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Abstract. Asphalt proﬁle control is an effective method, which can further improve oil recovery of reservoir
polymer ﬂooded, it has a lot of advantages including high strength proﬁle control, seal strata formation efﬁciency, low cost and no pollution, but there has not a perfect evaluation system for its development mode.
The effect of different concentration, injection rate, radius of proﬁle control, the timing of proﬁle and segment
combination way on the oil displacement effect of the asphalt proﬁle control were researched using numerical
simulation method on actual typical well area in Daqing oilﬁeld, and the mechanism of asphalt proﬁle control
was studied in detail. According to the results of laboratory test, the largest Enhanced Oil Recovery (EOR) of
asphalt was obtained at injection concentration 4000 mg/L, and the best combination was “high–low–high”
concentration slug mode. According to the results of numerical simulation, the best concentration, injection
rate, radius of proﬁle control and injection timing were 4000 mg/L, 0.15 PV/a (Pore Volume [PV], m3),
1/2 of well spacing and 96% water cut in single slug of asphalt injection system, when the injection condition
was multiple slug, the “high–low–high” slug combination mode was the best injection mode. These results could
provide effective development basis for asphalt proﬁle control after polymer ﬂooding in thick oil layers.

1 Introduction
As the oilﬁeld enters the extra-high water cut stage, both
water ﬂooding and polymer ﬂooding oilﬁelds are facing
the problem of vertical or planar injection ﬂuid inrush
caused by heterogeneity (Ma et al., 2019). Proﬁle control,
as an effective method of plugging high-permeability layers,
could expand sweep volume of the medium and low
permeability layers, and improving the development effect,
has been used as an indispensable method for oilﬁeld development. The reﬁnement development of oilﬁeld requires
increasingly strengthen proﬁle control, the conventional
chemical proﬁle control agents such as gel (Hoefner et al.,
1992; Pinho de Aguiar et al., 2020; You et al., 2011), volume
expansion grain (Salomao and Grell, 2001), polymeric
microsphere (Lakshmi et al., 2013; Lin et al., 2015), and
composite ion (Liu et al., 2005) have been proposed by oil
ﬁeld workers to adapt to different reservoirs or development
conditions, but have not been able to meet the development
needs.
Asphalt proﬁle control method began to be found
gradually (Fu and Sheng, 1999; Ribeiro et al., 2009; Xiao
et al., 2014), it refers that the asphalt particle (non-bulk
* Corresponding author: 57026413@qq.com

granular type) carried by liquid is injected into the formation, during the migration process, the mechanical ﬁlling
ability of the asphalt particles and its bonding characteristics under the formation conditions lead to the blocking of
the high-permeability parts in the layer, which expands
the sweep volume and EOR. Asphalt particle proﬁle control
has many advantages: the asphalt particle is synthesized on
the ground, which avoids the uncertainty of cross-linking
reactions of conventional gel underground; the asphalt
particles have injection selectivity better, a certain size
asphalt particle can enter the high-permeability water ﬂow
channel in reservoir selectively, and no or a little amount of
it enters the medium and low permeable layer (Ren, 2014).
In addition, the water content of the oil ﬁeld still rises back
to ultra-high value after polymer ﬂooding (AlSoﬁ and
Blunt, 2014), indicating that the role of polymer in reservoir
plugging adjustment is not enough, and the large pore
channels for injection ﬂuids still exist after polymer ﬂooding, thus the deepen proﬁle control with greater intensity
is needed to block the large pore passage. Asphalt derived
from the stratum has little damage to the stratum and is
beneﬁcial to the subsequent reservoir reformation. Furthermore, the effect of asphalt proﬁle control has been proved
by laboratory tests (Liu et al., 2015), and it was ﬁrst applied
in Daqing oilﬁeld, has achieved a better effect, but there is
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not a perfect and systematic evaluation for its development
mode. The objective of this study was to evaluate the oil
displacement effect of asphalt proﬁle control in typical well
areas and optimize its development mode, and to elaborate
the asphalt proﬁle control mechanism in detail, and to provide basis for effective asphalt proﬁle control after polymer
ﬂooding in thick oil layers.

