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Abstract — We look into the development effect of the polymer surfactant flooding after polymer flooding for the main reservoir in 
Daqing oilfield, to improve the understanding to the change law of seepage field for polymer surfactant flooding. Based on the 
physical simulation, instrument testing and other technology methods, this paper uses the Huading I polymer surfactant which is 
used in field test area to carry out the oil displacement efficiency evaluation of polymer surfactant flooding and the research of the 
change law of seepage field after polymer flooding. The experimental results shows that Huading I polymer surfactant had better 
displacement efficiency to the remaining oil after polymer flooding, which could improve the development condition by a large 
margin in middle and low permeability layers, especially in low permeability layer in which the efficiency of polymer flooding is 
worse and whose recovery percentage of reserves in single layer could increase by more than 16%, which could make the overall 
recovery efficiency increase by more than 13% based on the polymer flooding. Using the oil saturation monitoring device to 
conduct real-time monitoring, it is found that the range of oil saturation decreased around the injection well in middle and high 
permeability layers got larger, in which the decreasing of oil saturation was obvious. The polymer surfactant solution could carry 
the remaining oil around the mainstream channel to the mainstream channel during the process, the coalescence appeared and 
formed oil fence during the migration in which the oil fence could be displaced and recovered. At the same time, the value of oil 
saturation in the mainstream channel decreased again on the base of polymer flooding. The same change had appeared around the 
injection well in the low permeability layer and the mainstream channel was opened at the end of displacing in this layer. As a 
whole, Huading I polymer surfactant used the abilities of enhancing displacement efficiency and sweep efficiency by a large margin 
to realize the effective development of remaining oil after polymer flooding during the process of displacing, and the two kinds of 
abilities were clearly stronger than polymer. 
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I. INTRODUCTION 

The industrialization promotion of polymer flooding has 
achieved better application effect since 1996 in Daqing 
oilfield, the oil recovery factor has increased by about 10% 
on the base of water flooding, which makes the 
employment degree of the main reservoir reach at 50% to 
55%. But with the in-depth development, more and more 
diggings have entered into the exploitation stage of after 
polymer flooding gradually [1, 2], and there are a lot of 
remaining oil which is not employed in the reservoirs. As a 
burgeoning kind of unitary displacement agent, the polymer 
surfactant possesses the double peculiarities of increasing 
the viscosity efficiently and decreasing interfacial tension 
because its backbones of polyacrylamide have grafted 
various functional groups, the double peculiarities not only 
can enlarge swept volume but also can enhance the 
displacement efficiency in a large margin [3, 4, 5]. The field 
tests have already showed that polymer surfactant is a kind 
of chemical agent with high quality which can realize that 
the main reservoir in Daqing can continue high and stable 
yield following the polymer [6, 7], but because the time 
from development to application for polymer surfactant is 
shorter, the application of field test and the development of 
theoretical knowledge are not symmetrical, reports of 
literature about polymer surfactant is less especially about 

the research of change law of seepage field which is not 
reported at present, therefore, according to the field test 
conditions and schemes, the writer used the three-
dimensional physical models in parallel and the monitoring 
device of oil saturation to study the displacement efficiency 
of Huading I polymer surfactant after polymer flooding in 
main reservoirs, given the employment condition of 
remaining oil in different layers for polymer surfactant 
quantitatively, cleared the seepage laws of polymer 
surfactant in the process of displacement after polymer 
flooding, had provided theoretical foundation for the 
application of polymer surfactant after polymer flooding in 
main reservoirs. 

II. EXPERIMENTAL EQUIPMENTS AND MODEL 
SETTING  

The experimental equipments are mainly made up of 
displacement equipment, thermo tank, monitoring device of 
oil saturation, monitoring device of pressure, gathering 
device of produced liquid and other parts. 

Combining with the geologic features and reservoir 
conditions of main reservoirs in Daqing oilfield, the model 
is artificial epoxy resin physical model in parallel, the 
injection-production way of single model is designed as one 
injection well and one production well, the size of the 
model: 300×300×15mm, the permeability respectively is 
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200×10-3μm2 , 1000×10-3μm2 , 1800×10-3μm2, there are 
laying 32 couples of microelectrodes at the same position in 
every model, the resistance vale of every point is monitored 
by connecting the electrodes with the monitoring device of 
oil saturation, the oil saturation is changed from the 
resistance value of every point by monitoring device of oil 
saturation. The sketch map of experiment in parallel is as 
shown as Figure 1. 
 

