
Polymer Viscosity: Understanding of Changes Through Time in the 
Reservoir and a Way to Predict Them

Román E. Katz Marquez, ITBA

Abstract
Polymer rheological behavior in an Enhanced Oil Recovery (EOR) project is one of the critical factors to
determine whether the polymer injection would be effective to increase the oil production in a field. Due to
complications on the measurement of this parameter and its variation within the reservoir, the challenge of
understanding viscosity behavior relies on lab and field tests that become key factors to solve this issue.

This study was conducted during an injectivity test for an EOR project in Los Perales field (Santa Cruz,
Argentina) in three wells with different operational and subsurface conditions, and tests were performed
twice a day for 30 days each in order to obtain sufficient time span of data.

From lab rheology tests performed at reservoir conditions, where the main objective was to analyze
viscosity changes through time, two different tendencies were observed: one that affects in early times and
another that becomes preeminent at late times. With these results, a describing equation was developed
to predict viscosity evolution over time. The equation consists of three terms including thermal variation,
chemical degradation and the final viscosity towards which the polymer tends.

Although the equation properly describes both lab and field polymer solution, there is a considerable
difference, especially when the effects mentioned become preponderant. This difference is attributed to both
the water used for the mixture and the possible impurities that may be incorporated during the maturation
or transfer of the polymer. Since most of the data used was obtained from field tests, this emphasizes the
appliance of the equation on the field.

Impurities turn out to be crucial, specially oxygen (O2) and hydrogen sulfide (H2S) combined. Their
presence highly impacts the asymptotic viscosity, so a correlation between H2S content and final viscosity
was also developed.

Finally, an analysis of the temperature influence on the viscosity was conducted. A correlation between
the final viscosity and temperature was found and used to incorporate temperature variations in the
predictions and therefore to relate measurements performed at different conditions.

The primary advantage of this study is that the equation and correlations enable the prediction of the
polymer solution viscosity at any time. This allows the estimation of actual polymer viscosity in the reservoir
from a routine measurement at any temperature and impurities content. The versatility of this equation is
what makes it novel and useful in an industry going towards EOR projects.



Introduction
Enhanced oil recovery (EOR) is oil recovery by the injection of materials not normally present in the
reservoir. The definition does not restrict EOR to a particular phase (primary, secondary, or tertiary) in the
producing life of a reservoir (L. Lake,1989. J.R.Hite, et al 2004). This EOR processes can be divided into
three categories Thermal, Chemical or Solvent, regarding method used and the external material or injection
source used in each case (L.Lake, 1989).

It is clear then, that the main objective of any of these methods is to increase field reserves or accelerate
the oil recovery. The most common way to analyze the success of this EOR method and its economicity is
by looking at oil production incremental and sweep efficiency improvement.

In this case, a chemical method of polymer injection was selected to be used at Los Perales field (Santa
Cruz, Argentina), a mature field at Golfo de San Jorge basin (D. Perez et al, 2017/2019).

Monitoring the efficacy of EOR processes is an important step in the screening of new chemical agents (J.
Mitchell et al, 2014). For that reason, polymer rheological behavior in a chemical EOR project is one of the
critical factors to determine whether the polymer injection would be effective to increase the oil production
in a field. Due to complications on the measurement of this parameter and its variation within the reservoir,
understanding viscosity behavior relies on lab and field tests that become key factors to solve this issue.

An Injectivity Test is defined as a procedure conducted to establish the rate and pressure at which fluids
can be pumped into a target. (Schlumberger, Oilfield Glossary). Particulary in this field, the injectivity test
was conducted to analyze the technical factibility of doing a polymer flood at the desired conditions to obtain
the expected sweep efficiency improvement and oil incremental. During the injectivity tests perfomed at
Los Perales field, the rheological tests showed a variation or degradation that was not expected, given that
almost all the degradation expected while doing a polymer flooding is due to mechanical efforts as shear
effects (Canella et al,1988), and, also, depending on the water used to prepare the polymer, to a chemical
effect. However, the way that these chemical impurities affected the polymer viscosity was not predictable.
The behavior of the polymer viscosity in this particular rheology tests stood out and led to a more detailed
analysis to understand the cause of this variation or degradation. By measuring polymer viscosity and its
behavior with time, it became clear that there were some tendencies that should be described to get a better
understanding of polymer viscosity.

