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1. The IEA Weyburn Project
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Weyburn Field: Phase 1A EOR Area

Producing  Fm.Producing  Fm. Mississippian,Mississippian, MidaleMidale
Discovered:Discovered: 19541954
Area:Area: 70 sq. miles 70 sq. miles 
Current oil rate:Current oil rate: 22,000 BOPD22,000 BOPD
Number of wells:Number of wells: 1072 total1072 total
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OOIP:OOIP: 1,400 1,400 MMbblsMMbbls
Cum. Prod. (02/01): Cum. Prod. (02/01): 360 360 MMbblsMMbbls
Total recovery to date:Total recovery to date: 26%26%
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Weyburn Field: Phase 1A EOR Area



The Source of  CO2

• Dakota Gasification 
Company

• 250 mmscfd CO2 by-product 
of coal (lignite) gasification

• 95 mmscfd (5000 
tonnes/day) contracted and 
injected at Weyburn

• CO2 purity 95%

• EnCana currently injects 
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The CO2 Flood
Figure 4.2.2
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Objectives

• Test and develop methods for monitoring CO2
injection.

• Enhance conformance control through improved 
reservoir characterization and prediction.

• Verify volumes of CO2 in the subsurface.
• Establish safety and containment of injected 

CO2.



2. Pre-Injection Prediction



Pre-injection Prediction 1



Pre-injection Prediction 2

CO2 Saturation



Pre-injection Prediction 3
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3. Monitoring of CO2 Movement 
and Effects at the Reservoir



Monitoring Techniques

• Production Data
• Geochemistry of Production 

Fluids/Gases
• 3D Multi-component Time-Lapse 

Seismic
• Passive Microseismic Monitoring 
• Soil Gas Sampling



Monitoring Schedule
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Production Data
Weyburn EOR CO2 Injection
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Geochemistry of Production Fluids

Average values of selected geochemical parameters for the 
Weyburn pilot injection area.



Injected CO2 and Reservoir Reaction 
Follow the Vuggy

31 months31 months
Ca Distribution δ 13C Distribution

Injected CO2 dissolution 
(decreasing δ13C in produced 
fluid)

V2+V3
Vuggy Shoal

Calcite and dolomite 
dissolution increases the Ca2+

and Mg2+

concentrations in produced 
fluids.



Time-Lapse Seismic

• P- and S-Wave
• Time delays
• Amplitude differences



Monitor 1 and 2 Time delay map
a) Time delay map at 1300 ms

Monitor 1: 2001 - 1999
b) Time delay map at 1300 ms

Monitor 2: 2002 - 1999



Monitor 2 (2002-2000) Amplitude 
difference at Marly
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Area proportional to volume of CO2 
injected at time of monitor survey

Dual-leg horizontal production well

Location of horizontal crosswell survey 
shown in Fig. 4
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S-wave and Geochemical Anomalies



Microseismicity: Plan View



Soil Gas Survey

Injection Site: detailed 
sampling over 3 years

Remote background Site
Potential pathways: 

abandoned wells, river 
lineament, and salt collapse 
structure

Is CO2 leaking to the 
surface?



Other Sites

•CO2, O2 and CO2 flux values in 
the range of natural soils

•Injection site has similar 
statistical distribution to 
background site.



4. Verification & Improved 
Prediction



Preliminary Volumetrics

Injector 
Area

2001 Seismic 
vol./CO2 vol. 
Ratio

2002 Seismic 
vol./CO2 vol. 
Ratio

1 0.53 0.55
2 0.78 0.58
3 0.56 0.51
4 0.34 0.39

Total 0.51 0.49



CO2 distributions from Seismic and Simulator, 1st iteration 
(Monitor 2 Survey)
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Seismic to Simulation comparison
1st iteration (Monitor 2 Survey)



Pattern 06-13-006-14W2 Monitor 
Amplitude Difference for Marly Unit 

Only



Marly CO2 Saturation for Rev 0 Model



Improved history match

191/11-13-006-14W2/00 - OIL PRODUCTION RATE, SM3/D

0

5

10

15

20

25

Jan-2001 Jul-2001 Feb-2002 Aug-2002 Mar-2003 Sep-2003

O
il 

R
at

e,
 S

M
3/

D

SIM OIL RATE, BASE HISTORICAL WCUT SIM OIL RATE, FINAL

HISTORICAL

BASE RUN

FINAL RUN

191/11-13-006-14W2/00 - WATER CUT, FRACTION

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Jan-2001 Jul-2001 Feb-2002 Aug-2002 Mar-2003 Sep-2003

W
at

er
 C

ut
, F

ra
ct

io
n

SIM WCUT, BASE HISTORICAL WCUT SIM WCUT, FINAL

BASE RUN

FINAL RUN

HISTORICAL

PATTERN 06-13-006-14W2 IMPROVED HM - Oil Rate

PATTERN 06-13-006-14W2 IMPROVED HM - Water Cut

Water

Oil



Net CO2 injected vs seismic estimate
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Summary & Conclusions

• Soil gas levels over the injection area are normal; 
no evidence for escape of injected CO2 from depth.

• Monitoring methods clearly show physical and 
chemical effects associated with CO2 injection.

• Geochemistry: chemical processes observed show 
good spatial correlation with the highest CO2 
injection volumes and with seismic. Processes 
include: 
• CO2 dissolution into reservoir brine.
• Reservoir carbonate mineral dissolution.
• Increase in total dissolved solids in reservoir brine.



Summary & Conclusions

• Seismic methods show robust time and amplitude anomalies.
• Fractional velocity changes of up to 12%: mainly Sg with 

secondary P effects (2-3%).
• No evidence for significant CO2 escaping from the reservoir.
• Provide volume estimates currently accurate to ~20%.
• Illuminate zones of enhanced flow (fractures?).
• Contribute to more accurate reservoir flow simulations.

• Microseismicity is low level.
• Magnitudes of –3 to –1 are detected.
• Onset associated with start of CO2 injection.
• Located in vicinity of the reservoir.
• May track flow of gas to nearby producer.
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