             
Fig.1 The Sketch Map of Experiment in Parallel 

Ⅲ. EXPERIMENT SCHEME 

The experiment scheme is designed according to the 
experiment schemes and injection parameters of the test site 
for Huading I polymer surfactant in the main reservoirs of 
Daqing, which is that water flooding is conducted until the 
water cut is 98%, next the polymer with middle molecular 
(whose concentration is 1000mg/L and viscosity is 34mPa·s 
) is injected and the injection is 0.6 multiples of pore 
injected, then Huading I polymer surfactant is injected and 
the injection is 1.05 multiples of pore injected, in which the 
slug of polymer surfactant is injected to profile control 
firstly whose concentration is 1500mg/L and the injection is 
0.15 multiples of pore injected and then the slug of polymer 
surfactant is injected to displace whose concentration is 
1000mg/L and the injection is 0.9 multiples of pore 
injected, finally water flooding is conducted until the water 
cut is 98%. 

III EXPERIMENT RESULTS AND ANALYSIS 

It can be seen from Table I that the development 
efficiency of the low permeability layer during the water 
flooding stage was worse, the middle and high permeability 
layers were mainly exploited, among which the recovery 
percent of reserves for single layer in high permeability 
layer had reached above 56%, the remaining oil in the 
middle and low permeability payers was relatively rich after 
water flooding. During the stage of polymer flooding, the 
recovery percent of reserves of middle and high 
permeability layers decreased, and the recovery percent of 
reserves of low permeability layer increased slightly, which 
showed that the polymer used the high viscous properties of 
itself to block off the middle and high permeability layers in 
a certain degree and enlarge the swept volume and enhance 
the absorption amount of low permeability layer during the 
polymer flooding stage[8]; the washing intensity of middle 
permeability layer was not big during the water flooding 

stage and the remaining oil was more, the polymer 
depended on the viscoelasticity of itself to enhance the 
displacement efficiency in the middle permeability layer, 
thus the higher recovery percent of reserves was gotten[9]. 
Under the influence of synthetic action of profile control in 
a certain extent and washing with high intensity during the 
water flooding stage, the development efficiency of 
remaining oil in high permeability layer got worse. At the 
end of polymer flooding, a large number of remaining oil in 
every layer had not been employed, in which non-producing 
reserves of middle and low permeability layers respectively 
reached up to 64.04% and 84.89%. It is thus obvious that 
the key of exploitation after polymer flooding in oilfields 
should turn to the middle and low permeability layers 
whose oil ratio increase gradually from high permeability 
layer, the chemical agent used after polymer flooding need 
to realize the effective development of remaining oil in high 
permeability layer, meanwhile could employ the low and 
middle permeability layers whose reserves is considerable 
by a large margin. Both polymer flooding and Huading I 
polymer surfactant flooding are including further water 
flooding. 

TABLE I. RESULTS OF RECOVERY PERCENT OF RESERVES IN 
THE EVERY STAGE OF EXPERIMENT 

Recovery 
percent of 
reserves 
for stage 

Low 
permeability 
layer（%） 

Middle 
permeability 
layer（%） 

High 
permeability 
layer（%） 

The 
whole
（%） 

Water 
flooding 

6.02 21.13 56.05 30.35 

Polymer 
flooding 

9.09 14.83 2.07 8.28 

Polymer 
surfactant 
flooding 

16.01 19.73 6.83 13.69 

Overall 
recovery 

efficiency 
31.05 55.98 65.13 52.47 

 

Polymer flooding turned into Huading I polymer 
surfactant flooding, the development condition of every 
layer which compared with polymer flooding had improved 
significantly, polymer surfactant flooding not only could 
increase the absorption amount of middle and low 
permeability layers, but also played a better effect in the 
interior of high permeability layer, most of all the recovery 
percent of reserves of middle and low permeability layers 
increased by a large margin, which could make that the 
recovery percent of reserves of middle permeability layer 
reached at above 50%, the low permeability layer’s reached 
at above 30% and the overall recovery efficiency increased 
by 13.69% on the base of polymer flooding. It is thus clear 
that the ability of displacement for polymer surfactant is far 
more than polymer flooding’s and could realize effective 
displacement in the area which is not swept by polymer 
flooding or where the displacement efficiency of polymer 
flooding is lower. Now the dynamic displacement drawing 
is drawn by the specific data in the experiment, which is as 
shown as Figure 2. 

