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a b s t r a c t

Laboratory polymer flooding tests conducted in sandpacks show great potential for improving heavy oil
recovery. The high price of crude oil and wide application of horizontal wells make polymer flooding
both economically affordable and technically feasible for heavy oil reservoirs. Field applications of
polymer flooding in heavy oil reservoirs are currently being pursued. As polymer injection involves great
investment, laboratory evaluations are essential prior to the field-scale application. However, due to high
oil viscosities, large volumes of fluids have to be injected into sandpacks or reservoir cores in order to
reach reasonable recoveries, which is a time-consuming process.

This study establishes a fast and effective method to examine the potential of enhanced heavy oil
recovery by polymer flooding. Experimental results of sandpack polymer flooding tests, for heavy oil
samples with different viscosities, are analyzed. For each heavy oil sample, the polymer viscosity-
sensitive range, within which tertiary recovery increases dramatically with increasing polymer viscosity,
is different. To facilitate the evaluation of polymer flooding potential for heavy oils with various
viscosities, the oil–water mobility ratio at the end of initial waterflooding is chosen as a normalization
factor. Using normalization, an identical oil–water mobility ratio-sensitive range can be obtained for
heavy oils with different viscosities. Based on the normalized relationship, the potential of enhanced
heavy oil recovery by polymer injection can be quickly and effectively evaluated.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

As early as the 1940s, petroleum researchers had recognized that
fluid mobilities during waterflooding could affect secondary oil
recovery (Russell et al., 1947). Later, it was established that water-
flooding efficiency could be improved by lowering the water–oil
mobility ratio (Aronofsky, 1952; Dyes et al., 1954). Pye (1964) and
Sandiford (1964) found that water mobility could effectively be
reduced by adding small amounts of water soluble polymers. Ever
since then, polymer flooding has been comprehensively evaluated
in the laboratories and industrial field practice. In the 1980s,
polymer flooding became a widely used EOR method, and more
than 200 projects were started worldwide (Taber et al., 1997). In the
USA alone, 178 polymer flooding projects were active in 1986 with a
total oil production of over 15,000 bbl/d. During the 1990s, the
number of polymer flooding projects around the world was sharply
reduced as crude oil price dropped to roughly $20/bbl. However,
research projects on polymer flooding continued, funded by both
industrial and governmental sponsors. Nowadays, with a relatively
stable crude oil price, around $100/bbl, and the invention of low

cost polymers, polymer flooding is staging a comeback. In 2004,
there were 31 commercial-scale polymer flooding projects in the
Daqing oilfield in China, with approximately 220,000 bbl/d oil
production and 12% OOIP incremental as of 2005 (Chang et al.,
2006). Polymer flooding also found its application in the exploita-
tion of heavy oil reservoirs. Zaitoun et al. (1998) reported a polymer
flooding pilot in Pelican Lake, Alberta. The dead oil viscosity was
1000–25,000 mPa s at the reservoir temperature of 15 1C, and the
estimated incremental recovery was around 5%. Canadian Natural
resources Ltd. started polymer flooding projects for heavy oils with
viscosities of 800–80,000 mPa s in 2005, and the incremental
recovery from polymer flooding of the pilot zone was around
15%–21% (Levitt et al., 2011). Cenovus Energy Inc. piloted polymer
flooding in the Pelican Lake area in 2003, and had 52 polymer
flooding rollout projects in 2010. The ultimate incremental heavy oil
recovery from polymer flooding was estimated to be around 5%.

