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Abstract — In view of Suizhong 36-1 oil field, this paper conducted physical simulation experiments of the binary compound 
flooding after polymer flooding, high concentration polymer flooding after polymer flooding, equal concentration polymer flooding 
after polymer flooding. Contrast enhanced recovery effects, and the results show that compared with the equal concentration 
polymer flooding after polymer flooding the recovery efficiency of the high concentration polymer flooding after polymer flooding 
increased by 1.28%. The final total recovery efficiency of the high concentration polymer flooding after polymer flooding is 
46.22%; Compared with the equal concentration polymer flooding after polymer flooding recovery efficiency of injecting the 
binary system after polymer flooding increased by 21.35%, and the final recovery of the binary flooding after the polymer flooding 
is 66.29%; In the stage of the binary compound flooding, the contribution of the recovery efficiency to the final recovery of the total 
process is 47.49%.The high permeability layer contributes 57.18%, the infiltration layer contributes 32.72%, the low permeability 
layer contributes 10.1%. Although the contribution value of the low permeability layer is small, the recovery efficiency of the low 
permeability layer rises most obviously. The recovery efficiency of the low permeability layer at the end of the binary flooding was 
2.57 times than that at the end of the polymer flooding, and it can be seen that the binary flooding drives the residual oil effectively 
after the polymer flooding. Combining with the contrast of economic property, binary compound flooding is a typical and 
preferred way of chemical flooding after polymer flooding for the offshore blocks. 
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. INTRODUCTION 

In view of the characteristics of the offshore platform, 
the production requirements, improving the recovery 
efficiency [1], and realizing the increasing of the 
production, which is the urgent requirement of the 
development of offshore oilfield. According to the situation 
of practice on the mainland oilfields, chemical flooding is 
an effective way to enhance oil recovery. Polymer flooding 
technology has been formed a complete set maturely and 
the mechanism of oil displacement is mainly enlarge sweep 
volume. But its improving the recovery efficiency is 
limited. The technology of binary compound flooding 
system which formed by adding the surfactant active agent 
has more advantages, and it has obtained the good effect on 
increasing oil and decreasing water in onshore oilfields [2]. 
Binary compound flooding has been applied in Daqing and 
Shengli oilfields etc, and its technology is becoming more 
and more mature [3]. Because of the effect of the 
complicated sea conditions with the large well spacing, the 
small space of platform and the high salinity of water 
quality of offshore oil fields [4] and the effect of the 
geological conditions, if developed as onshore oilfields it 
will affect the development speed and economic benefits 
seriously [5]. In view of the successful experience of the 
onshore, Shengli offshore blocks carried out the alkali 
binary recognition technology research firstly. In September 
of 2003, the original test of the binary compound flooding 

was carried out in the Ng54-61 layer in southwest of the 
seventh area of the Gudong oilfield, and it has made 
significant effect on increasing oil and decreasing water [6-
8]. Until September of 2013, the recovery efficiency 
increased by 8.9%, the expected improvement of the 
recovery efficiency was 12%, which shows the binary 
compound flooding has good development prospects [9]. 
Laboratory experiments show that SP binary compound 
flooding system has good ability to improve the oil 
recovery efficiency, whose recovery efficiency can be 
improved by more than 35% [10]. Aimed at the current 
conditions of reservoir and the present situations of mining 
in Suizhong 36-1, this paper used the binary compound 
system of the mixed distribution with the polymer AP-P5 
and the surfactant active agent BH-M2. According to the 
similar conditions, the physical model with three layers of 
different thicknesses and heterogeneity has been developed 
and the contrast tests on the physical simulation 
experiments have been carried on. Combining with the 
contrast of economic property, the effect of enhancing the 
recovery efficiency of high concentration polymer flooding 
after polymer flooding and binary compound flooding was 
studied. 

