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Heavy oil and tar sands resources comprise about 70 percent of the world's oil reserves and this 
reservoirs can offset the declining production from conventional reservoirs. Thermal enhanced oil 
recovery (EOR) methods are employed to exploit the huge reserves of heavy oil due to their high 
viscosity values. Thermal processes aim to increase its mobility in order to improve its production. 
Among these methods, the steam-assisted gravity drainage (SAGD) is one of the most efficient 
techniques. In this method, two horizontal wells are drilled and hot steam is injected from a well to 
move oil toward the other well. Optimization of operating parameters during this process is very 
important.  The injection rate or  pressure control  of  wells  are the most  common EOR methods.  In this  
paper for the first time, in addition to the injection rate of the injector and production wells, the steam 
injection temperature is also optimized. It was shown that there is an optimum amount for the 
temperature of injected steam. In addition entropy generation analysis was performed for different 
cases. To simulate the process, a commercial software was used and optimization of operating 
parameters is performed using the pattern search algorithm. Entropy generation calculated based on the 
results of numerical simulations using a computational code has been written for this case. The results 
show that the maximum oil production corresponds with the minimum entropy generation number and 
thus the entropy number can be used as an appropriate objective function in order to enhance oil 
recovery. 
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Fig. 1 SAGD mechanism shown in the cross section of a well pair[4]. 
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Fig. 2 Pattern search algorithm performance [37] 
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Fig. 3 The reservoir model 
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Table 1 Reservoir rock and fluid thermal properties 

c (1/kPa) k (W/mK)    
3.3×10-6 5.36×104   

4.49×10-6  1.15×104   
4.49×10-6  3200    
8.7×10-5  6.6×105      

 

2 CMG-STARS 
3 History matching
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Fig. 4 Oil-water relative permeability 
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Fig. 5 Oil-gas relative permeability 
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Fig. 6 Cumulative oil production comparison  
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Fig. 7 Cumulative oil production in different cases 
 7    

Sw

k r-r
el

at
iv

e
pe

rm
ea

bi
lit

y

0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

krw
krow

Sg

k r-r
el

at
iv

e
pe

rm
ea

bi
lit

y

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

krg
krog

Time (day)

C
um

ul
at

iv
e

oi
lp

ro
du

ct
io

n
(m

3 )

0 1000 2000 3000 40000

100000

200000

300000

400000

500000

Sengel [38]
Present work

Case number

C
O

P

1 2 3 4 5
150000

155000

160000

165000

170000

175000

180000

185000

190000

(m
3 )



    

    )SAGD(    

13951610  399  

2   
Table 2 Cumulative oil production for different cases 

Case 5  Case 4  Case 3  Case 2  Case 1    
350  315  290  260  220  Tinj(°C) 

302  286  225  143  80  Rateinj  

397  389  381  317  238  RatePro  

169  174  186  168  153  COP×10-3  
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Case 5 

Fig. 8 Temperature distribution (°C) for different cases 
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Fig. 9 Oil saturation distribution for different cases 
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Fig. 10 Oil production rates for the 5 different cases 
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Fig. 11 Water production rate for the 5 different cases 

11  

  
Fig. 12 Cumulative oil production for the 5 different cases 
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Fig. 13 Cumulative water production for the 5 different cases 
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Fig. 14 Total entropy generation distribution for different cases after 4 
years(Jm-1K-1) 
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Fig. 15 Convergence history of target function with two algorithms 
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Fig. 16 Comparison of variations of entropy generation number and 
COP 
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