2 Laboratory experimental study on proﬁle
control of asphalt particles
2.1 Materials
Asphalt Particle Proﬁle Control Fluids (APPF) with different concentrations were injected into three-layer heterogeneous cuboid cores (4.5 cm  4.5 cm  4.5 cm) with
diversion sections. The measured permeability of every
layer is 500, 1500, and 3000 (10 3 lm2) respectively. The
asphalt particle sizes were 0.06–0.1 mm and 0.1–0.3 mm
respectively, which were mixed in a ratio of 1:1 to obtain
the asphalt particle proﬁle control ﬂuid. The reservoir
temperature was 45 °C, and the experimental process was
performed under the reservoir temperature condition.
2.2 Concentration optimization of asphalt
proﬁle control
The core geometry and dry weight were determined with
Electronic Scale. The Pore Volume (PV) of the core was
measured after vacuuming and saturating with water. The
oil was saturated into the core and the oil saturation of
the core was measured. The water was injected until to
98% of water content, and then a 0.85 PV polymer solution
was injected, and the water was ﬂooded until to 98% of
water content. Afterwards, APPF with different concentrations (1000–5000 mg/L) were injected at the rate of
3 mL/min, and then water was ﬂooded until to 98% of water
content. The pressure values of each stage under stable condition were recorded, and the permeability before and after
plugging, water-ﬂood oil recovery efﬁciency and polymer
drive oil recovery efﬁciency were measured respectively.
The oil recovery efﬁciency and permeability under different conditions are shown in Table 1. The water-ﬂood
oil recovery efﬁciency increased ﬁrst and then decreased
with increasing concentration of injected asphalt proﬁle
control ﬂuid. On the other hand, the Enhanced Oil Recovery (EOR) obtained by subtracting oil recovery of polymer
ﬂooded from the oil recovery of asphalt proﬁle also
increased slowly ﬁrst and then decreased with increasing
concentration of injected asphalt proﬁle control ﬂuid. The
largest EOR was obtained at the concentration of
4000 mg /L injected asphalt proﬁle control ﬂuid. Therefore,
4000 mg/L could be used as the optimum injection concentration of proﬁle control ﬂuid.

combined into different slug methods for experiments. The
three-layer heterogeneous saturated oil core with diversion
section was ﬂooded with water to 98% water content, and
was injected with 0.85 PV polymer, and then ﬂooded with
water to 98% water content again. Afterwards, APPF were
injected into oil core according to different slug combination
modes (high–low–high, low–high–low, low–medium–high,
high–medium–low, and medium–low–high), and then waterﬂooding was performed until to 98% of water content. The
oil recovery efﬁciency at different stages was compared,
and the best slug combination mode for APPF with different
concentrations was determined according to the EOR value.
The different slug combination modes substantially
affected the oil displacement effect of APPF (Tab. 2).
Among them, the “high–low–high” was the best concentration slug combination due to that the EOR was increased
by 6.68%. And “medium–low–high” had the lowest effect
on oil displacement because the EOR was only increased
by 4.79%. These results might be due to the fact that
high–low–high concentration slug combination guaranteed
the transport capacity of asphalt particles, and its posthigh-concentration slug effectively delayed the subsequent
water injection breakthrough on the basis of sealing the
high permeability layer. The low-concentration slug had a
relatively poor plugging effect and a weak ability to
improve the proﬁle when “medium–low–high” of slug combination mode was used. Therefore, the use of the high–low–
high concentration slug combination mode had the best
effect on oil displacement.

3 Numerical simulation of proﬁle control
of asphalt particles
3.1 Model establishment based on numerical simulation
Wells group Z4 (actual typical well area in Daqing oilﬁeld
with 12 injection wells and 16 production wells) was used
as the research object. Its parameters included an effective
thickness of 14.6 m, the average permeability of 820 mD,
and it was developed by oblique line well pattern
(250 m  250 m). It was polymer-injected in January 2004,
and gradually transferred to the succeeding water ﬂooding
after December 2009. The water content was 94.4%, and
the oil recovery efﬁciency was 51.8%, when polymer injection
stopped. After water ﬂooding, water content was 96.25% and
total oil recovery efﬁciency reached to 53.4%.
The proﬁle control effect was predicted with numerical
simulation method using Eclipse software. In order to ensure
the precision of simulation and prediction accuracy, a
25 m  25 m planar mesh was established, and 40 small layers
(0.5 m of thickness) were subdivided in the longitudinal
direction. The total grid number was 62  62  40 = 153 760.
3.2 Scheme design and development