. THE EXPERIMENT DESIGN 

A．The Physical Model 

In this paper, the permeability of simulated reservoir 
groups distributed in 100~10000 (10-3μm2), and their main 
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permeability distributed in 100-4000 (10-3μm2) .According 
to the characteristics of the reservoir in offshore oil field, 
the corresponding physical models of the reservoirs have 
been developed. According to the principles of the similar 
thickness, model of three layers of different thickness is 
designed as the positive rhythm. Simulate the general 
development of typical areas as IU oil group, ID oil group 
and the  oil group respectively, and their thickness is 
designed as 3:3:5 which is the actual thickness ratio. 
Thicken model, and the total thickness is 110 mm. The sizes 
of length and width are 300 mm and 45 mm, and well 
spacing way is three injections and three productions. The 
permeability of heterogeneous synthetic core is 500, 2200, 
4800(10-3μm2). The average permeability is 2500×10-
3μm2. Designing the physical model meet the principles of 
dynamic similarity and motion similarity in the 
displacement experiments. 

B. The Experimental Materials 

The polymer used in the polymer flooding is AP-P4 
(2000mg/L), and the viscosity is 42 mPa•s. The polymer 
used in the high concentration polymer flooding is AP-P4 
(2500mg/L), and the viscosity is 65 mPa•s. The polymer of 
the binary system used in the binary flooding is AP-P5 
(1750mg/L), and the surfactant active agent is BH-M2. Its 
concentration is 0.2%, and the viscosity of system is 34.6. 
The price of each displacement agents: the price of AP-P4 
is 22000 yuan/t; the price of AP-P5 is 25000 yuan/t; the 
price of the surfactant active agent BH-M2 is 33000 yuan/t. 

C. The Experimental Scheme 

TABLE I. THE CONTENT OF SCHEMES 

Schemes The specific content 

1 
Water flooding to the water cut of 70% + polymer 
flooding to 0.3PV + equal concentration polymer 
flooding  to 0.3PV + subsequent water flooding 

2 
Water flooding to the water cut of 70% + polymer 
flooding to 0.3PV + high concentration polymer 
flooding to 0.24PV + subsequent water flooding 

3 
Water flooding to the water cut of 70% + polymer 

flooding to 0.3PV + binary flooding to 0.3PV + 
subsequent water flooding 

  

The purpose of designing three types of schemes is to 
form the contrast. Scheme1 and scheme2 are conducted by 
injecting the same dosage of polymer (600 mg/L ·PV) after 
the basic polymer flooding experiment scheme (polymer 
flooding to 0.3PV).The binary system in scheme3 is 
injecting the surfactant active agent 600 mg/L ·PV on the 
basic of the dosage of polymer 525mg/L ·PV. The prices of 
scheme1 and scheme2 are identical that whether the equal 
concentration polymer flooding or the high concentration 
polymer flooding after the polymer flooding, but the price 
of scheme3 is 2.49 times than the price of scheme1 and 
scheme2. 

In this experiment, in order to study the recovery degree 
of the inside layer, calibration core was prepared for each 
layer of the heterogeneous model. Calibrate permeability, 

porosity, oil saturation and quantity of oil the monolayer 
saturation of low permeability layers, of middle 
permeability layers, and of high permeability layers. Its 
purpose is to compare the quantitative research of the 
recovery degree in the subsequent layer which combined 
with the displacement experiment of three injections and 
three productions. 

Ⅲ. THE EXPERIMENT RESULTS ANALYSIS 

A． The choice of the ways of injection after polymer 
flooding 

The overall experimental results of different 
displacement solutions are shown in Table II. 

TABLE II. DIFFERENT DISPLACEMENT EXPERIMENTAL RESULTS TABLE 

Scheme 
Recovery degree of stage（%） Total recovery 

efficiency（%
） 

Water 
flooding 

Polymer 
flooding 

Binary 
flooding 

1 15.03 29.90 — 44.94 

2 15.17 31.05 — 46.22 

3 15.59 18.10 31.48 66.29 

 
Comparing scheme1 and scheme2, the effect of polymer 

flooding development is close to the limitation when 
injecting polymer to 0.3PV; the overall effect of expanding 
swept volume and improving washing oil efficiency of the 
polymer solution are weak after injecting polymer to 0.3PV. 
Residual oil can mine significantly not only by injecting the 
polymer solution with equal concentration after injecting 
polymer to 0.3PV.So the conversion time of polymer 
flooding is polymer injection as 0.3 PV, the subsequent 
chemical flooding needs to be considered after injecting 
polymer to 0.3 PV. Comparing scheme2 and scheme3, the 
effect of the way of using high concentration polymer 
flooding after polymer flooding is very small effect is very 
small, but it is better than the situation that continuing equal 
concentration polymer flooding, and the recovery degree 
increased by 1.28%.  