A possible EOR agent is adjusted to provide the require fluid-phase behavior for a given set of reservoir
conditions (J. Mithchell et al, 2014) From lab rheology tests performed at reservoir conditions, where the
main objective was to analyze viscosity changes over time, two different tendencies were observed: one that
affects in early times and another that becomes preeminent at late times. With these results, a describing
equation was developed to predict viscosity evolution over time. The equation consists of three terms
including thermal variation, chemical degradation and the final viscosity towards which the polymer tends.

The developed equation parameters and its applicability was obtained while the injectivity test by
analyzing all 86 field samples and each statistic tendency. For each training sample, the parameters obtained,
allowed the equation to describe the data set behavior. Afterwards, with those parameters a mean and
deviation was calculated so to get a parameter set that could be applied to every other testing sample,
and to extend the applicability of the equation to other fields with polymer flooding that could require the
knowledge of how the polymer viscosity behaves with time.

In this investigation there were some anomalous datasets that could not be so accurately described with
the plain equation. By analyzing all data regarding to water impurities, field testing conditions and reservoir
conditions a very good correlation between the H2S (Hydrogen Sulphide) concentration and the final
viscosity towards which the polymer tends after its variation and degradation was discovered. Therefore,
if the correlation is applied to the parameters as a correction by the H2S concentration, the equation again
accurately can describe the behavior of polymer viscosity.



Furthermore, as the whole investigation was done at one defined temperature related to this particular
field, a temperature variation test was also performed to extend the applicability of the equation to a wider
range of temperatures. Therefore, if the field where the equation is needed to be used has a different
temperature, this correlation allows its use.

Rheological Field and Laboratory Tests
Although the first approach to this investigation was to analyze the actual viscosity value of the polymer
that was being injected in the reservoir during the injectivity test, the observed rheological behavior of the
polymer measured on the field and at the laboratory showed different responses. In order to incorporate
these two behaviors and to understand the reason of this difference more intensive tests were performed
both on field and at the lab.

Once the reservoir conditions and desired viscosity of the polymer were determined, the rheological
tests were designed to test the polymer viscosity under these terms. In this case, reservoir temperature was
determined to be of 60°C (140°F) so the test had to reproduce this condition. To achieve this condition,
a thermal water bath was applied to the sample while performing the measurement on a coaxial cylinder
type rotational rheometer (Brookfield DV-III Programmable Rheometer). The second condition that should
be specified was the polymer concentration. This value was empirically obtained on the field while the
injectivity test to reach the desired initial viscosity, and in this case the value was 3275ppm. The third
condition to determine was the shear rate at which the measurement should be performed. Considering the
average expected fluid speed at the reservoir, the selected shear rate was 7,32 s−1 (6 rpm).

During the injectivity test, two different polymers were injected, one with high molecular weight and
one with a medium molecular weight, with the objective to analyze the performance of each of them in this
reservoir. For wells 1 and 3, the medium molecular weight HPAM TX 15990 (Tiorco, Nalco) was used; an
anionic polymer designed for mobility control and sweep improvement which anionic charge and molecular
weight provide an optimum water viscosity at lower concentrations (TX15990 product specification sheet).
And for well 2, the high molecular weight HI-VIS 360 (Tiorco, Nalco Stepan) was used; high quality and
high molecular weight anionic copolymer of acrylamide (HI-VIS 360 product data sheet).

