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Introduction

Polymer flooding is one of EOR methods which improves
oil recovery over conventional waterflooding through
modification of mobility ratio [1]. Partially hydrolyzed
polyacrylamide (HPAM) is widely used in polymer
flooding projects [2]. However, due to sensitivity of
HPAM to temperature and salinity, new HPAM-based
polymers with improved chemical structures were
introduced by recent researches. Recent researches
stated that sulfonated polyacrylamide (SPAM) can resist
salinity and temperature over than 150,000 ppm and 120
°C. Also, addition of poly-vinyl pyrrolidone to SPAM
structure improves salinity and temperature tolerance up
t0 200,000 ppm and 200 °C [3].

Polymer adsorption on rock surface is another
parameter which should be considered during
polymer screening for a high salinity/high temperature
reservoir. In addition, adsorption of polymer on rock
surface results to reduction of the viscosity of polymer
front, and as a consequence, it affects the performance
of polymer flooding [4].

This study aims to evaluate the EOR potential
application of HPAM polymer for an oil reservoir with
high salinity/high temperature condition. To do so,
rheology and polymer adsorption tests were performed
using HPAM, SPAM and SVPAM polymers.
Considering the reservoir salinity and temperature, the
optimum polymer with the highest salt and temperature
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tolerance and with the minimum polymer adsorption
was selected.

Material and Methods

Four HPAM-based polymers with different polymer
structures were selected. Polymer solutions were
prepared using synthetic seawater and reservoir brine
sample. Rheology tests were performed on polymer
solutions with concentration of 2000 ppm using an
Anton-Paar rheometer at 80 °C.

Also, polymer thermal stability tests were performed
on 2000 ppm polymer solution which were prepared
by seawater. In order to conduct polymer thermal
stability tests, polymer solutions were kept at sealed
bottles and were aged at reservoir temperature of 80
°C. Viscosity of the aged solutions were measured
after 1, 3, 5, 7, 14, 30, 60, 90 and 120 days after aging
at reservoir temperature.

Furthermore, polymer adsorption tests were performed
using 1000, 1500, 2000, 3000 and 4000 ppm polymer
solutions prepared in seawater. To do so, rock powder
was aged firstly with seawater for 24 hours at reservoir
temperature. Thereafter, polymer solutions and rock
powder were poured at test bottles, and the bottles were
kept at reservoir temperature for 48 hours. Then, the
polymer solution was separated by centrifuge, and the
final polymer concentration after aging was determined
using UV-spectroscopy. Polymer adsorption is then
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calculated using Equation (1) where A is polymer
adsorption on rock surface (micro gram adsorption per
grams of rock), V is the polymer solution volume (cc),
W_is the initial weight of rock powder (gr), C, is the
initial polymer concentration (micro gram/cc) and C,is
the final polymer concentration (micro gram/cc).

4 Ve =c (1)

N

Results and Discussion

Fig. 1 compares the studied polymer solutions based
on salt tolerance, aging effect and adsorption in rock
surface. According to the results, HPAM polymer was
insoluble in reservoir brine. However, as the result of
increase in makeup water salinity from SW to FW,
viscosity retention was 35% in the case of SPAM
and was 44% in the case of SAPAM. The highest salt
tolerance was obtained in the case of SVPAM with 55%
viscosity retention as the result of salinity increase.
Also, based on the results, as a consequence of 120
aging days at reservoir temperature, only 2% of initial
viscosity was retained in the case of HPAM. However,
the viscosity retention was 25% and 31% in the cases
of SPAM and SAPAM, respectively. SVPAM had the
highest viscosity retention (73%) as the results of 120
aging days at reservoir temperature. Furthermore, the
results showed that adsorption of 2000 ppm SVPAM
polymer solution on rock surface was 73.5 micro gr
polymer/gr rock, while the adsorption of 2000 ppm
HPAM solution on rock surface was 1475 micro gram
polymer/gr rock.
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Fig. 1 Comparison of polymer solutions with 2000 ppm
concentration; viscosity retention as the results of increase
in makeup water salinity from S to F, (salt tolerance),
viscosity retention as the result of 120 days aging at reservoir
temperature (aging effect) and adsorption on rock surface
(adsorption).

Due to highest salt tolerance, highest temperature
tolerance and lowest adsorption on rock surface,
SVPAM is the optimum polymer for the reservoir
studied with high salinity and high temperature
condition. Polymer flooding enhances the oil recovery
factor over water flooding through modification of
mobility ratio. Therefore, the performance of polymer

flooding is directly dependent on the polymer front
viscosity. Higher salt/temperature resistance and
lower polymer adsorption could improve the viscosity
retention of polymer front, and consequently, the
polymer flooding efficiency would be improved.
Furthermore, the results of this study showed that the
chemical structure and also the molecular weight of
polymer affects the viscosity retention and polymer
adsorption. Therefore, the optimum polymer molecular
structure and molecular weight should be considered
during the design of polymer flooding project.

Conclusions

This study evaluated the EOR potential application of
HPAM for high salinity/high temperature reservoirs.
To do so, four polymers with distinguished chemical
structures were selected, and rheology measurements,
thermal stability and static polymer adsorption tests
were performed. The main findings could be listed as
below:

e HPAM polymer was insoluble in FW. However, the
viscosity retention as the result of salinity increase
from SW to FW was 35% and 44% in the case of
SPAM and SAPAM, respectively. The highest salt tol-
erance was obtained in the case of SVPAM with 55%
viscosity retention.

e According to thermal stability tests, as the result of
120 days of aging at reservoir temperature, viscosity
retention of HPAM, SPAM and SAPAM was 2%, 25%
and 31%. While, 73% of initial viscosity was retained
in the case of SVPAM which showed its highest ther-
mal stability.

e Adsorption of 2000 ppm HPAM, SPAM and SAPAM
solutions on rock surface was 1475, 1265 and 1134 mi-
crogram polymer/gr rock. Due to the lowest molecular
weight, SVPAM had the lowest polymer adsorption
on rock surface i.e. 765 micro gram polymer/gr rock.
Also, the adsorption results were matched with Lang-
muir’s adsorption isotherm.

e The results of this study showed the potential of
SVPAM to be applied in water-based EOR studies for
high salinity/high temperature reservoirs. Also, the re-
sults of this study sheds light on the importance of the
selection of polymer chemical structure and molecular
weight through EOR polymer studies.
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