Scheme3 is that injecting the binary solution to 0.3PV 
directly after polymer flooding and then conduct the 
subsequent water flooding, which can obtain the effect of 
total recovery efficiency as 66.29%.The experiment shows 
that binary system can improve the recovery efficiency 
greatly after polymer flooding. Only by the polymer 
viscoelasticity and the washing oil efficiency can’t drive the 
residual oil and by injecting binary system can drive it. 
Ultra-low interfacial tension has played a key role. Because 
the emulsification, decomposition, the formation of 
emulsion caused by the ultra-low interfacial tension makes 
the residual oil to participate in the flow again, low 
interfacial tension also reduces the capillary force of the 
residual oil at the same time, which reduces the exploitation 
difficulty of the residual oil. At this time the binary solution 
of polymer solution also performs the function of reducing 
the mobility ratio, which makes the driven residual oil is 
carried out. What can be determined by the experimental 
data is that the binary compound flooding after polymer 
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flooding is an effective way of exploitation, especially for 
the objective need of high efficient development in offshore 
oil field. Although the investment of scheme3 is 2.49 times 
that of scheme1 and scheme2, but its recovery degree of 
stage is 9.82 times that of conducting the equal 
concentration polymer flooding independently, and is 6.42 
times that of high concentration polymer flooding. It is 
visible that the binary compound flooding is the preferred 
scheme of chemical flooding after polymer flooding for 
Suizhong 36-1 oil field in both from the angle of improving 
the oil recovery efficiency and the contrast of the input and 
the output in economic. 

B. The characteristics and analysis of the whole dynamic 
mining in different schemes 

In the experiment of the equal concentration polymer 
flooding after polymer flooding, the quantity of the driven 
oil in the model decreased according to changes of the 
pressure and the comprehensive water cut after the polymer 
injection. Its late mining difficulty become bigger, the water 
cut of subsequent water flooding rises rapidly and the 
pressure drops rapidly. It is can be instructed that the 
residual oil after polymer flooding can’t be drove 
effectively by the equal concentration polymer flooding.  

The following is the concrete analysis of the high 
concentration polymer flooding and the binary compound 
flooding after polymer flooding.  

  1) The characteristics and analysis of the dynamic 
mining in the way of high concentration polymer flooding 
after polymer flooding 

The slug of the high concentration polymer flooding 
after polymer flooding is 0.24 PV, and its concentration is 
2500 mg/L. Get the whole mining curve from the 
experiment as follows: 

 

 
Fig. 1 The Relation Diagram of The Multiples of Pore Volume Injected, 

Comprehensive Water Cut, Recovery Efficiency and Pressure 

The Figure 1 shows that high concentration polymer 
flooding after polymer flooding, the pressure rises. The 
water cut is not fall, but it has the rising trend. The overall 
recovery efficiency increases slightly, and it increases about 
2%. It can be instructed that the residual oil can’t be drove 
effectively by the high concentration polymer flooding after 

polymer flooding. In the way of high concentration polymer 
flooding after polymer flooding can’t solve the problem of 
driving the residual oil effectively after polymer flooding, 
so other ways of chemical flooding need to be considered. 

 

 
Fig. 2 The Relation Diagram of The Multiples of Pore Volume 

Injected, Comprehensive Water Cut, Shunt Efficiency, and 
Pressure 

Figure 2 illustrates that: conduct high concentration 
polymer flooding after polymer flooding, the shunt 
efficiency of the high permeability still on rising, and the 
shunt efficiency of the low permeability decreases gradually. 
So it doesn’t have the profile control effect. Although the 
pressure increases, it just pushes the high concentration 
polymer flow in the reservoir and it doesn’t increase the 
sweep efficiency greatly.  