Injection side 
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Fig.2 Relationship Curve between Water Cut, Recovery Efficiency, 

Pressure and Multiples of Pore Injected 

It can be seen from Figure 2 that the injection pressure 
increases sharply and nearly reaches at 3.5 times of polymer 
flooding stage’s, total water cut drops rapidly and produces 
a large number of fluctuation continuously, which shows 
that oil pump capacity of production end is not stable and it 
produces oil by the type of impulse. Total water cut 
increases slowly until the end of polymer surfactant 
flooding, which shows that polymer surfactant has better 
effect of adsorption retention and improves the physical 
properties of the model of itself towards a favorable 
direction. 

 
Fig.3 Relationship Curve between Shunt Index of Every Layer, Pressure 

and Multiples of Pore Injected 

It can be known from Figure 3 that the shunt index of 
high permeability layer goes up after dropping during the 
polymer surfactant flooding and forms like the letter U, it 
drops rapidly at the beginning of injection and middle and 
low permeability layers’ increases, especially low 
permeability layer’s reaches at 30% which is greater than 
the shunt index in the polymer flooding stage, which shows 
that Huading I polymer surfactant could control better the 
fluidity of oil and water in the high permeability layer, 
improve the profile of oil and water, enlarge the sweep 
efficiency, make the absorption amount of middle and low 
permeability layers increase, thus employ the remaining oil 
which is richer relatively in the interior of middle and low 
permeability layers by a large margin. With the injection of 
polymer surfactant, the pressure continues to increase, 
solution migrates constantly in every layer, there is a gentle 
stage for a long time in shunt index of every layer until 
polymer surfactant solution appears at production end of 
high permeability layer, which shows that the high 

permeability layer has been broken through by polymer 
surfactant solution and forms mainstream channel, 
corresponding shunt index of high permeability layer 
increases rapidly and middle and low permeability layers’ 
decreases, at the moment, the polymer surfactant has been 
injected completely and is turned into further water 
flooding, the shunt index of high permeability layer 
continue decreasing to be gentle. It is worth to be noted that 
the absorption amount of high permeability layer at the 
moment is bigger than it is when the polymer flooding is 
turned into further water flooding, the middle and low 
permeability layers’ is lower than before. The above show 
that the exploitation of polymer surfactant to middle and 
low permeability layers would influence the next mining of 
further water flooding to middle and low permeability 
layers at the end of injection, which shows that polymer 
surfactant could exploit middle and low permeability layers 
and bring certain harm to the two layers at the same time, 
the polymer surfactant should be done further research to 
research the extent of injury and how to solve the problem.  

In order to insight into the change of seepage field, the 
distribution of remaining oil and the condition of migration 
for Huading I polymer surfactant during the process of 
displacement, oil saturations in the interior of cores with 
various permeability layers are monitored by monitoring 
system of oil saturation, the employment conditions of 
remaining oil in various permeability layers are analyzed, 
the drawing of oil saturation is as shown as Figure 4. 
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Fig.4 The Drawing of Oil Saturation for Every Layer at the Beginning of 
Huading I Polymer Surfactant Flooding 

The distribution condition of oil saturation for every 
layer after polymer flooding is as shown as Figure 4, there 
has formed mainstream channel in middle and high 
permeability layers, the swept area is larger in high 
permeability layer, oil saturation is lower on the mainstream 
channel, remaining oil is less, the area near the mainstream 
channel is swept widely and oil saturations far away from 
the direction of mainstream channel increase gradually; the 
displacement effect of middle permeability layer is far less 
than high permeability layer’s, there still is a certain amount 
of remaining oil on the main stream, large area in the two 
sides of mainstream channel still is enrichment region of 
remaining oil; the mainstream channel in the low 
permeability layer is not open, only a small area around 
injection side is swept, there appears narrow fingering 
phenomenon on the mainstream channel, the oil saturation 
on the other area don’t change obviously, and the remaining 
oil in the low permeability layer is the biggest. 
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Fig.5 The Drawing of Oil Saturation for Every Layer at the Medium-term 
of Huading I Polymer Surfactant Flooding 

