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Abstract—In order to improve the oil displacement effect of polymer flooding recovery in sub-layers reservoir, the two injection 
parameters of viscosity and rate are optimized according to the permeability of the sub-layers reservoir in Daqing oilfield. The 
results show that: in the aspect of injection viscosity, the comparison of the four kinds of injection methods, such as gradient 
increasing viscosity, gradient reducing viscosity, single high viscosity, variable viscosity injection and by the way of gradient 
reducing viscosity can increase the highest recovery of polymer flooding, up to 29.23%. In the aspect of injection flow rate, through 
the comparison of high rate, constant rate and low rate of three kinds of injection method, the high rate has the better displacement 
effect which improves recovery efficiency reached 25.1%. 
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I. INTRODUCTION 
 
Polymer flooding technology in Daqing oilfield is 

widely used due to the mature polymer flooding technology 
and the increasingly perfect matching technology. The 
polymer flooding has achieved remarkable results in the 
application of the mine, and with the decrease of 
development potential of polymer flooding in the main 
reservoir; polymer flooding is transferred to the sub-layers 
reservoir 1-3. 1973 Daqing Saertu oil field, grape flowers, 
Gaotaizi reservoirs in the sedimentary unit is divided into 
three layers according to the pore structure characteristics 
of Daqing oil field reservoir, sub-layers reservoir refers to 
the porosity of the reservoir is not high, low permeability 
reservoir layer was poor, sand thickness is smaller, the 
higher the cost of mining, but has some development 
potential of the reservoir, including Saertu  group 
(hereinafter referred to as Sa ) 4 + 5, Sa 4-6,10-12, 
Study 15 + 16, Sa  4-7, Portugal 1-3 cell layer which the 
air permeability of 600-800 × 10-3μm2, but from the 
current point of view the injection parameters of polymer 
flooding and enhanced oil recovery evaluation of sub-layers 
reservoir also not mature enough. The paper optimized the 
different injection ways of viscosity and speed of two 
parameters in polymer flooding in order to further improve 
the effect of polymer flooding and improve the utilization 
of polymer solution 4-8. It is can also provide the necessary 
experimental basis of optimization adjustment injection 
parameter in Daqing oil field oil 9-10.  

 
 

II. EXPERIMENTS  
 

A. Experimental Conditions 
 

The core model used in the experiment is that 
conventional heterogeneous artificial square core which 
made of quartz sand by epoxy bonding (Dimensions are 
45×45×300mm) The core includes two permeability layers 
with high and low levels, and the permeability of the high 
permeability layer is about 900 μm2 with the permeability 
of the low permeability layer is about400μm2; As 
experimental oil is the simulated oil which according to a 
certain proportion mixed by the crude oil which production 
from the first oil production plant of Daqing oilfield and 
kerosene and the viscosity is 9.8 mPa·s in the temperature 
of 45 ; The water which used to saturated model is the 
simulation formation water which preparation by artificial 
and the degree of mineralization is 6778mg/L, water 
flooding and subsequent water flooding and the water 
which used to formulate polymer are poly north sewage; 
Polymer: Refining & Chemical 12 million polymer; 
Preparation method: Clean with diluted sewage; 
experimental temperature. 

 
B. Experimental Apparatus 

 
(1) Incubator, precision within 1 ; (2) Constant speed 

advection pump: Xing da advection pump, constant speed 
displacement can be set at different flow rates; (3) Rotary 
vane vacuum pumps: ZXZ-8 type, used to evacuate and 
filter; (4) Magnetic stirrer: For preparing the solution; (5) 
Brandt viscometer: For determine the polymer viscosity; (6) 
Electronic digital balance: accuracy of 0.001g. 

C. Experiment Scheme 

1) Scheme 1: 
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TABLE I.  THE OPTIMIZATION SCHEME OF INJECTION VISCOSITY OF 

POLYMER SOLUTION 

scheme 
injection 
method 

early 
water 

floodin
g 

the injection PV number 
and order of viscosity of 
polymer solution under 
the dosage of polymer 

subsequ
ent 

water 
flooding

first 
gradient 
tackifyin

g 

moistur
e 

content 
of 98% 

0.31PV20mPa·s+0.2 
PV40mPa·s+0.18PV60m

Pa·s 

moisture 
content 
of 98% 

second 
gradient 
reducing 
viscosity 

0.18PV60mPa·s+ 0.2 
PV40mPa·s 

0.31PV20mPa·s 

third 
single 
high 

viscosity 
0.53PV60mPa·s 

forth 
variable 
viscosity 
injection 

0.31PV20mPa·s+0.18PV
60mPa·s 0.2 PV40mPa·s 

2) Scheme 2: 

 
TABLE II.  THE OPTIMIZATION SCHEME OF INJECTION SPEED OF 

POLYMER SOLUTION 

scheme rate 
early water 

flooding 

polymer 
flooding 
mPa·s 

subsequent 
water flooding 

first 
0.15 

ml/min 
moisture 

content of 
98% 

40 
moisture 

content of 
98% 

second 
0.3 

ml/min 

third 
0.45 

ml/min 

III. RESULTS AND DISCUSSION 

D. The Optimization Results Of Injection Viscosity Of 

Polymer Solution 

Four sets of experimental dynamic mining curves, as 

shown in Figure 1 to Figure 4, the experimental results are 

shown in Table III. 