Positive feedback from field practices has further stimulated
recent research on enhanced heavy oil recovery (EHOR) by polymer
flooding. Wang and Dong (2007) investigated the relationship
between incremental heavy oil recovery and the effective viscosity
of a polymer solution. They used polymer solutions with different
concentrations to displace a 1450 mPa s oil sample (21 1C) in both
homogenous and channeled sandpacks. Experimental results
revealed that within a certain viscosity range for polymer solution
(viscosity-sensitive region), the incremental oil recovery increased
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noticeably as the viscosity of the polymer increased within the
effective viscosity range. In other words, when polymer solution
had a viscosity below the lower viscosity limit or beyond the upper
limit, incremental heavy oil recovery did not change much with
polymer viscosity. They also found that the existence of a highly
permeable channel significantly reduced the heavy oil recovery
increment. In a second paper, Wang and Dong (2009) conducted
28 polymer flooding tests for heavy oil with viscosities ranging from
430 mPa s to 5500 mPa s at 21 1C. For each test, a certain pore
volume (PV) of water was pumped into the sandpacks until the oil
recovery reached approximately 42%. Next, 0.5 PV of polymer solu-
tion was injected, followed by 1.0 PV extended waterflooding. They
observed that there existed an S-shaped curve for each heavy oil
sample they tested, and that the viscosity-sensitive region shifted to
higher values for more viscous oils. Seright (2010) studied the
potential of polymer flooding for viscous oils in the North Slope
reservoirs. He performed fractional-flow analysis and concluded that
high mobile oil saturation and relatively high degree of crossflow
would make the application of polymer flooding more favorable in
heavy oil reservoirs. If there is no crossflow, polymer flooding of a
two-layered reservoir, with 1000 mPa s oil, using a 10 mPa s polymer
solution, will yield the maximum benefit; further increasing the
viscosity of polymer solution only yields marginal benefit. Bondino
et al. (2011) performed polymer flooding tests for a heavy sample
(7000 mPa s) at 23 1C, in both a cylindrical core and a two-
dimensional slab. For both models, polymer flooding could recover
an additional 30% OOIP heavy oil after 5.0 PV water injection.
Polymer flooding was seen to be less sensitive to geometry than
waterflooding. Levitt et al. (2011) also observed that incremental
heavy oil recovery was insensitive to polymer viscosity over a wide
range. However, they found that there was no lower limit for
polymer viscosity, and polymer solutions with very low concentra-
tion could effectively increase viscous oil recovery after initial
waterflooding, which contradicted the results by Wang and Dong
(2009). They attributed the anomalous results to their model's failure
to capture the subtle dependence of instability on viscosity differ-
ences, relative permeability curves and core geometry. Another
possible reason for the anomalous results is that they used different
polymer injection scheme after initial waterflooding. They continu-
ously injected polymer solution after waterflooding, while Wang and
Dong (2009) injected 0.5 PV polymer solution, followed by 1.0 PV
extended waterflooding. The experiments by Szabo (1975) also
indicated that higher polymer concentrations or larger slug sizes
were required to effectively improve the mobility control in high-
permeability sands.

Laboratory investigations have already shown that polymer
flooding of viscous oils can provide much higher than expected oil
recoveries. In addition, Wang and Dong (2007, 2009) have estab-
lished the relationship between incremental heavy oil recovery
and polymer viscosity, which could be helpful in evaluating the
potential of polymer flooding for heavy oil reservoirs. However,
the application of this relationship is restricted because the
viscosity-sensitivity ranges are different for viscous oils with
different viscosities. It is in this context that the main objectives
of this study are set: (1) to identify a normalization factor to
normalize these S-shaped curves for different heavy oils into a
single normalized curve; (2) to validate the normalized curve; and
(3) to demonstrate how to use the S-shaped curve to evaluate the
potential of polymer flooding for heavy oil reservoirs.

2. Experimental results

Wang and Dong (2009) conducted polymer flooding tests for
heavy oils with various viscosities in wet-packed sandpacks with a
diameter of 4.25 cm and a length of 6.6 cm. The porosity and

permeability of the sandpacks were approximately 35% and 7 mm2,
respectively. For each test, the sandpack was first flooded with
heavy oil, until the initial water saturation reached approximately
10%–12%. Next, water was injected, at a constant flow rate of
10 cm3/h. For the test with the 430 mPa s heavy oil sample,
waterflooding was continued until water cut reached 99%, and
the corresponding oil recovery was around 42%. In their study all
the polymer flooding tests were started at approximately the same
waterflooding oil recovery or remaining oil saturation to identify
the effect of polymer viscosity on increased heavy oil recovery
while eliminating the impact of remaining oil saturation. After
waterflooding, a 0.5 PV polymer slug was injected, followed by
1.0 PV extended waterflood. The experimental result for each test
is summarized in Table 1. The incremental heavy oil recovery is
plotted as a function of polymer viscosity in Fig. 1.

As indicated in Fig. 1, there is a polymer-viscosity-sensitive
range for incremental recovery by polymer flooding for each heavy
oil sample tested. Outside this range, incremental recovery hardly
varies with polymer viscosity. For instance, the approximate
viscosity-sensitive range for 1450 mPa s heavy oil is from the
lower limit of 30 mPa s to the upper limit of 40 mPa s. Within this
range, the recovery increment increases almost linearly with
polymer viscosity. The problem with these S-shaped curves is that
for oils with different viscosities, the viscosity-sensitive ranges are
different, which greatly restricts its application. For heavy oil with

Table 1
Summary of sandpack flood tests (430, 1450 and 2900 mPa s).