Comparing Figure 4 with Figure 5, it can be found that 
the area around injection well is the area where the change 
for every permeability layer is the most obvious, whose 
performance is the color change around the injection well of 
every layer is obvious as the injection of Huading I polymer 
surfactant and the range of variation get large, which shows 
that oil saturation in the area decreased by a large margin, 
remaining oil was employed effectively, and the 
displacement efficiency and swept volume have been 
improved significantly. 

Comparing the area around the mainstream channel of 
every layer, it can be seen that the change of oil saturation 
on and around the mainstream channel for middle and high 
permeability layers is bigger, the remaining oil on the dark 
green area on the mainstream channel of high permeability 
layer and on the light green area on the mainstream channel 
of middle permeability layer is more relatively after 
polymer flooding, it is found by observation that this area 
migrates towards production end gradually and the color 
gets light green and light yellow gradually, which shows 
that remaining oil took place the coalescence phenomenon 
during the process of seepage, increased gradually until the 
oil fence was formed and pushed ahead, oil saturation in 
this area increased and migrated, meanwhile the oil 
saturation on and around the which has passed mainstream 
channel also decreases, which shows that Huading I 
polymer surfactant flooding still migrated along with the 
mainstream channel and depended on the viscoelasticity, 
emulsification and other abilities of itself[10] those abilities 
could take the remaining oil on the sides of mainstream 
channel to the mainstream channel and took place the 
coalescence phenomenon during the process of migration 
until the oil saturation was recovered. Combined with 
Figure 2, it is guessed that the main reason that the total 
water cut shakes up and down constantly is that coalescence 
of oil fence is continual. Comparing Figure 4 with Figure 5, 
it is found that ‘Finger’ type of low permeability layer 
widens and rips through further towards production end, 
combined with the injection pressure at the moment and the 
data of shunt index of low permeability layer, it can be seen 
that the low permeability has been played on effect. 
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Fig.6 Distribution Drawing of Oil Saturation for Every Layer at the End of 
Huading I Polymer Surfactant Flooding 

It can be seen at the end of Huading I polymer 
surfactant flooding that the color change of every 
permeability layer around the injection well is the most 

obvious, which shows that its swept range is the biggest, the 
displacement efficiency is the best and one of the main 
employment area of remaining oil. 

Another area where the employment effect is better is 
the area around mainstream channel. The mainstream 
channel of middle and high permeability layers get wide, 
the oil saturation in the large area on the sides of 
mainstream channel decreases, most of all is high 
permeability layer, where only two small parts of area most 
far away from mainstream channel in the whole model is 
not swept, the remaining oil on the mainstream channel of 
high permeability layer is displaced relatively completely 
and forms a strip of mainstream channel area of oil 
saturation whose oil saturation is below 24%; at the same 
time there has formed a mainstream channel between 
injection well and production well in the low permeability 
layer, and the area around the sides of mainstream channel 
has been swept to a certain extent. Overall, the effect of 
enlarged swept volume and enhanced displacement 
efficiency which are showed up on middle and high 
permeability layers for Huading I polymer surfactant is 
stronger than polymer flooding, however, polymer 
surfactant mainly enters into the area where the polymer 
flooding can’t reach for in low permeability layer and 
enlarge the swept volume of low permeability layer. 

In order to insight into how Huading I polymer 
surfactant enhance oil recovery and its application of 
enlarging swept volume and enhancing displacement 
efficiency in every permeability layers, now the distribution 
condition of oil saturation of different displacement point in 
the cores is calculated, that is the oil saturation of the same 
position in the core at the next moment is lower than it is at 
the previous moment, which means that the point is swept 
in the process of displacement during this period, this way 
is used to divided equally the distribution of oil saturation 
into several small pieces, a small piece is taken as a unit to 
calculate percentage that the area where the oil saturation 
decreased takes of the total area in the core and the 
percentage is defined as the sweep efficiency in the core at 
the moment. Gathering the liquid in hierarchy is used to 
calculate the value of recovery efficiency of different 
displacement point in every layer, the displacement 
efficiency is defined as the ratio between the recovery  