2.3 Optimization of asphalt slug concentration
combination
Three concentrations of asphalt proﬁle control ﬂuids (high,
5000 mg/L; medium, 3500 mg/L; and low, 1500 mg/L) were

Asphalt injection was performed from November 2013 to
June 2014, and the water content and cumulative oil production were predicted until to December 2018. The effects
of APPF with different concentrations (1000, 1500, 2000,
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Table 1. Recovery efﬁciency and permeability before and after plugging at different asphalt concentrations.
Asphalt
concentration
(mg L 1)

Permeability before
asphalt injection
(10 3 lm2)

Permeability after
asphalt injection
(10 3 lm2)

Water ﬂood to
water cut 98%

Polymer
ﬂood

Asphalt
injection

EOR
(%)

1213
1245
1208
1195
1192
1241
1196
1206
1216

512
502
486
475
452
431
423
415
412

39.24
37.21
39.62
40.12
41.05
41.26
41.87
39.15
38.36

49.11
49.23
48.32
48.54
48.75
49.14
49.24
48.75
48.24

51.34
51.73
51.23
52.24
54.22
55.64
57.52
55.21
54.64

2.23
2.50
2.91
3.70
5.47
6.50
8.28
6.46
6.40

1000
1500
2000
2500
3000
3500
4000
4500
5000

Oil recovery efﬁciency (%)

EOR, Enhanced Oil Recovery.

Table 2. Oil recovery efﬁciency at different slug combination modes.
Different concentration slug combination

Oil recovery efﬁciency (%)

EOR (%)

Water ﬂood

Polymer ﬂood

Asphalt injection

34.23
41.02
39.26
40.30
40.34

49.46
49.97
50.89
52.87
51.56

56.14
55.36
56.22
58.24
56.87

High–low–high
Low–high–low
Low–medium–high
High–medium–low
Medium–low–high

6.68
5.39
5.33
5.37
5.31

EOR, Enhanced Oil Recovery.

2500, 3000, 3500, 4000, 4500, and 5000 mg/L), injection
speed (0.10, 0.12, 0.13, 0.15, and 0.17 PV/a), proﬁle control
radius (1/3, 1/2, and 2/3 of well spacing), asphalt proﬁle
timing (95%, 96%, and 97% of water content) and slug
combination mode (high–low–high, low–high–low, low–
medium–high, high–medium–low, and medium–low–high)
on water content and cumulative oil production were determined by single factor numerical simulation test (Tab. 3).
3.3 Results and discussion

3.3.2 Injection speed
The best injection speed was determined at the
injection concentration of 4000 mg/L (Figs. 2a and 2b).
The falling range of water cut decreased and cumulative
oil production increased with the increasing injection rate.
However, water cut and cumulative oil production at injection speed 0.15 PV/a were similar to that at 0.17 PV/a
injection speed, indicating that the best injection speed
was 0.15 PV/a.

3.3.1 Injection concentration of asphalt particle

3.3.3 Proﬁle radius

Based on the actual ﬁeld injection rate, the injection asphalt
concentration was optimized. The water content decreased
and the cumulative oil production increased with increasing
the injection concentration (Figs. 1a and 1b). However, the
decreased amplitude of water content and the increase rate
of cumulative oil production decreased gradually with the
concentration increased from 1000 mg/L to 5000 mg/L.
The water content and cumulative oil production did not
have obviously changed from the concentration of 4000–
5000 mg/L. Therefore, 4000 mg/L was the best injection
concentration of asphalt particle.

When the injection concentration and speed were
4000 mg/L and 0.15 PV/a (asphalt medium distribution
diagram of 1/3 and 1/2 well spacing proﬁle radius are
shown in Figs. 3a and 3b),the effects of different proﬁle
radius on the water cut and cumulative oil production were
determined (Figs. 3c and 3d). The proﬁle radius of 1/2 and
2/3 well spacing led to the lower water content and the
higher cumulative oil production than 1/3 well spacing at
the same period, and there were not signiﬁcantly differences
between 1/2 and 2/3 well spacing. Based on the perspective
of economy, 1/2 well spacing might be chosen.
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Table 3. Single factor index value of asphalt proﬁle control.
Concentration
(mg/L)
1000,
2000,
3000,
4000,
5000

1500
2500
3500
4500

Injection
speed (V/a)

Proﬁle radius
(well space)

Proﬁle control
timing (water cut)

Slug combination mode

0.10
0.12
0.13
0.15
0.17

1/3
1/2
2/3
–
–

95%
96%
97%
–
–

High–low–high
Low–high–low
Low–middle–high
High–middle–low
Middle–low–high

Fig. 1. (a) Water cut and (b) cumulative oil production in different periods at different asphalt concentrations.