  

Figure 1.  The Dynamic mining curve of gradient tackifying experiment. 
 

 
Figure 2.  The Dynamic mining curve of gradient reducing viscosity 

experiment. 

 

Figure 3.  The Dynamic mining curve of single high viscosity experiment 

     

Figure 4.  The Dynamic mining curve of variable viscosity injection 
experiment 
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TABLE III.  EXPERIMENTAL DATA OF EACH GROUP WITH DIFFERENT 

VISCOSITY 

Core 
numb

er 

Injection 
method 

Air 
permeab

ility
（10-3μ
m2） 

Oil 
satur
ation
（%
） 

Recovery 
degree in 

water 
flooding 

Stage（%） 

Recover
y degree 

in 
polymer 
flooding 

Stage
（%）

Total 
reco
very
（%
） 

A-1 
gradient 
tackifyin

g 
601 73.61 42.33 27.45 

69.7
8 

A-2 
gradient 
reducing 
viscosity 

610 76.68 44.17 29.23 
73.4

0 

A-3 
single 
high 

viscosity 
610 74.54 43.24 28.37 

71.6
7 

A-4 
variable 
viscosity 
injection 

607 75.75 43.59 29.11 
72.7

0 

 

 
Figure 5.  Four groups of contrast the increase value of recovery degree in 

polymer flooding stage. 

 
As we can see the comparison of the increase value of 

recovery degree of polymer flooding with different 
viscosity injection methods from Table III and Figure 5 that 
the scheme 2, namely the gradient reducing viscosity has 
the best effect of oil displacement in the stage of polymer 
flooding. Gradient reducing viscosity effect is best, 
followed by variable viscosity injection, again for single 
high viscosity, gradient tackifying effect is the worst. The 
oil recovery value of each group has little difference in the 
stage of early water flooding, the recovery degree of 
gradient reducing viscosity reached 29.23% in the stage of 
polymer flooding, this is because, we began converting to 
injection the polymer solution when the water flooding the 
moisture content of 98%, the viscosity of polymer solution 
which first injection is high viscosity, with the solution of 
injection are effective plugging the mainstream channels in 
high permeability layer, and further expand the affected 
area of high permeability layer, with the polymer solution 
viscosity gradually reduced which injection in the 
subsequent, the polymer solution can gradually spread to 
the low permeability layer, low permeability layer 

absorption increases sharply, the remaining oil which use 
without by water began to be greatly utilized.  

 

   
Figure 6.  The Dynamic mining curve of contrast the pressure between 

four groups. 
     

 
Figure 7.  The Dynamic mining curve of contrast the moisture content 

between four groups  

 
Figure 6 and Figure 7 are the comparison between the 

curves values and trend of the pressure and moisture 
content in different viscosity. As we can see from Figure 6 
and Figure 7, the oil pressure rises due to the water entering 
the core to promote overcome the capillary forces work at 
the beginning of the stage of water flooding until can 
achieve the start-up pressure which can prompt the oil 
migration, the crude oil started displacement by water. The 
flooding water priority into the pores whose throat is 
relatively larger and the seepage resistance is smaller of 
high permeability layer due to the influence of the seepage 
resistance, along with the increase water injection in high 
permeability layer, the injection pressure increases in the 
high permeability layer, the whole injection-production 
pressure increased, low permeability layer began to be used, 
but with the water channel gradually formed in high 
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permeability layer, the seepage resistance becomes smaller, 
resulting in the overall injection production pressure 
decreases, the moisture content rises rapidly. Gradient 
reducing viscosity experiments first injection the viscosity 
of polymer solution is 60 Pa·s in polymer flooding stage, as 
the viscosity of two kind of displacing fluid is bigger, the 
pressure rise rapidly, with the continuous injection of 
polymer solution, the moisture content are also declining 
sharply, as can be seen from the diagram, the lowest point 
of moisture content of gradient reducing viscosity is 
relatively lower than the other three programs, the highest 
point of its pressure is also higher than the highest point of 
the other three schemes. Due to the high viscosity polymer 
solution effectively block the large pore of the high 
permeability layer which led to a high pressure so that the 
subsequent polymer solution whose viscosity are 40 mPa·s 
and 20 mPa·s can maximum range into the low 
permeability layer and the remaining oil can effectively 
spread flooding in low permeability layer.  

 
E. The Optimization Scheme Of Injection Rate Of 

Polymer Solution 
 
Three sets of experimental dynamic mining curves, as 

shown in Figure 8 to Figure 10, the experimental results are 
shown in Table IV. 

    

         
Figure 8.  The Dynamic mining curve of the rate is 0.15 ml/min       

 

Figure 9.  The Dynamic mining curve of the rate is 0.3 ml/min. 
 

 
Figure 10.  The Dynamic mining curve of the rate is 0.45 ml/min. 

