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Abstract: The optimized operation model of the oilfield water injection system which optimized to the water injection 
station was established in this paper, and the objective function of the model made minimum energy consumption of the 

water injection station, the constraint of the model made hydraulic balance of the system, the balance of water 

consumption and the balance of injection pressure. The complex method was used to solve the model in this paper, the 

feasibility of the algorithm was verified by an oilfield water injection system, and better optimization results were 

obtained. 
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INTRODUCTION 

The oilfield water injection was a wide range of oilfield development and secondary oil recovery at home and 
abroad, but after the oilfield development to middle, power consumption had accounted for oilfield water injection more 

than 40% of the total power consumption, and with the increase of water cut in the crude, power consumption would be 

increased dramatically, so how to make operation optimization of oilfield water injection system had become a problem 

that needed to solve urgently in oil field production. The operation optimization of the oilfield water injection system was 

a problem that determined the opening and operating parameters of injection pumps in the given situation, so that the 

system could meet the requirements of injection system and reduce energy consumption. This paper studied the operation 

optimization of the oilfield water injection system, solved the constrained optimization problem by complex algorithm, 

and obtained good optimization results. 

 

THE COMPLEX ALGORITHM 

Complex was the polyhedron which was composed of 1 2n k n    vertexes in n  dimensional space. The idea 

of the complex algorithm[3,4, 5] was from the simplex algorithm of unconstrained optimization, the iterative process of 

the complex algorithm was as follow: first k  vertexes were chosen as the vertexes of the initial complex in the feasible 

region, then the objective function value of the chosen vertexes were compared, at last the worst vertex which had the 

largest objective function value was removed, and the new complex was composed of reflection point of the worst vertex 

and other vertexes. Repeat the above process, the process made that the position of the complex get closer to the optimal 

point. If convergence precision was reached, then the vertex of the smallest objective function value was taken for the 

approximate optimal vertex in the last complex. Complex Algorithm[3,4,5] was as follows: 

(1)Given the number of the variable n , variable range ),,2,1(, niba ii  , the number of the complex vertexes k

, required accuracy  , ; 

 

(2)Generated the initial complex; 

(i)Generated the first vertex 
(1)X  of the initial complex, checked 

(1)X  whether it was feasible, if not feasible, 

regenerate random the first vertex 
(1)X , until 

(1)X  was feasible; 

(ii)Randomly generated other vertexes 
(2) (3) ( ), , , kX X XL of the initial complex, checked the feasibility of 1k   

vertexes; if 
( 1)qX 

was not in the feasible region, then it would be transferred to the feasible region, the method was as 

follows: found the center of q  vertexes which were in the feasible region as follows:  
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( ) ( )

1

1 q
D j

j

X X
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Produced new 
( 1)qX 

 according to the following formula  

                   ( 1) ( ) ( 1) ( )0.5q D q DX X X X     

If 
( 1)qX 

 was not feasible, iterated again according to the above formula, until 
( 1)qX 

 was feasible; in 

sequence to check for 
( 2) ( ), ,q kX X L , if one was not feasible, it would be called in the feasible region according to the 

above method; the initial complex was formed in the feasible region, until all vertexes were feasible. 

 

(3) Calculated objective function values of each vertex in the complex, found out the worst vertex 
( )HX  and the 

best vertex 
( )LX  according to the following formula. 

                     ( ) ( ) ( ): max , 1,2, ,H H jX f X f X j k  L          

                     ( ) ( ) ( ): max , 1,2, ,L L jX f X f X j k  L  

turned to step (8). 
 

(4)Calculated the center of other vertexes except the worst vertex according to the following formula; 

( ) ( )

1

1

1

k
C j

j

X X j H
k 

 

  

 

(5)Checked the feasibility of 
( )CX , if 

( )CX was not feasible, then returned to step (2); If 
( )CX  was possible, 

turned to step (6); 

 

(6)Calculated mapping point  ( ) ( ) ( ) ( ) , 1.3R C C HX X X X     ,checked whether 
( )RX  was in the 

feasible region; if 
( )RX  was in the feasible region, turned to step (7); Otherwise, recalculated the mapping point 

( )RX , 
if the new mapping point was still not in the feasible region, repeat the above process.   