Oil
viscos-
ity

Waterflooding
recovery

Polymer effective
viscosity

Incremental
recovery

Final oil
recovery

(mPa s) (%OOIP) (mPa s) (%OOIP) (%OOIP)

430 41.9 3.6 2.2 44.1
42.4 8.5 4.9 47.3
41.8 10.7 14.6 56.4
40.2 15.2 15.7 55.9
40.2 21.8 17.5 57.7

1450 42.7 21.8 4.1 46.8
42.2 29.3 5.2 47.4
42.5 38.4 14.3 56.8
42.2 51.8 16.7 58.9
41.9 76.3 19 60.9

2900 40.9 21.8 2.8 43.7
41 38.4 3.7 44.7
40.4 51.8 13.5 53.9
42.4 76.3 16.5 58.9
41.5 93.2 18.4 58.2
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Fig. 1. S-shaped relationship between incremental oil recovery and polymer viscosity.
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different viscosities other than the three samples tested (430, 1450
and 2900 mPa s), additional polymer flooding tests have to be
performed to establish the corresponding S-shaped relationship.

3. Normalization of S-shaped curves

In order to facilitate the application of these S-shaped curves
for the evaluation of the recovery potential of polymer flooding for
different heavy oils, a normalized relationship between the incre-
mental recovery and polymer viscosity is required. In this study,
one normalization factor is identified, then used to normalize the
three S-shaped curves in Fig. 1 into a single curve.

3.1. Selection of normalization factor

In waterflooding of heavy oils, the injected water tends to
fingering through the heavy oils due to the adverse mobility ratio
and the displacements are characterized by early breakthrough
and poor sweep efficiency. Several studies (Mai and Kantzas, 2010,
Doorwar and Mohanty, 2011; Buchgraber et al., 2011; Dong et al.,
2012) have indicated that even on a core scale severe viscous
fingering occurs during waterflooding of heavy oils. The subse-
quent injected water will preferentially flow through these low
resistivity water channels, leaving a large amount of heavy oil
untouched. The incremental heavy oil recovery, after initial water-
flooding, is mainly determined by the improvement of sweep
efficiency by polymer flooding (Zhang et al, 2010). The sweep
efficiency is dependent on the mobility ratio in homogenous
sandpacks. Therefore, the oil–water mobility ratio at the end of
waterflooding, Mwf, is used as a normalization factor to normalize
these S-shaped curves. This relationship can be modeled with the
equation:

Mwf ¼
μef f krowf

μokrwwf

where μeff is the effective viscosity of injected polymer solution,
krowf is the oil relative permeability at the end of initial water-
flooding, μo is the heavy oil viscosity and krwwf is the water relative
permeability at the end of initial flooding.

3.2. Calculation of normalization factor

In order to calculate Mwf, the water saturation at the end of
waterflooding must first be determined, since relative permeabil-
ities are functions of water saturation. According to the classic
Buckley–Leverett theory, there is a saturation shock before water
breakthrough for waterflooding of conventional light oil. Along the
sandpack, from the inlet to the outlet, the water saturation is
changing after water breakthrough. Therefore, it is unrealistic to
calculate the oil–water mobility ratio at the end of waterflooding
for conventional light oil. However, this is not the case for water-
flooding of heavy oil. Due to the large heavy oil–water viscosity
ratio, injected water tends to finger through the heavy oil, and
large pore volumes of water injection results in a uniform water
saturation distribution along the sandpack. In other words, there is
no evidence of saturation shock during waterflooding of heavy oil
(Bondino et al., 2011). An alternative explanation for uniform
saturation distribution is that oil emulsifies into injected water
as a result of in-situ native surfactant. This phenomenon may be
seen on the reservoir scale where displacement energy is high. If
emulsification occurs, there is a possibility that the injected
polymer tends to promote emulsion formation and stabilize them
(Dickinson, 1992; Qiu, 2013). In this study, all the displacements
were conducted at relatively small pressure drop and no emul-
sions were observed.

The material balance method can be used to calculate the water
saturation at the end of initial waterflooding of heavy oil (Swrwf):

Swrwf ¼ 1�ð1�SwiÞð1�Rwf =100Þ
where Swi is the initial water saturation (PV), and Rwf is the heavy
oil recovery by initial waterflooding (%).

