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Well test analysis for polymer flooding is different from traditional well test analysis because of the non-Newtonian properties
of underground flow and other mechanisms involved in polymer flooding. Few of the present works have proposed a numerical
approach of pressure transient analysis which fully considers the non-Newtonian effect of real polymer solution and interprets the
polymer rheology from details of pressure transient response. In this study, a two-phase four-component fully implicit numerical
model incorporating shear thinning effect for polymer flooding based on PEBI (Perpendicular Bisection) grid is developed to
study transient pressure responses in polymer flooding reservoirs. Parametric studies are conducted to quantify the effect of shear
thinning and polymer concentration on the pressure transient response. Results show that shear thinning effect leads to obvious
and characteristic nonsmoothness on pressure derivative curves, and the oscillation amplitude of the shear-thinning-induced
nonsmoothness is related to the viscosity change decided by shear thinning effect and polymer concentration. Practical applications
are carried out with shut-in data obtained in Daqing oil field, which validates our findings. The proposed method and the findings
in this paper show significant importance for well test analysis for polymer flooding and the determination of the polymer in situ
rheology.

1. Introduction

Polymer flooding is one of the most mature EOR (Enhanced
Oil Recovery) techniques used in oilfields [1]. It is provid-
ing more than 30% of the total oil production in China’s
Daqing oilfield today. In polymer flooding, polymer solutions
injected into the reservoir exhibit non-Newtonian properties
[2, 3]. A number of studies have discussed the influence of
non-Newtonian behavior of polymer on sweep efficiency and
recovery, and the results proved the importance of taking
polymer rheology into account for the successful design and
evaluation of polymer flooding project [4–6].

The estimation of in situ rheology of polymer solutions
in porous medium is difficult in practice [7]. Early time
researches in chemical engineering, rheology, and petroleum
engineering have focused on the flow behavior of non-
Newtonian fluids in porous medium [8–10]. However, the
in situ polymer rheology may not consist with the results of

those experimental and analytical researches due to the great
differences between the actual situation and the simplified
and idealized conditions. One approach to directly determine
the polymer in situ rheology is by way of well test analysis.
The results of several previous works indicated that the well
test data from polymer flooding wells can be interpreted to
determine the in situ viscosity of non-Newtonian polymer
solution [7].

Well test analysis, which is widely used in oilfields,
provides valuable information of formation and fluid under-
ground by interpreting the pressure transient response [11].
Yet, conventional well test interpretational models do not
work for reservoirs containing non-Newtonian fluids, and
well test analysis for polymer flooding is more difficult
because of the treatment of polymer rheology and other com-
plicated mechanisms involved in polymer flooding process
[11–13].
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Researchers have exerted their efforts on well test analysis
for non-Newtonian fluid since the 1970s. Ikoku and Ramey
[14] and Odeh and Yang [15] proposed mathematical models
for flow of non-Newtonian power-law fluid in homogeneous
porous medium and induced methods of well test analysis
for non-Newtonian fluids. Vongvuthipornchai and Raghavan
[16] developed type curves which includes wellbore storage
and skin factor for well test analysis for non-Newtonian
fluid. Katime-Meindl andTiab [13] developed the TDS (Tiab’s
direct synthesis) method for well test analysis and used it
for interpretation of non-Newtonian fluid. Recently, Escobar
and Martinez et al. [17, 18] applied the TDS technique
to pseudoplastic and dilatants fluids in a radial composite
reservoir. Yu et al. [19] established a well testing model
for polymer flooding based on rheology experiments and
presented a numerical well testing interpretation model and
analysis techniques to evaluate formation by using pressure
transient data in cross-flow double-layer reservoirs. Another
recent research of the well test analysis for polymer flooding
was performed by Yu et al. [19], presenting a numerical-
analytical combined method to infer the in situ polymer
rheology from PFO (Pressure Fall-Off) tests.

These works were remarkable and they promoted our
understanding of the pressure transient response in polymer
flooding. However, despite decades of research, the existing
methods of well test analysis for polymer flooding are far
from satisfactory for field application. Reasons are as follows:
firstly, most of the previous works are analytical approaches,
which is mostly confirmed to dealing with certain simplified
situations and have limitations in complex field applications.
Secondly, the results reported in those papers do not fully
describe certain behaviors of actual measured data from
polymer flooding wells. Finally, few field examples have been
presented which are studied and interpreted to validate the
analytical or numerical results.

In this study, a two-phase four-component polymer
flooding model is given considering the major physicochem-
ical phenomena including polymer thickening, shear thin-
ning, polymer adsorption, permeability reduction, and dead
pore volume. A fully implicit iterative numerical simulator
is developed based on PEBI gridding to study the transient
pressure response for wells in polymer flooding reservoirs.
Parametric studies were conducted to quantify the effect of
shear thinning and polymer concentration on the pressure
transient response. Finally, a field example was studied in
which two pressure build-up tests were performed on the
same oil producer from a polymer flooding reservoir in
Daqing oilfield. Reservoir parameters and the polymer in
situ shear thinning properties were interpreted for the real
example, and the impact of adjusting shear thinning on
pressure derivative curves is discussed.

