






Elastic property changes of bitumen reservoir during steam injection 
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3.  T ≥ 25 ˚C  (at Ppore = 700 psi) 
     The Gassmann equation can predict velocity changes. 
     Fluid properties are based on the FLAG program. 
 
Sequential Elastic Property Changes 
 
To understand elastic property changes of the oil sand 
reservoir during steam injection, we represented the 
sequential reservoir conditions using 23 steps (Figure 5). 
Pore pressure change is caused from step 1 to 5 followed 
by temperature change from step 6 to 23. In addition, 
adjacent to the injector well, bitumen is replaced by hot 
water at step 18 and water phase changes from liquid to 
steam at step 21. 
 
  Step 1–5   : pore pressure increases (from 300 to 700 psi) 
  Step 6–23 : temperature increases (from 10 to 300 ˚C) 
  Step 18     : bitumen is replaced by hot water at 200 ˚C  
  Step 21     : phase changes from liquid to steam at 260 ˚C 
 
Assuming that the sonic P- and S-wave velocities at the 
initial condition (step 0) are 2.4 km/s and 1.0 km/s 
respectively, the seismic velocities at step 1 are calculated 
by applying the average velocity dispersion (Figure 5 and 
6). The P- and S-wave velocities decrease in the first 
pressure change from step 1 to 5. In the temperature 
increase from step 5 to 8, the P- and S-wave velocities 
decrease and the Vp/Vs ratio significantly increases 
because amount of decrease of the S-wave velocity is 
relatively larger than the P-wave velocity. After step 8 (25 
˚C), the P-wave velocity continues to decrease while the S-
wave velocity remains virtually constant (because shear 
modulus is constant). At step 18 (200 ˚C), where the 
movable bitumen is largely replaced by the hot water (Sw 
from 20 % to 80%), the P-wave velocity slightly increases 
because the hot water has a faster P-wave velocity than one 

of the bitumen. Finally, the water phase changes from 
liquid to steam at step 21 (260 ˚C), leading to significant P-
wave velocity drop (while the S-wave velocity slightly 
increases because of density decrease).  

 
Figure 6: Crossplot between Vp and Vs based on the 
conditions of Figure 5. 
 
Conclusions 
 
We measured and analyzed the ultrasonic velocities of the 
oil sands cores acquired from the SAGD operation area and 
constructed the sequential rock physics model. The 
practical method for calibrating the velocity dispersion was 
proposed. The elastic property changes induced by the 
steam injection were predicted.  
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Figure 5: Sequential P- & S- wave velocity and Vp/Vs ratio changes induced by steam injection. 
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