The relative permeabilities must also be determined to calcu-
late Mwf. By conducting unsteady-state displacement tests,
Wang et al. (2006) measured the relative permeability curves for
heavy oil–water systems with oil viscosity ranging from 430 to
13,550 mPa s. Their results are displayed in Figs. 2 and 3. As can be
seen from the two figures, the relative permeabilities of water
almost become straight lines for more viscous oils, indicating that
viscous fingering occurs during the displacements.

The calculation results of normalization factors for different
heavy oils are summarized in Tables 2–4. The relative permeability
values for 430, 1450 and 2900 mPa s heavy oils can either be
directly read, or interpolated, from the curves in Figs. 2 and 3.

3.3. Normalized relationship between tertiary recovery, Rtertiary,
and oil–water mobility ratio

The tertiary heavy oil recovery curves are replotted as a
function of the oil–water mobility ratio at the end of water-
flooding, Mwf, as shown in Fig. 4. It can be seen that the originally
scattered points become closer, and seem to coincide into a single
S-shaped curve. This indicates that incremental heavy oil recovery
is strongly correlated with the oil–water mobility ratio at the end
of initial waterflooding.

4. Validation of the S-shaped relationship

Nine experimental results of polymer flooding tests of heavy
oils, with viscosities of 1108 mPa s and 5500 mPa s, summarized in
Table 5, are used to validate the normalized S-shaped curve.

The normalization factors for these nine tests are calculated
and listed in Tables 6 and 7. The tertiary recoveries of polymer
flooding for 1108 mPa s and 5500 mPa s heavy oils are plotted as a
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function of oil–water mobility ratio at the end of initial water-
flooding, as shown in Fig. 5. Each point in Fig. 5 represents one
polymer flooding test result for heavy oil. It can be seen that all of
the points fall into the region of the normalized S-shaped curve,
indicating that this S-shaped relationship between tertiary recov-
ery and oil–water mobility ratio at the end of waterflooding is also
effective for heavy oils with various viscosities.

5. Discussion and application

For heavy oils with different viscosities, there is an identical
mobility-ratio-sensitive range for tertiary recovery by polymer
flooding. The lower limit of the sensitive range is approximately
0.18 and the upper limit is roughly 0.3, as shown in Figs. 4 and 5. In
other words, if the oil–water mobility ratio falls into the range of
0.18–0.3, the tertiary heavy oil recovery increases rapidly with the
increasing of the effective viscosity of polymer solution. The
existence of the lower limit can be explained as follows: when
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Table 2
Oil–water mobility ratio, at the end of waterflooding, for heavy oil (430 mPa s).

Rwf Swi Swrwf krowf krwwf μeff Mwf Rtertiary
(%) (PV) (PV) (mPa s) (%)

41.90 0.112 0.48 0.1532 0.0171 3.6 0.0750 2.2
42.40 0.109 0.49 0.1530 0.0173 8.5 0.1748 4.9
41.80 0.125 0.49 0.1530 0.0173 10.7 0.2201 14.6
40.20 0.133 0.48 0.1532 0.0171 15.2 0.3167 15.7
40.20 0.135 0.48 0.1532 0.0171 21.8 0.4542 17.5

Table 3
Oil–water mobility ratio, at the end of waterflooding, for heavy oil (1450 mPa s).

Rwf Swi Swrwf krowf krwwf μeff Mwf Rtertiary
(%) (PV) (PV) (mPa s) (%)

42.70 0.107 0.49 0.1250 0.0133 21.8 0.1413 4.1
42.20 0.111 0.49 0.1250 0.0133 29.3 0.1899 5.2
42.50 0.086 0.47 0.1254 0.0130 38.4 0.2555 14.3
42.20 0.101 0.48 0.1252 0.0131 51.8 0.3414 16.7
41.90 0.109 0.48 0.1252 0.0131 76.3 0.5029 19.0

Table 4
Oil–water mobility ratio, at the end of waterflooding, for heavy oil (2900 mPa s).