Laboratory
While all these three conditions were already determined, the duration of the tests was a critical factor
to determine. At the beginning of the study the tests were performed in short times, sometimes couple
of seconds or minutes. Even in these short tests the actual behavior of the variation of the polymer was
observed.



Figure 1—Well head obtained sample. Lab tested.

Figure 2—Lab prepared and tested sample

It is important to point out that in those samples there is a quite different range of measured viscosities.
The main explanation, at this point of the study, is that this difference is related to the preparation of the
polymer solution and the time of exposure to the degradation elements.

With the observed data from the lab tests, the need of an equation capable to describe and predict the
behavior of the polymer viscosity arose. Analyzing the two clear tendencies present it was determined that
on early times the variation was due to a thermal effect and on late times to chemical degradation which
drove the behavior towards a final viscosity tendency. The following equation was developed taking into
consideration both thermal variation and chemical degradation.

Polymer Viscosity Variation and Degradation Equation:

(eq.1)

μ: Initial polymer viscosity
μo: Theoretical initial viscosity if there wasn't thermal variation. Extrapolation of the late times term.
μ∞: Final viscosity towards which the polymer tends.
λL: Statistical parameter. Rate at which Chemical degradation affects the viscosity.
λT: Statistical parameter. Rate at which Thermal variation affects the viscosity.



As a result of the appliance of the developed equation to the datasets showed above by analyzing the
particular parameters needed for each sample, the description of the behavior measured was found to be
almost a perfect match. (Figure 3 & Figure 4)

Figure 3—Applied equation to sample 1. Specific Parameters

Figure 4—Applied equation to sample 2. Specific Parameters

Field
The importance of an equation that can predict or describe the behavior of a property of an injected fluid is
strongly related to the applicability of the equation on a field situation rather than a lab or theoretical one.
In this case, analyzing the behavior specifically on field tests is needed because of the difference observed
between lab datasets and field ones. The reason for this difference may lie on the water used to prepare the
polymer solution, the impurities present there, or even the transport time from the field to the lab.

Field measurements can be more difficult to perform than lab ones due to operational times or lack of
equipment. Particularly in this case the equipment available at the location was the same as in lab so the only
problem was that the tests were determined to last two hours each and to take measurements at the specified
times of 30, 60, 90, 600, 1800, 3600, 7200 seconds in order to get the whole behavior of the polymer. Due
to the service company on the field availability, the tests could be performed only twice a day. Despite this,



the obtained amount of field data of 86 tested samples, was sufficient enough to get excellent statistics on
the needed parameters for the equation.

Despite the variability of the ratio "Last measured viscosity over Initial measured viscosity", showed for
field samples (Figure 5), there is a clear difference compared with lab dataset ratios, therefore the statistic
parameters for each case should not be the same.

Figure 5—Field data samples examples.

Nevertheless, with these datasets and their particular parameters, the equation could be applied to obtain
an accurate description to model viscosity behavior, so this proves that the equation is also applicable with
field samples. (Figure 6)



Figure 6—Equation applied to Field Samples.Examples

Calculation Method: Parameters Definition
The definition of the parameters to be applied with the equation was one of the most important parts of this
study, and the extent of its applicability.

With all the measurements, it was determined a calculation method to estimate the statistical parameters
needed. Again, it is important to point out that there are different parameter sets for lab and for field behavior.

By analyzing the samples, it was determined that for late times the thermal variation is not significant
so in case of lab samples the time where the thermal exponential term becomes negligible is approximately
60 seconds and for field samples this time extends almost to 1000 seconds. As a result, this the equation
(eq.1) transforms into the following one:

(eq. 2)

In order to make all the samples comparable it is necessary to make the equation dimensionless by taking
one of the late times values (μt*) and subtracting the final viscosity (μ∞) as shown in (eq.3).