Fig. 2. (a) Water cut and (b) cumulative oil production in different periods at different asphalt injection rates.

3.3.4 Proﬁle control timing
Three water cut (95%, 96%, and 97%) were used to determine proﬁle control timing according to the actual water
cut (96.4%). When water cut was low, there was a better
proﬁle control effect after polymer ﬂooding (AlSoﬁ and

Blunt, 2014). Surprisingly, the water content of 96% was
the best timing for asphalt proﬁle (Figs. 4a and 4b).
The injection of APPF at a water cut of 95% resulted
the lowest water cut before June 2013, and then water
cut was a rapidly increase trend with time increasing, and
the water cut curve caused by injection of APPF at water
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Fig. 3. Asphalt medium distribution diagram of (a) 1/3 and (b) 1/2 well spacing proﬁle radius and (c) water cut of the model and
(d) cumulative oil production in different periods at different asphalt proﬁle radius.

Fig. 4. (a) Water cut of the model and (b) cumulative oil production in different periods at different timings of asphalt proﬁle
control.
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Fig. 5. (a) Water cut of model and (b) cumulative oil production for different asphalt proﬁle control slug combination modes at
different periods.

cut 95% was higher than 96% and 97% from end of 2013 to
middle of 2018, and the water cut by the injection APPF at
water cut 97% was slightly higher than at water content of
96%. However, the cumulative oil production caused by
asphalt injection at water content 96% was signiﬁcantly
higher than 95% and 97%. Therefore, it is the best time
to inject APPF when the water content is 96%.
3.3.5 Slug combination mode
Based on the preferred optimal concentration (4000 mg/L),
three concentrations (high, 4000 mg/L; medium,
2000 mg/L; and low, 1000 mg/L) were used to set up ﬁve
kinds of slug combination modes (high–low–high, low–
high–low, low–medium–high, high–medium–low, and
medium–low–high). Three injection concentrations were
exchanged every three months from November 2013 to July
2014. For example, the high–medium–low means 4000–
2000–1000 mg/L. Compared to other slug combination
mode, the high–medium–high mode resulted in the lowest
water cut and highest cumulative oil production at the
same period, and low–high–low mode caused the lowest
decrease in water content during total test period
(Figs. 5a and 5b). These results were due to that high concentration slug effectively blocked the high permeability
layer and improved the producing condition of middle and
low permeability layers in the early, low concentration slug
adjusted the middle and low permeability layers at middle
period, and high concentration slug consolidated the proﬁle
control effect in the last stage, resulting in that high, middle
and low permeability layers were effectively utilized and the
highest cumulative oil production. But when the low–
middle–high mode was used, low concentration slug did
not closure the high permeability layer in the early, leading
to the higher decline in water cut than low–high–low mode,
and the increase of water cut decreased signiﬁcantly due to
the effect of high-concentration blocking on the hypertonic
layer in the later period. The opposite result could be

obtained in the high–low–high mode. Therefore, high–
low–high was the best slug combination mode.
3.4 Increasing production mechanism of asphalt
proﬁle control
3.4.1 Comparison of proﬁle and non-proﬁle
development indicators
The lowest water cut was 95.43% obtained after proﬁle control, which was lower than 96.4% water cut before proﬁle
control. The cumulative oil predicted was 66.38  104 m3
until to the end of 2018 after proﬁle control, which was
higher than non-proﬁle control.
3.4.2 Characteristics of proﬁle and non-proﬁle planar
seepage areas
The proﬁle and non-proﬁle ﬂuid seepage ﬁeld images at the
same period were compared to study increasing production
mechanism of asphalt proﬁle control. Proﬁle control was
performed in June 2014, asphalt medium was clearly discovered in proﬁle control areas of the seepage ﬁeld after
eight months, but that was not found in non-proﬁle areas
(Figs. 6a and 6b).
During the process of injecting the asphalt medium in the
proﬁle control area, the asphalt medium was distributed
radially around the injection well, which obviously divided
the original seepage ﬁeld, effectively plugged the near-well
and inter-well zones, and expanded the diffusion volume of
the injection agent, and had a positive effect on increasing
oil production and reducing water content. However, high
permeability ﬂooded strips in non-proﬁle areas of the seepage
ﬁelds in both schemes (proﬁle and non-proﬁle control) did
not have obvious difference and were not improved.
The seepage ﬁeld images in proﬁle and non-proﬁle control schemes after 4 years (December 2018) was shown in
Figures 6c and 6d. In non-proﬁle scheme, the water was distributed contiguously between injection and production
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Fig. 6. Asphalt medium distribution diagram of proﬁle and non-proﬁle control at different period. (a) Non-proﬁle ﬂuid seepage ﬁeld in
Jun 2014; (b) proﬁle ﬂuid seepage ﬁeld in Jun 2014; (c) non-proﬁle ﬂuid seepage ﬁeld in Dec 2018; (d) proﬁle ﬂuid seepage ﬁeld in Dec 2018.

