseismic Monitoring

+ Soil Gas Sampling
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* P- and S-Wave

- pressure vs. saturation
- fractures (S-wave splitting)

+ Time delays & Amplitude differences
- vertical discrimination
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Weyburn Seismic
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onriorrz Proauciion=sSeismic
Comparison
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RMS
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AmplinudesAnomalieshainiiiesReEServoir

2000-2002

ol o

Area proportional to net volume of CO,
injected at time of monitor survey 1 km

shown in Fig. 5.2.3.3
Dual -leg horizontal production well
Dual -leg horizontal injection well

O  Vertical well
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Baseline Monitor 2
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Plan View.
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4. Volume Estiation
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First-Order Volumetrics

CSM
2000-2001

- 1—14
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Thickness=23 m
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Injector vol./CO2 vol. vol./CO2 vol.
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| Calculated vs. Actual CO, Volumes
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Summarys s Conclusions

Monitoring methods clearly show physical and
effects associated with CO, injection.

+  Seismic methods show robust time and amplitude
anomalies.

- P-wave amplitudes are highly sensitive o CO,-rich gas
phase at low levels of saturation (5-10%). good for
detection, but makes volume estimation difficult.

- Volumetric analysis of seismic anomalies: mean CO,
saturation of ~20%, similar to reservoir simulator results.

- Vp changes of up to 12%: mainly Sg with secondary P
effects (2-3%).

- Off-trend anomalies identify areas of CO, channelling.

- Sensitivity of amplitude response to upper reservoir

changes (Marly unit) allows partial discrimination of
vertical CO, distribution.
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SUMmary s Conclusions

- 1.4 million m3 (2500 tonnes) of CO, is the minimum detectable
amount using time-lapse surface seismic. This estimate may be
overly conservative by an order of magnitude.

- No evidence for CO, escaping from the reservoir. Based solely
on the seismic results, the maximum amount of CO, that may
have migrated above the reservoir is <2% of the total injected

volume.
- Contribute to more accurate reservoir flow simulations.

* Microseismicity is low level.
- 60 microseismic events with M=-3 to -1 during 6-months.

- Events associated with production/injection changes (e.g.,
water-to-gas) where pressure transients might be expected.

- Induced microseismicity is less than for water flooding that
has occurred for more than 30 years.
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