2)The characteristics and analysis of the dynamic mining 
in the way of binary flooding after polymer flooding 
Get the mining curve from the experiment as follows: 

Fig. 3 The Relation Curve of The Multiples of Pore Volume Injected, 
Comprehensive Water Cut, Oil Recovery Efficiency and Pressure 

The Figure 3 shows that in the polymer flooding stage, 
the comprehensive water cut fell to the minimum, the 
pressure rise to the maximum in the polymer flooding stage, 
and production wells with high permeability see polymer at 
this time. In the injecting binary system stage, the 
comprehensive water cut fell firstly and then it rise, and the 
pressure rise all the time. After injecting binary system, the 
comprehensive water cut fell to the minimum and then it 
rise gradually, and the pressure decreases to the minimum 
gradually. Compared with the water flooding, the eventual 
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pressure is 25% higher than it, which instructs the chemical 
agent is stranded in the core. 

 

 
Fig. 4 The Relation Curve of Injection with The The Multiples of 
Pore Volume Injected, Shunt Efficiency, Comprehensive Water 

Cut and Pressure 

The Figure 4 shows that in the binary compound 
flooding after polymer flooding, high permeability shunt 
efficiency fell slightly, middle permeability shunt efficiency 
and low permeability shunt efficiency rise gradually. The 
means play an effect on profile, the pressure increases 
gradually, which not only promote the binary composite 
system flow in the reservoir, reached a big increase in 
washing oil efficiency, and improve the recovery efficiency 
of each layer.  

Above is the study of macroscopic comprehensive 
situation. This paper studied the contribution situation of 
the production in the layers to the overall, which combined 
with the calibration sample data of the small layers. It is 
visible that for the physical model of three injections and 
three productions with different thickness, most produced 
oil from high permeability layer in water flooding, polymer 
flooding and binary flooding stage. For the middle 
permeability layers and low permeability layers the degree 
of driving is small, which is associated with the thickness 
ratio of high permeability layers. That is because the high 
permeability layers account for 45.5% of the total thickness, 
the pore volume accounts for 0.51 PV of model volume, 
porosity of the middle permeability layers is 0.26 PV, 
porosity of low permeability layers is 0.23 PV. Combining 
with the above the shunt efficiency situation in the polymer 
injection stage, it was found that the polymer solution most 
flew into the high permeability layers after the start of the 
polymer injection. About 10% of the polymer solution flew 
into the middle permeability layers, and around 3% flew 
into the low permeability layers. With the ongoing of the 
polymer injection, the pressure of injection increased, the 
shunt efficiency of the high permeability layers reduced, the 
injection ratio of the polymer solution decreased, the shunt 
efficiency of the middle permeability layers increased, the 
injection ratio increased, and the low permeability layers 
relatively flat. The pressure rise to the maximum and then 
begin to decrease when the polymer injection get 0.15 PV. 
It is instructed that the injection of polymer solution of high 
permeability layers has breakthrough to production wells at 
this time. Since then in the polymer injection stage, 

comprehensive water cut rose, the liquid absorption 
proportion of the high permeability layers rose gradually, 
and the liquid absorption proportion of the low and middle 
permeability layers decreased. When the polymer injection 
is 0.3PV, the liquid absorption proportion of the high 
permeability layers rise to 87.2%, the liquid absorption 
proportion of the low and middle permeability layers is 
10.15%, and the comprehensive water cut of the production 
well has risen to 66.7% at this time. The production of the 
polymer injection stage accounts for 18.1% of the total 
reserves, there is still a part of polymer solution distributed 
in the model has not been produced at this time. 