Rwf Swi Swrwf krowf krwwf μeff Mwf Rtertiary
(%) (PV) (PV) (mPa s) (%)

40.90 0.11 0.47 0.0953 0.0074 21.8 0.0968 2.8
41.00 0.111 0.48 0.0951 0.0076 38.4 0.1657 3.7
40.40 0.121 0.47 0.0953 0.0074 51.8 0.2300 13.5
42.40 0.119 0.49 0.0950 0.0080 76.3 0.3124 16.5
41.50 0.115 0.49 0.0950 0.0080 93.2 0.3816 18.4
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Fig. 4. Normalized relationship between tertiary oil recoveries of three oil samples
and oil–water mobility ratio at the end of waterflooding.

Table 5
Summary of sandpack flood tests (1108 and 5500 mPa s).

Oil
viscos-
ity

Waterflooding
recovery

Polymer effective
viscosity

Incremental
recovery

Final oil
recovery

(mPa s) (%OOIP) (mPa s) (%OOIP) (%OOIP)

1108 40.3 10.7 3.9 44.2
42.2 15.6 4.4 46.6
41.8 29.3 12.0 53.8
41.5 38.4 14.5 56

5500 41 21.8 2.8 43.8
41.6 51.8 4.2 45.8
41.4 112.5 17 58.4
42.3 128.8 18.2 59.9
42.6 193.2 18.7 61.7

Table 6
Oil–water mobility ratio, at the end of waterflooding, for heavy oil (1108 mPa s).

Rwf Swi Swrwf krowf krwwf μeff Mwf Rtertiary
(%) (PV) (PV) (mPa s) (%)

40.30 0.092 0.46 0.1373 0.0148 10.7 0.0896 3.9
42.20 0.106 0.48 0.1370 0.0150 15.6 0.1286 4.4
41.80 0.11 0.48 0.1370 0.0150 29.3 0.2415 12.0
41.50 0.108 0.48 0.1370 0.0150 38.4 0.3165 14.5

Table 7
Oil–water mobility ratio, at the end of waterflooding, for heavy oil (5500 mPa s).

Rwf Swi Swrwf krowf krwwf μeff Mwf Rtertiary
(%) (PV) (PV) (mPa s) (%)

41.00 0.107 0.47 0.0758 0.0049 21.8 0.0613 2.8
41.60 0.105 0.48 0.0754 0.0050 51.8 0.1420 4.2
41.40 0.102 0.47 0.0758 0.0049 112.5 0.3164 17.0
42.30 0.115 0.49 0.0752 0.0052 128.8 0.3387 18.2
42.60 0.105 0.49 0.0752 0.0052 193.2 0.5080 18.7
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water is injected into water-wet sandpacks saturated with heavy
oil and connate water, due to the large heavy oil–water viscosity
ratio, the injected water tends to fingering through the heavy oils,
creating complex water channels. After breakthrough, the subse-
quent injected water preferentially flows through the low resis-
tivity water channels, leaving large amount of heavy oils
untouched. In the tertiary polymer flooding stage, the injected
polymer solution is capable of blocking the water channels and
diverting the injected fluid to the un-swept zone. The capacity of
blocking water channels and diverting flows is proportional to the
mobility of the polymer solution. Meanwhile, the pressure drop
required to displace viscous oil out of the un-swept zone is
inversely proportional to the mobility of the heavy oil. Therefore,
there is a lower limit of the oil–water mobility ratio beyond which
a notable incremental recovery can be achieved. The existence of
the upper limit can also be readily explained. The recovery of
heavy oil in sandpacks is equal to the product of volumetric sweep
and displacement efficiency. The maximum volumetric sweep is
100%, so the maximum recovery can be calculated as

Rmax ¼ ð1�Swi�SorÞ=ð1�SwiÞ
where Sor is the residual oil saturation. In all of the polymer
flooding tests, the initial water saturation, Swi, is around 0.1, and
the residual oil saturation is about 0.35. Therefore, the maximum
recovery Rmax is approximately 60%. Thus, there is an upper limit
for the sensitive range.

The normalized relationship between tertiary recovery and oil–
water mobility ratio is quite useful in estimating the potential of
tertiary heavy oil recovery by polymer flooding after initial water-
flooding. For instance, after the waterflooding recovery reaches to
42% OOIP, if 16% incremental recovery is desired for polymer
flooding of a heavy oil with viscosity of 1860 mPa s, the oil–water
mobility ratio has to reach approximately 0.3, as shown in Fig. 6. A
summary of detailed evaluation results for the polymer flooding
potential of heavy oils of 1860 mPa s and 5410 mPa s are presented
in Table 8 and Table 9, respectively.