2. Methodology

2.1. Basic Equations for Polymer Flooding. To build the
mathematical model for polymer flooding, several assump-
tions were made to simplify the real situation. The major
assumptions in this paper are as follows: (1) the reservoir is
isothermal; (2) Darcy’s law for fluid flow in porous medium

applies; (3) the fluid underground contains two phases: the
water phase and the oil phase.The water phase contains three
components: pure water, polymer, and salt. (4)The process of
polymer adsorption is irreversible. (5) No chemical reaction
occurs. (6) Diffusion and dispersion are not considered.

Based on the assumptions above, the mass balance
equations were given for each component. Considering the
physicochemical phenomena including polymer thickening,
polymer adsorption, permeability reduction, and dead pore
volume, the basic equations of the polymer flooding model
are given by
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To enclose the equations, additional relations were
induced including the saturation relation and the capillary
pressure relation.

Saturation relation:
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The Peaceman model was used to deal with the wells.
Let 𝑄 be the production of the well at surface condition,
considering the wellbore storage, the flow equation in the
wellbore is given by
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Equations (1)–(4) are discretized based on PEBI grid by
control volume method. And all the unknowns are solved
fully implicitly by GMRES matrix solver in this study.

2.2. Modeling the Water Phase Viscosity. In the polymer-
flooding model, the water phase contains three components:
pure water, polymer, and salt. The water phase viscosity
is a function of polymer concentration, salinity, and shear
rate [2]. The water phase viscosity is calculated following
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the steps below. Firstly, the unsheared water phase viscosity
𝜇
0
is determined according to the polymer concentration and

salinity using
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𝑝
, (5)

where 𝜇
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viscosity multiplier which is a function of polymer concen-
tration and salinity;
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In this study, the function relationship represented by

(6) is given by experimental data. Namely, a series of 𝜇
𝑝

values corresponding to various polymer concentrations are
given for different salinities, and 𝜇

𝑝
is determined by linearly

interpolating in the closed interval from 0 to the maximum
given value of 𝐶

𝑝
and 𝐶sa.

Secondly, the effective water phase viscosity is calculated
as follows:

𝜇
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0
− 𝜇
𝑤
) , (7)

where 𝜇eff is the water phase viscosity with shear thinning
effect. 𝑀 is a multiplier representing the shear thinning
property of the water phase, which is given by

𝑀 =
𝜇eff − 𝜇𝑤
𝜇
0
− 𝜇
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, (8)

where 0 < 𝑀 < 1 which is equivalent to 𝜇
𝑤
< 𝜇eff < 𝜇0.

Similar approaches for the determination of the water
phase viscosity have been used by other researchers in
numerical studies or commercial simulators for polymer
flooding [1, 20].

2.3. Modeling the Polymer In Situ Rheology. Most polymers
used in EOR are pseudoplastic fluids which exhibits shear
thinning behaviors [2, 4]. For pseudoplastic fluids, several
common types of rheology models are given as below.

Power-law model is a simple and common used rheology
model to describe the non-Newtonian rheology, for which
(9) is the constitutive equation and (10) gives the effective
viscosity [11]:
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, (10)

where 𝜇eff is the effective viscosity,𝐾 is the consistency index,
𝛾 is the shear rate, and 𝑛 is the power law index.

Another commonly used formula to describe the rela-
tionship between viscosity and the shear rate is Meter’s
equation [8], for which the constitutive equation is
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and the effective viscosity is given by
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where 𝜇
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is the viscosity when shear rate tends to infinity.
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is a constant.

Various empirical parameters such as 𝑃
𝛼
and ̇𝛾

1/2
are

involved if we induce the models of (9)–(12) into the numer-
ical calculation. However, these parameters are difficult to
determine in some cases. Therefore, an alternate method
which is similar to the treatment of commercial simulators
[20] is used in this study, in which the𝑀-𝑉 relation is given
directly to calculate the non-Newtonian viscosity, where 𝑉
stands for the flow velocity and𝑀 is the shear thinning mul-
tiplier defined by (8). The 𝑀-𝑉 relation indicates the shear
thinning properties of non-Newtonian polymer solution.

3. Results and Discussion

In this part, a 2000 × 2000 × 10m single-layer homogeneous
reservoir is studied. Two wells are located in the reservoir,
as shown in Figure 1. The production well produces at a
constant liquid rate of 10m3/day at surface condition for
30 days. The injection well injects polymer solution at a
constant liquid rate of 10m3/day at surface condition for 20
days and then shuts in for 10 days. Reservoirs parameters
for calculation are listed in Table 1. Table 2 gives the relative
permeability relation. Table 3 gives the relation between
water phase unsheared viscosity (viscosity in the stationary
situation) andpolymer concentration for salinity equals 3000.
Table 3 gives the relationship between the viscosity multiplier
𝜇
𝑝
and polymer concentration 𝐶

𝑝
, which is obtained from

experiments on the polymers used in oilfield. The polymer
solution is prepared using HPAM of 25 million molecular
weight and treated produced water with a total salinity of
3000mg/L.