 

TABLE II. RESULTS OF SWEEP EFFICIENCY AND DISPLACEMENT EFFICIENCY AT THE END OF WATER FLOODING AND 
POLYMER FLOODING 

Sweep efficiency/displacement efficiency 
Low permeability 

layer 
Middle permeability 

layer 
High permeability 

layer 
The 

whole 

Sweep efficiency
（%） 

Water flooding  13.01 41.00 90.10 48.08 

Polymer flooding 37.52 67.02 90.55 65.04 

polymer surfactant 
flooding 

61.60 75.00 91.20 76.10 

Displacement 
efficiency（%） 

Water flooding  46.30 51.50 62.20 63.20 

Polymer flooding 40.30 53.71 64.20 59.42 
polymer surfactant 

flooding 
50.40 74.60 71.40 69.05 
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efficiency and sweep efficiency at the same moment. The 
value of sweep efficiency and displacement efficiency in 
the following table II is obtained by this method. Both 
polymer flooding and Huading I polymer surfactant 
flooding are including further water flooding. 
In the whole, the abilities of enlarging swept volume and 
enhancing displacement efficiency for Huading I polymer 
surfactant flooding are higher around 10% than polymer 
flooding, in single layer, on the basis of polymer flooding, 
the employment that polymer surfactant to the remaining oil 
in the low permeability layer is realized by enlarging swept 
volume which has increased by around 25% based on 
polymer flooding, however the displacement efficiency is 
50%; polymer surfactant has showed better ability of 
displacement in the middle permeability layer, both sweep 
efficiency and displacement efficiency are increasing a lot, 
respectively can reach at 75% and 74.6%; because the 
swept effect of earlier water flooding and polymer flooding 
in the high permeability layer is better, the increasing of 
sweep efficiency of polymer surfactant solution is not 
obvious and nearly no differences with water flooding and 
polymer flooding, the employment of remaining oil mainly 
depends on enhanced displacement efficiency. Combined 
with Figure4 to Figure6, it is found that the displacement 
efficiency of middle and high permeability layers are 
enhanced by the displacing twice to mainstream channel; 
the sweep efficiency of middle permeability layer are 
enlarged by the effective displacement around the injection 
well and on the sides of mainstream channel; the sweep 
efficiency of low permeability layer are enlarged by 
effective displacement around the injection well and the 
breakthrough of mainstream channel. 

The experiments turn out that the displacement effect of 
Huading I polymer surfactant is better than polymer 
flooding, especially employment ability to middle and low 
permeability layers is far stronger than polymer flooding, 
Huading I polymer surfactant could realize effective 
employment of remaining oil again after polymer flooding, 
and provide guarantee for the continuous high and stable 
yield of main reservoirs in Daqing oilfield. 

IV. CONCLUSIONS 

Under the condition of main reservoirs in Daqing 
oilfield, Huading I polymer surfactant had better 
displacement effect after polymer flooding, especially for 
the displacement of low permeability layer, whose recovery 
percent of reserves in single layer had reached at above 
16%, could make the overall recovery efficiency increase 
by above 13% on the basis of polymer flooding and realize 
continuous high and stable yield after polymer flooding. 
After the injection of Huading I polymer surfactant, the 
polymer surfactant could control the total water cut 
effectively, control the fluidity of oil and water in high 
permeability layer better than polymer flooding, improve 
the profile of oil and water, enlarge the sweep efficiency, 
increase the absorption amount of middle and low 

permeability layers, and employed relatively rich remaining 
oil in the interior of middle and low permeability layers by 
a large martin. During the process of seepage, relative to 
polymer flooding, local pressure gradient of Huading I 
polymer surfactant flooding increased, the polymer 
surfactant could enter into the area in low permeability 
layer where the polymer flooding couldn’t reach for, and 
open the mainstream channel of low permeability layer, 
bring the remaining oil on the sides of mainstream channel 
to the mainstream channel in middle and high permeability 
layers, toke place the coalescence during the process of 
migration and formed oil fences which would be displaced, 
and this phenomenon maybe the main reason that why the 
total water cut fluctuated constantly. 
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