well, and which between the oil wells the situation was
mostly in high ﬂooded area, which is obviously not conducive to development. However, in proﬁle control scheme,
the injection-production wells were clearly divided by the
asphalt medium, which effectively prevented the formation
of ﬂooded channels between the injection-production wells
and expanded the water-ﬂood swept area.
3.4.3 Characteristics of proﬁle and non-proﬁle
vertical seepage areas
In order to observe the proﬁle and non-proﬁle vertical
seepage ﬁeld characteristics, seven wells (three injection
and four production) from northwest to the southeast in
block ﬂoor plan were selected, including two injection wells

in proﬁle control area and one injection well in non-proﬁle
area. The joint well section was drawn (Figs. 7a and 7b).
According to the proﬁle during the proﬁle control process
in July 2014 (Figs. 7c and 7d), the reservoir using situation
of the near-well zone of the two asphalt particle injection
wells was very good in the proﬁle control scheme, and
producing proﬁle in the proﬁle control scheme was more
uniform than that in the non-proﬁle scheme, and the high
and low permeability layers in the longitudinal direction
were effectively produced, but the sudden phenomenon in
non-proﬁled areas of both schemes (proﬁle and non-proﬁle
control) was very seriously.
The proﬁle in proﬁle and non-proﬁle control schemes
after 4 years (December 2018) of proﬁle control was shown
in Figures 7e and 7f. In the proﬁle scheme, water onrush
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Fig. 7. Joint well proﬁle sketch diagram, and asphalt ﬂuid seepage diagram of proﬁle and non-proﬁle control schemes at different
periods. (a) Joint well proﬁle sketch diagram; (b) joint well section front view diagram; (c) non-proﬁle ﬂuid seepage ﬁeld in Jun 2014;
(d) proﬁle ﬂuid seepage ﬁeld in Jun 2014; (e) non-proﬁle ﬂuid seepage ﬁeld in Dec 2018; (f) proﬁle ﬂuid seepage ﬁeld in Dec 2018.

phenomenon disappeared, and water breakthrough along
in one direction and longitudinal sections of the producing
status were improved, and the longitudinal swept volume
was expanded, which enhanced the producing effect of oil
layer.

4 Conclusion
According to the numerical simulation results of typical
wells, the optimal proﬁle concentration, injection speed,
proﬁle radius, and proﬁle timing were obtained. Under

F. Wang et al.: Oil & Gas Science and Technology – Rev. IFP Energies nouvelles 75, 30 (2020)

single slug conditions, the optimal concentration, injection
rate, proﬁle control radius, and injection timing were
4000 mg/L, 0.15 PV/a, 1/2 well spacing, and 96% water
content, respectively. Under multi-segment conditions, the
best multi-segment injection method was “high–low–high”
concentration segment combination. During the injection
of the asphalt medium in the proﬁle control zone, the
asphalt medium prevented the ﬂooded channels between
injection and production wells in the plane effectively,
and greatly improved the unidirectional water injection
breakthrough situation and the swept volume in the longitudinal direction. The asphalt proﬁle control method could
effectively block the dominant seepage channel that was not
effectively blocked during the injection and polymerization
process, expanded the volume of the injection agent,
improved the producing degree of the medium and low
permeability layers and the development effect of the block,
and achieved an effective development of thick oil layers
after polymer ﬂooded.
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