As seen from the application of the procedure discussed above,
this method is a fast and effective means to estimate the potential
of tertiary heavy oil recovery by polymer flooding, as neither
experiment nor numerical simulation is needed.

It should be pointed out that this approach is only applicable to
strongly water-wet heavy oil reservoirs. The wettability conditions
of heavy oil reservoirs will restrict the universal application of this
approach. As Hatfield et al. (1982) have suggested that the heavy
oil deposits can be generally divided into two types: oil-wet and
water-wet. For the oil-wet reservoirs, heavy oil is directly bonded

to the sand grains with little or no water present. Most of the
heavy oil reservoirs found in the United States are oil-wet. In the
water-wet reservoirs, heavy oil is separated from the silica sand
grain by a film of water and the deposits in the Athabasca region of
Canada are typically water-wet. Several researchers (Bowman,
1967; Dusseault and Morgenstern, 1978; Takamura, 1982; Butler,
1997; Czarnecki et al., 2005; Liu et al., 2007) have mentioned that
heavy oil reservoirs in Western Canada are preferentially water-
wet. These reservoirs are characterized by high initial water
saturation of 30%–40% (Canadian Natural Resources Limited
(CNRL), 2013; Cenovus Energy, 2013) and high average water-
flooding recovery of 24% OOIP (Renouf, 2007), indicating that the
reservoir sand is water-wet.

Another question one may have is the relevance of the experi-
ments of this study to the field experience. In all the tests prior to
polymer flooding more than 40% OOIP has been already recovered
by waterflooding which may seems unrealistic in the field opera-
tion. The purpose of this research is to evaluate the polymer
flooding potential for heavy oil reservoirs in Western Canada.
Assuming an average initial water saturation of 30% and average
waterflooding recovery of 25% OOIP, the average water satur-
ation would be 47.5% in these reservoirs after waterflooding.
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Table 8
Evaluation results of polymer flooding of heavy oil with viscosity of 1860 mPa s.

Mwf krowf krwwf Required polymer
viscosity

Rtertiary

(mPa s) (%)

0.18 0.104 0.011 36.8 4.8
0.20 0.104 0.011 40.9 6.2
0.22 0.104 0.011 45.0 10.0
0.24 0.104 0.011 49.1 13.0
0.26 0.104 0.011 53.2 14.7
0.28 0.104 0.011 57.3 15.5
0.30 0.104 0.011 61.4 16.0

Table 9
Evaluation results of polymer flooding of heavy oil with viscosity of 5410 mPa s.

Mwf krowf krwwf Required polymer viscosity Rtertiary
(mPa s) (%)

0.18 0.069 0.005 70.6 4.8
0.20 0.069 0.005 78.4 6.2
0.22 0.069 0.005 86.2 10.0
0.24 0.069 0.005 94.1 13.0
0.26 0.069 0.005 101.9 14.7
0.28 0.069 0.005 109.8 15.5
0.30 0.069 0.005 117.6 16.0

Z. Guo et al. / Journal of Petroleum Science and Engineering 112 (2013) 335–340 339



The experiments in this research are deliberately designed to
mimic the post-waterflooding water saturation distribution in the
real reservoirs. For all the sandpack tests, the water saturation
after initial waterflooding is around 46%–49%, fairly close to that in
the reservoirs. Based on this analogous water saturation, polymer
flooding tests are conducted to study its potential on enhanced
heavy oil recovery. In this sense, this approach has the capacity to
evaluate the performance of real polymer floods.

6. Concluding remarks

Polymer flooding test results were analyzed to identify a fast
and effective method to estimate enhanced heavy oil recovery by
polymer flooding. The following conclusions have been reached by
this study:

For heavy oils with different viscosities, the polymer-viscosity-
sensitive ranges are different, which greatly restricts its applica-
tion. By choosing the oil–water mobility ratio at the end of initial
waterflooding as a normalization factor, the scattered S-shaped
curves coincide into a single normalized curve.

Based on the normalized relationship between tertiary recov-
ery by polymer flooding and oil–water mobility ratio, the potential
of enhanced heavy oil recovery by polymer flooding can be quickly
and effectively evaluated.

The approach presented in this study is only applicable to
strongly water wet heavy oil reservoirs. All the tests were
conducted at a constant injection rate of 10 cm3/h, corresponding
to a frontal velocity of 0.5 m/d commonly used in fields of Western
Canada. The applicability of the normalized relationship to differ-
ent injection rates requires further study.
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