TABLE III. THE PROPORTION TABLE OF OIL PRODUCTION WITH TOTAL 

RESERVES IN THE PHYSICAL MODEL OF THREE INJECTIONS AND THREE 

PRODUCTIONS WITH DIFFERENT THICKNESS AT DIFFERENT STAGES 

Displacement stage 

The proportion of oil production with total 
reserves （%） 

low 
permeability 

middle 
ermeability 

high 
permeability 

Water flooding stage 0.72 4.78 11.21 

Polymer flooding stage 1.30 5.21 11.60 

Binary flooding stage 3.17 10.30 18.00 

Proportion of 
production  of the and 

the total reserves 
5.19 20.29 40.8 

Total recovery 
efficiency of the model 

66.43 

 
When injecting the binary system of 0.05 PV into the 

model, the comprehensive water cut decreased. The 
injection-production differential pressure continues to rise 
after the injection of binary solution. From the start of the 
injection of binary solution to 0.24PV, the liquid absorption 
proportion of the high and middle permeability layers did 
not change obviously, and nearly 22.65% of the total 
reserves production was produced. It is depend on the 
viscoelasticity of the unproduced polymer solution and the 
synergistic effect of the binary solution. When injecting the 
binary system between 0.24 PV to 0.27 PV, the differential 
pressure increases rapidly, and the liquid absorption 
proportion of the low and middle permeability layers 
increase obviously. The low permeability layers get driven. 
When injecting the binary system between 0.27 PV to 0.3 
PV, the differential pressure decreases gradually, and at this 
time should be the binary system breakthrough recovery of 
the production wells of the high permeability layers. At this 
time the comprehensive water cut has decreased strongly to 
15.1%. The proportion of oil production with total 
production is 16.03% in the binary injection stage, and there 
is some binary solution in the model. Overall, the liquid 
absorption proportion of every layer does not change 
significantly for a long time in the binary system injection 
stage, but the water cut drops significantly. It is illustrated 
that the binary solution with high sweep efficiency which 
can emulsify crude oil of large area to be produced, so as to 
realize the purpose of stabilizing oil and controlling water. 
Although 16.03% of the total production of the binary 
flooding stage is less than 18.1% of the polymer flooding 
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stage, the exploitation difficulty of the binary flooding stage 
increases sharply. Because the oil produced by the binary 
solution is only the oil which can’t be produced by the 
sweep efficiency of polymer, which instructed that the 
binary compound flooding is an effective way of 
displacement for the typical of asp flooding after polymer 
flooding offshore blocks.  

In the subsequent water flooding stage, because part of 
binary solution in the model is still in work, the liquid 
absorption of the low and middle permeability layers 
decreases gradually, comprehensive water cut increases 
gradually, and the pressure decreases gradually. The final 
recovery efficiency is 66.29%, and 15.44% of the oil is 
produced in the subsequent water flooding stage.  

The situation of the recovery degree of single layer 
calculated by the calibration sample data is shown in Table 
IV. 

TABLE IV. THE CALCULATION DATA OF THE RECOVERY EFFICIENCY 

INSIDE THE LAYER IN DIFFERENT DISPLACEMENT STAGES 

Horizon 
the recovery degree inside the layer（%） 

low 
permeability  

middle 
permeability  

high 
permeability 

Water flooding stage 3.53 18.43 20.88 
Polymer flooding 

stage 
6.37 20.10 21.61 

Binary flooding stage 15.53 39.74 33.53 

Total recovery 
efficiency inside the 

layer 
25.43 78.23 76.01 

Total recovery 
efficiency of the 

model 
66.43 

 
It is can be seen from Table IV, the recovery efficiency 

inside the layer of the high permeability layers is 76.01% in 
the entire process of displacement. In the middle 
permeability layers it is 78.23%, and in the low 
permeability layers is 25.43% only. It is shown that the 
recovery efficiency of the middle permeability layers is 
higher than that of the high permeability layers according to 
the data calculated by the production from the practical 
outlet. Because the escaping flow situation is not considered 
in the calculation, some phenomena appear in the process of 
the actual heterogeneity inside the layer displacement. The 
high permeability layers are capped in the chemical agent 
injection stage after polymer flooding, which makes the oil 
escape to the middle permeability layers. The oil of the low 
permeability layers may also escape to the middle 
permeability layers, and produced by the production wells.  

