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Summary 

SAGD (steam assisted gravity drainage), which reduces the viscosity of heavy oil by steam 
injection, is the main heavy oil recovery process used in Canada. However, with the introduction 
of carbon emission limitation schemes, stricter environmental regulations and low global oil prices, 
solvent-based heavy oil recovery processes have been proposed as more economical alternative 
recovery processes. Relative permeability changes in real time during a recovery process have a 
significant impact on an oil recovery rate. There is a consensus that a relative permeability curve 
is affected by temperature in SAGD. Usually, a relationship between temperature and relative 
permeability is an important feature when the saturation of connate water increases. The 
discussion of relative permeability changes during solvent-based injection for oil recovery has 
tended to focus on n-alkanes because they are still the dominant injected solvents. Recently, 
DME (dimethyl ether), a slightly water-soluble solvent, has been investigated for use in heavy oil 
recovery (Sheng et al., 2018). DME has shown high economic value in both ES-SAGD (expanding 
solvent SAGD) and VAPEX (vapor extraction) due to its slightly water-soluble properties. This is 
attributed to high recovery and high production rates of DME due to its mass transfer between 
the oil and water phases. However, the current study of DME is still limited to a mass transfer 
mechanism, and the effect of its solubility on a relative permeability curve has not been studied.  
 
This work presents results of an ongoing DME injection study for heavy oil recovery. Compared 
with a conventional solvent (e.g., butane) for heavy oil core flooding displacement, relative 
permeability alteration has been inversely updated from a DME core flooding experiment. A water-
soluble solvent effect on relative permeability has been comparably studied. Focusing on relative 
permeability alteration, the primary objectives are to determine the relative permeability changes 
during a water-soluble solvent injection and its effect on oil recovery performance.  
 

Theory / Method / Workflow 

The core displacement data is taken from reliable reports of Alberta Innovates displacement 
experiments, and the experimental setup is shown in Figure 1, with a 45-degree inclined core 
arrangement simulating a boundary layer flow. A fully reproducible numerical model is built to 
describe the experimental butane and DME replacement processes. There are two different 
approaches to translating the production data and pressure drop data into the relative permeability 
curves known as the “implicit approach” and “explicit approach”. The history matching technique 
implicitly computes a relative permeability curve. The explicit approach can only be used for 
measured data after obtaining a breakthrough time and generating a part of the relative 
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permeability curve; however, this issue does not occur in the implicit approach. The history 
matching technique is an optimization problem in which the relative permeability curves are tuned 
until the calculated oil production from reservoir simulation matches the experimental data as 
closely as possible (Chen et al., 2006). The history matching based on such experimental data is 
commonly used in the literature (Esmaeili et al., 2020). Therefore, an objective function must be 
chosen carefully and optimized in the history matching technique. In the present study, an in-
house reservoir simulator was developed, and a generalized Corey relative permeability model 
was employed to compute the oil and water relative permeability. A fully implicit scheme with the 
finite difference method was employed to discretize the governing equations. The gravitational 
force, fluid compressibility and thermal expansion are also considered in our reservoir simulator. 
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Figure 1. Assembled test apparatus 

(Deng et al. 2017) 
Figure 2. A core-scale numerical model  

 

Results / Observations / Conclusions 

 
In this study, DME was compared with conventional butane as a solvent for core flooding 
displacement. The changes in the relative permeability curves, as shown in Figs. 3-6, were 
implicitly obtained by history matching after DME and C4 solvent injection. Although the physical 
properties are relatively similar, DME has a faster and higher production rate with its water-soluble 
characterization. A change in a relative permeability curve shows that the residual oil saturation 
decreases after butane flooding, but its effect on water relative permeability is not significant. In 
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contrast, DME is slightly soluble in water and its swelling leads to an increase in the connate water 
saturation, which results in more residual oil being squeezed out and a greater reduction in 
residual oil. This is another advantage in addition to the excellent mass transfer mechanism of its 
water solubility.  
 

 

 

 

 
Figure 3. History match of butane core flooding simulation 

 

Figure 4. History match of DME core flooding simulation 

 
 

 
 

Figure 5. Inversely updated relative permeability by history 

match of butane core flooding 

Figure 6. Inversely updated relative permeability by history 

match of DME core flooding 
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Novelty / Additional Information  

In this study, the effect of a water-soluble solvent on relative permeability curves is presented for 
the first time, and the changes in relative permeability curves after core flooding are obtained 
implicitly by historical matching. This study provides a realistic representation of a multiphase flow 
regime of this water-soluble solvent in heavy oil recovery. The results show that the water-soluble 
solvent not only provides higher production rates but also have a stronger sweeping effect on 
residual oil in micro-repellency compared to conventional solvents. This study provides important 
parameters and a solid foundation for numerical simulation, dynamic prediction, and an effect 
evaluation of water-soluble solvents on the development of heavy oil resources. 
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