(eq.3)



With this dimensionless viscosity for late times (μDLateTimes) all samples can be analyzed together. The
linearization of eq.3 is used to establish a convenient fit to determine the best statistical parameter λL. To
do so, it is necessary to apply natural logarithm to eq.3 and to plot it with time. Also, to get this linear fit,
related to the exponential behavior, a sensitivity analysis of the parameter μ∞ is performed and as a result
the best exponential fit is obtained. As a recommendation to do the sensitivity analysis, it is a good practice
to start the variations of the parameter near the final measured viscosity.

Figure 7—Best linear fit for Ln (μDLateTimes). Lab Sample 2

Figure 8—Best linear fit for Ln (μDLateTimes). Field Sample 1

After getting the best fit, it is possible to obtain λL from the slope of the curve. (eq.4)

(eq.4)

Even more, by rearranging this equation (eq.4) and extrapolating it to the origin (t = 0s) (eq.5) the third
parameter (μo) needed can be obtained.



(eq.5)

After getting these three parameters from the procedure mentioned before, it is necessary to go back to
the original equation (eq.1) to analyze the way to obtain the other two remaining parameters. It is possible
to use the same criteria than the one used above, but now the whole equation must be considered to reduce
the error associated with neglecting terms. Once again, it is necessary to nondimensionalize the equation,
for all data to be comparable.

(eq.6)

In eq.6 a μt* is also needed and should be a viscosity value from early times, in this case the one measured
at 30 seconds was selected. Again, by applying natural logarithm to μDEarlyTimes equation (eq.7) and plotting
these values they should approximate a linear behavior, that is also related to its exponential behavior.

(eq.7)

Figure 9—Best linear fit for Ln μDEarlyTimes. Lab Sample 2



Figure 10—Best Linear fit for Ln(μDEarlyTimes. Field Sample 1

Also, by using a linear fit in these plots it is possible to obtain the parameter λT from the slope of the curve.
Furthermore, by extrapolating the fit to the origin (t = 0s) the initial viscosity (μi) can be obtained. (eq.8)

(eq.8)

Finally, after doing these calculations the whole set of parameters needed to be used in the equation is
obtained and can be applied to describe each dataset.

This calculation process was applied for 76 of the 86 samples available. The 76 samples were used as
training set to establish the statistical parameters. The 10 samples left were used as testing ones to confirm
that the obtained parameters were reliable.

With the objective of extending the reach of these parameters to any field viscosity measurement, the
need to nondimensionalized the parameters and relate them to the most common test performed to check
viscosity on the field arose. Since this issue, all parameters where nondimensionalized as the ratio of the
actual parameter over the viscosity measured at 1 minute (60 seconds), with these dimensionless sets a mean
and deviation was calculated for each one. (Table 1).

Table 1—Statistical parameters to be used with the equation

Hydrogen Sulphide (H2S) Correction
After analyzing H2S concentration for all the datasets, a mean value of 3.5ppm for the presence of this
chemical impurity was observed. It is important to note that the H2S test was not performed for all the
samples due to operational issues, however this analysis proved to be critical to improve the performance
of the equation.

It was discovered that there is a correlation between the H2S concentration and the final viscosity towards
which the polymer tends (μ∞).



(eq.9:H2S
correlation

Trend)

Figure 11—H2S correlation graph with displayed trend.

In contrast to the parameter defined before to obtain the final viscosity which is defined only for the
mean H2S, this correlation allows the equation to be used at a wide range of concentrations which gives
the equation more versatility.

Although the other parameters were also calculated with a mean H2S concentration, it is important to point
out that there is no clear correlation, and so those parameters are reliable to be used at any concentration. As
it is displayed on figure 12, the equation with all the mean parameters underestimates viscosity, but if final
viscosity only is obtained from the H2S correlation instead, the prediction becomes much more accurate.

Figure 12—Example of use of the H2S correction in a Low H2S concentration Sample.



It is recommended to use this correlation to obtain the final viscosity, however if the H2S concentration is
not available, the mean parameter could be a good approach to the real behavior. Apart from that, it is also
possible to conduct a sensitivity analysis with the correlation to get a range of plausible values and then a
range of possible behaviors depending on the H2S concentration.