 

(7)Compared the objective function value of the mapping point and the worst vertex, formed a new complex. if 

   ( ) ( )R Hf X f X ,then
( ) ( )H RX X ,formed a new complex, returned to step (3); otherwise 0.5  ,returned 

to step (6);after several iterations, if
510    ,and the mapping point couldn’t be better than the worst vertex, found 

out the worse vertex in the complex , namely 

    ( ) ( ) ( ): max , 1,2, , ,SH SH jX f X f X j k j H  L  

and 
( ) ( )H SHX X ,turned to step (4); 

 

(8)Checked whether it met the terminating condition, if satisfied    

1

22
( ) ( )

1

1 k
j L

j

f X f X
k




 
    

 
 , and 

then    * ( ) * ( ),L LX X f X f X  , output the optimal solution; Otherwise, return to step (3). 

 

THE ESTABLISHMENT OF THE MODEL AND THE PROCESSING OF CONSTRAINT CONDITION 
The purpose of the optimized operation of the oilfield water injection system was minimum energy consumption of 

the system, when the opening and the quantity of each pump were determined. At present there were two main 

optimization models, one was optimized to water injection pump station, and then optimized to every pump; another was 

directly optimized to every pump. This paper used the first optimization model, and optimized results of the pump would 

be calculated according to the data of the pump station. 

 

The model [1,2] of optimized to the pump station was as follows. 
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Where   was conversion factor, m  was the number of the water injection pump station, iP  was the node pressure 

of water injection pump station i ,the unit was m; iu  was the flow of water injection pump station i ,the unit was sm /3

; n  was the number of the node; ip  was the pressure of node i , the unit was m; iu was the injection rate of node i , the 

unit was sm /3
; iQ  was the water consumption of node i ,the unit was sm /3

; ip   was the node pressure of water 

injection well i ,the unit was m; pn  was the number of the water injection well; X  was the number of the water 

injection pump station. 

 

The processing of constraint condition 

(1) Constraint condition 
1/

sgn( ) 0
i

i i ij i j i j

j I

u Q s p p p p




       and 
min

i ip p   which had been 

satisfied in the static simulation algorithm were not considered separately. 

(2)Because the position of each vertex represented the displacement of water injection pump station in the complex 

algorithm, so constraint condition 



n

i

i

Xi

i Qu
1

 was translated into 

1
max

1 1 1

n m n

i m l i

i l i

Q u Q


  

      which could 

constrain the displacement of 1m  pump stations and determinate the displacement of the last pump station by







1

11

m

l

l

n

i

im Q  , where 





1

11

m

l

l

n

i

im Q  ensured that the system's total water supply was equal to the total 

water injection of injection Wells. 

 

SIMULATION EXAMPLE 

The water injection system of an oilfield which was as an example was checked calculation. The water injection 

system had seven water injection stations, 98 nodes, 131 pipelines, and the total water injection of the water injection 

system was
32136 /m h . The complex algorithm was solved the model, where the number of the variables was 6n  , 

the number of the vertexes was 2 12k n  , changing range of the variables was  200,500 , the reflection coefficient 

was 1.3  , the stop condition was    ( ) ( )

1

1 k
j L

j

f X f X
k




  
  . Optimization results of the pump 

displacement was showed in table 1 by the complex algorithm, and the objective function value of the system was 

228621 /kw h d by the data of table 1, the objective function value was 238651 /kw h d  by the actual production 

displacement, the above results showed that the objective function value which was calculated by the complex algorithm 

decreased 10030 /kw d h ,and the results of the complex algorithm was superior to the results of the pattern search 

algorithm[6]. 

 

Table 1 Optimization results of the pump displacement（
3 /m d ） 

1 2 3 4 5 6 7 

305.56 240.75 330.59 340.72 260.66 204.88 453.31 
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CONCLUSION 

The optimization of the oilfield water injection system was important for reducing energy consumption of water 

injection, improving production efficiency and so on, so this paper studied the operation optimization of the oilfield 

water injection system and established the model of the operation optimization, the complex algorithm was solved the 

model, and this paper gave the method which reduced infeasible solution by satisfied the pump displacement and 

maintaining water balance. For example, an oilfield water injection system was validated the algorithm which got the 

good results, and the result illustrated that this method was feasible. 
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