 
 

TABLE IV.  EXPERIMENTAL DATA OF EACH GROUP WITH DIFFERENT 
RATE 

Core 
numb

er 

Injection 
rate

（ml/mi
n） 

Air 
permeabil

ity
（10-3μm

2） 

Oil 
saturati
on（%） 

Recove
ry 

degree 
in 

water 
floodin
g Stage
（%） 

Recove
ry 

degree 
in 

polyme
r 

floodin
g Stage
（%）

Total 
recove
ry（%） 

B-1 0.15 644 71.46 43.1 24.34 67.44 

B-2 0.30 644 71.87 44.02 25.81 69.83 

B-3 0.45 607 74.53 44.98 27.37 72.35 
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Figure 11.  The relation curve between the injection speed of polymer 
solution and extent of recovery of polymer flooding stage 

 
As can be seen the data in Table IV and Figure 11 in the 

injection rate of 0.15ml/min, 0.30ml/min, and 0.45ml/min 
in the three set of experiments, the increase value of 
recovery degree in polymer flooding stage are24.34%, 
25.81% and 27.37%; The maximum value of recovery 
degree is 27.37% in polymer flooding stage when the 
injection rate of 0.45ml/min, and the polymer flooding 
effect is the best. This phenomenon is caused by three 
aspects: (1) the tension degree of polymer molecules 
increase due to the increase in the rate, the degree of 
elasticity viscosity increase far exceeds the shear thinning. 
Due to the rise in viscosity, keeping the polymer flooding 
effectively conduct. (2) The degree of stretch of polymer 
molecules increased due to the rate increase and can easier 
access to some small pores which the original cannot enter, 
thereby increasing the viscosity of the small pores 
expulsion fluid. (3) The rate is increased, the tensile stress 
of the molecule strength, the elastic increases and establish 
a large pressure difference at the two ends of the oil drop, 
thus improving the capacity of oil displacement, forcing the 
residual oil which original cannot flow from running, 
thereby improving the ability of flooding. 

 

           
Figure 12.  The Dynamic mining curve of contrast the pressure of three 

rates   

   

 
Figure 13.  The Dynamic mining curve of contrast the moisture content of 

three rates 
 
Figure 12 and Figure 13 are the comparison between the 

curves values and trend of the pressure and moisture 
content in different viscosity. As can be seen from Figure 12 
and Figure 13, the oil pressure rises due to the water 
entering the core to promote overcome the capillary forces 
work at the beginning of the stage of water flooding, with 
the increase of injection rate, start-up pressure value 
increases, pressure and moisture content is increased, but 
the pressure of three rate did not produce a big difference in 
the early stage of water flooding, the curve shape of the 
moisture content of the three rates is almost the same. When 
the moisture content of water flooding reach to 98%, began 
to injection 0.6 PV concentration of 1500 mg/L of medium 
molecular weight polymer solution, the pressure swells due 
to the displacing fluid viscosity increase in the rate of 0.45 
ml/min and the maximum pressure is reached 0.87MPa, 
compared with other two kinds of rate the highest pressure 
higher 0.3 MPa and 0.2 MPa respectively, with the increase 
of pressure, the moisture content is dropping fast after 
polymer flooding effect, the lowest value of moisture 
content reached 34.81% in the polymer flooding stage. The 
pressure of 0.45 ml/min is slightly higher than the other two 
kinds of pressure, the moisture content rise faster, so that 
the subsequent water flooding phase ends earlier in the 
subsequent water flooding stage.  

 
 

IV. CONCLUSIONS 
 
(1) Experimental results of different viscosity injection 

methods of polymer shows that; Gradient reducing viscosity 
effect is best, followed by variable viscosity injection, again 
for single high viscosity, gradient tackifying effect is the 
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worst in the comparison of enhanced oil recovery of 
polymer flooding. The recovery degree of gradient reducing 
viscosity reached 29.23% in the stage of polymer flooding. 

(2) The lowest point of moisture content of gradient 
reducing viscosity is relatively lower than the other three 
programs and the lowest point of the moisture content was 
27.78%, the highest point of its pressure is also higher than 
the highest point of the other three schemes and the highest 
point of pressure was 0.18 MPa. Due to the high viscosity 
polymer solution effectively block the large pore of the high 
permeability layer which led to a high pressure so that the 
subsequent polymer solution whose viscosity are 40 mPa·s 
and 20 mPa·s can maximum range into the low 
permeability layer and the remaining oil can effectively 
spread flooding in low permeability layer. 

(3) Experimental results of different rate injection 
methods of polymer shows that: In the injection rate of 
0.15ml/min, 0.30ml/min, and 0.45ml/min in the three set of 
experiments, the maximum value of recovery degree is 
27.37% in polymer flooding stage when the injection rate of 
0.45 ml/min and the polymer flooding effect is the best. 
Although increasing injection rate of polymer solution can 
improve oil recovery, but would inevitably lead to the 
higher pressure of formation due to the fast rate injection, 
resulting in more than the reservoir fracturing pressure, 
causing the polymer solution cannot be normal injection. 
On the contrary if the pressure is too low, it will reduce the 
rate of production in the oil reservoir and lower the oil field 
exploitation cycle. Above all, recommend a reasonable 
injection rate be controlled in 0.3 ml/min. 
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