Temperature influence
The definition of the temperature to be used in this whole study was determined by the specific reservoir
conditions where the injectivity test was being performed. As a result, all the tests were performed at this
specific temperature of 60°C, so it was important to extend the range of temperatures at which the equation
could be used to allow the application of the equation to other reservoir temperature conditions.

With this purpose, a temperature variation study was performed. This test was performed with a polymer
sample that was already at the final viscosity, so all other factors mentioned before were no longer affecting
viscosity and the observed variation was mainly due to the temperature change.

After the samples reached the final viscosity a temperature ramp from 60°C decreasing slowly to 28°C
was applied and so the following tendencies were obtained. (Figure 13)

Figure 13—Final Viscosity (μ∞) results for temperature ramp. For the two kinds of polymer used.

The reason for the difference of temperature measurements between wells is related to the different
polymers were used for each of those wells, so in this case it was important to analyze them separately.
Nevertheless, it is important to remark that the behavior of both polymer viscosities was equally well
described by the presented equation (eq.1).

However, it was necessary to analyze if temperature variations affected the polymers final viscosities
both the same. By dividing both datasets by a known viscosity in this case 28°C, the samples were
nondimensionalized. As a result, figure 14 show that both had an equal exponential trend.



Figure 14—Dimensionless final viscosity showing same behaviors for both polymers.

Furthermore, if logarithm is applied to the dimensionless viscosity, the slope of the resulting trending
curve is the viscosity with temperature variation coefficient (C).

(eq.10)

The value of μ∞ depends on the actual temperature at which the equation is to be used. It is necessary to
get the parameter μ∞ from the H2S correlation or from the statistic mean and afterwards apply this correlation
(eq.10) to translate the equation to the needed temperature condition.

Summary and Conclusions
As it was explained during this investigation, the necessity of a method or an equation capable of describing
the behavior of polymer viscosity is a crucial factor to an EOR project of this kind. It is important to point
out that this behavior should not be studied considering only reservoir effects or efforts, but by analyzing the
effect of time and, also, related to the composition of the water and the temperature to which it is subjected.

The answer to this need was proved to be eq.11 that can accurately describe the measured behavior of
the polymer viscosity:

Polymer Viscosity Variation and Degradation Equation:

(eq.11)

The results obtained from the 86 samples used during the injectivity test made possible to get the specific
parameters needed in the equation to allow its usage in a wide range of uncertainties and only by using
one measured viscosity.

Furthermore, this equation aided by the H2S correlation can be used to predict even more accurately
the behavior of the polymer viscosity. It is important to point out that the usage of this correlation with
the equation should not be restricted to when H2S concentration is known, as it can also be a way to get
the range of plausible viscosity behaviors in a range of expected H2S concentration defined by the user.
Consequently, this correlation extends even more the applicability of the equation and can show which final
viscosity could be expected in the reservoir related to this chemical impurity.

Finally, temperature it is known to modify the viscosity of any reservoir fluid (L.P. Dake,1978) and
polymer solutions are no exception. The study showed an exponential behavior of the final polymer viscosity
over temperature and that this variation can be applied directly to the equation by getting the correct μ(∞) at



the reservoir particular temperature conditions. Again, the usage of this exponential behavior curve should
not be restricted to a case where reservoir temperature is known, also a range of temperatures can be defined,
and a range of viscosities can be obtained from the equation.

In conclusion, the developed equation can accurately predict the behavior of polymer viscosity in multiple
situations. H2S correlation enhances the model to extend its usage to different concentrations of this chemical
impurity which was proved to substantially modify the final viscosity towards which the polymer tends.
And temperature correlation also extends even more the applicability of the equation to different reservoir
conditions. As a result, this equation becomes a strong but also flexible tool to any reservoir study that
requires the knowledge of polymer viscosity at a wide range of conditions.
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