Because the experimental model is the model with 
different thickness, the high permeability layers account for 
45.5% of the total thickness, and the reserves of the high 
permeability layers is big, so the biggest contribution to the 
whole production process made by high permeability layers. 
The high permeability layers and the middle permeability 
layers are driven effectively in the polymer flooding stage. 
The high permeability layers and the middle permeability 
layers are driven sharply in the binary flooding stage, and 

the driven degree in low permeability layers also is high. It 
is can be seen that the residual oil after the polymer 
flooding was driven effectively by the binary flooding. 

C. Contrast of core cutting image in the high concentration 
polymer flooding and after binary flooding 

In order to compare the actual development effects and 
observe the displacement effect directly, in this article the 
used core was cut along the direction of the mainstream line 
after the experiment and the use case on the profile was 
observed.  

 

 
Fig. 5 The Image of The Model After The High Concentration 

Polymer Flooding Cut Along The Mainstream Line (up) and The 
Image of The Model After The Binary Flooding Cut Along the 

Mainstream Line (down) 

By Figure 5 shows that comparing the high 
concentration polymer flooding with the binary flooding 
after polymer flooding, the color of every layer in the core 
did not change. It is instructed that the way of high 
concentration polymer flooding after polymer flooding 
can’t mine out the residual oil sharply after polymer 
flooding.  

It is can be seen from the image of the model after the 
binary flooding cut along the mainstream line that the color 
of every layer in the core after the binary compound 
flooding is lighter significantly than that of the high 
concentration polymer flooding. The color of the high 
permeability layers changes significantly. The color of the 
middle permeability layers changes shallowly, and it is can 
be seen from that the residual oil of the middle permeability 
layers has been driven sharply. The color change of the low 
permeability layers decreased, which instructed that the 
residual oil of the low permeability layers has been driven. 
Combining with the mining data from the macro it is can be 
known in the model there is 33.7% of the total reserves 
have not been mined out, and more than two-thirds of the 
reserves have been mined out at the end of the binary 
flooding. The effect of the development of binary 
compound flooding is remarkable. 

 
 

IV. CONCLUSIONS 



YANFU PI et al: EXPERIMENTAL RESEARCH OF CHEMICAL FLOODING AFTER POLYMER FLOODING 

DOI 10.5013/IJSSST.a.17.37.30                                            30.6                            ISSN: 1473-804x online, 1473-8031 print 

In this paper, the model with three heterogeneity layers 
of different thickness ratio was designed for the typical 
block in offshore oil field based on the similarity criterion, 
and experiments meet the principles of dynamic similarity 
and motion similarity.  

 Use the model with three heterogeneity layers of 
different thickness and thicker optimizing the way of the 
chemical flooding for Suizhong 36-1. Experimental results 
show that the equal concentration polymer flooding after 
polymer flooding can enhance recovery as 2.42%, the high 
concentration polymer flooding after polymer flooding can 
enhance oil recovery as 3.7%, and injecting binary system 
to 0.3 PV after polymer flooding can enhance oil recovery 
as 23.77%. Combining with the contrast of economic 
property, binary compound flooding is a preferred way of 
chemical flooding after polymer flooding for Suizhong 36-1. 

In the stage of polymer flooding, the high permeability 
layers and the middle permeability layers are driven 
effectively. At the end of the polymer flooding, the total 
recovery within the lay of the high permeability layers is 
42.49%, the total recovery within the lay of the middle 
permeability layers is 38.53%, and the total recovery within 
the lay of the low permeability layers is only 9.9%. In the 
stage of binary compound flooding stage, the total recovery 
within the lay of the high permeability layers is 76.01%, the 
total recovery within the lay of the middle permeability 
layers is 78.23%, and the total recovery within the lay of the 
low permeability layers is 25.43%. The production mainly 
from the high permeability layers and the middle 
permeability layers, and the degree of enhancing oil 
recovery in the low permeable layers is significant. 
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