3.1. Pressure Transient Response for Various Polymer Concen-
trations without Consideration of the Shear Thinning Effect.
In this part, the impact of polymer thickening effect on
BHP (bottom-hole pressure) is studied. To eliminate the
influent of polymer shear thinning, here wemake assumption
that the polymer solution behaves as Newtonian type fluid.
Figure 2 gives the calculated BHP of the injection well
for different injection polymer concentrations. Each of the
pressure curves in Figure 2 includes two flow regimes: 0
to 20th day is the injection stage and 20th to 30th day
the pressure fall-off stage. Figure 2 shows that for the first
flow regime, the injection pressure becomes larger as the
polymer concentration increases.This is due to the reduction
of flowmobility near the injectionwell caused by the polymer
concentration increase.

For the pressure fall-off regime, Figure 3 gives the log-
log plot of the pressure change and pressure derivative for
different injection polymer concentrations. The derivative
curves in Figure 3 indicate that the increase of polymer
concentration leads to a larger pressure change, which is
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Table 1: Reservoir parameters.

Parameters Value
Initial reservoir pressure, MPa 20
Layer thickness, m 10
Horizontal permeability, 𝜇m2 0.5
Porosity 0.2
Compressibility of rock 0.00015
Initial saturation of oil 0.3
Initial saturation of water 0.7
Initial concentration of polymer, kg/m3 0
Wellbore radius, m 0.1
Liquid rate of production well, m3/day 10
Liquid rate of injection well, m3/day 10
Reference pressure for PVT, MPa 20
Viscosity of oil, Pa⋅s 0.01
Viscosity of water, Pa⋅s 0.0006
Volume factor for oil 1.12
Volume factor for water 1.01
Compressibility of oil, 1/MPa 0.0006
Compressibility of water, 1/MPa 0.0006

Table 2: Relation between the water phase saturation and relative
permeability.

𝑆
𝑤

𝑘
𝑟𝑤

𝑘
𝑟𝑜

0.3 0 1
0.4 0.02 0.72
0.5 0.05 0.44
0.6 0.09 0.17
0.7 0.15 0.05
0.8 0.24 0

Table 3: Relation between polymer concentration and water phase
viscosity.

Polymer concentration (kg/m3) Viscosity multiplier
0 1
0.5 4
1 8
1.5 13
2 21

0.19673MPa, 0.47324MPa, and 0.94508MPa for polymer
concentration equals 0, 0.5, kg/m3, and 1.0 kg/m3, respec-
tively. This is caused by the polymer thickening effect.
The growth of injection polymer concentration reduces the
mobility of fluid near the injector, thus leading to a larger
BHP risewhile injecting at a constant liquid rate. Accordingly,
after the well shuts in, the pressure drop of the injection well
is also larger. Moreover, as the fluid mobility reduces, the
flow-continued time of the wellbore storage regime and the
transition stage becomes much longer.

Injector

Producer

Figure 1: Computational domain and gridding.
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Figure 2: BHP of the injection well for different injection polymer
concentrations.

3.2. Impact of Shear Thinning Effect on Pressure Transient
Response. To analyse the pressure transient response of
polymer flooding wells, the shear thinning effect needs to be
considered. As is discussed in the previous part, the 𝑀-𝑉
relation should be given to determine the effective viscosity
of water phase with (8). Here, we make assumption that the
shear rate of flow in the reservoir is proportional to the water
phase velocity, and another simplification is made that the
𝑀-𝑉 relation is not influenced by the polymer concentration.
Three𝑀-𝑉 curves used for the calculation in this example are
given in Figure 4. It is obvious that the black curve in Figure 4
has the highest rate of descent which indicates a stronger
influence of water phase velocity on viscosity. Accordingly,
the red curve represents a medium one and the blue curve a
small one.The three curves aremanually generated according
to the following rules: (1) themultiplier𝑀 changes from 1 to 0
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Figure 3: Log-log plot of the well bottom pressure and pressure
derivative of the pressure fall-off period for various injection
polymer concentrations.
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Figure 4:𝑀-𝑉 curves.

with the velocity increases. (2)All curves go through the same
point (0, 1) which means when the velocity is 0, the effective
viscosity equals the unsheared viscosity 𝜇

0
. (3)As the velocity

increases the value of𝑀 tends to 0, whichmeans the effective
viscosity goes close to the pure water viscosity.

Figure 5 shows the comparison of BHP calculated under
different shear thinning curves and a Newtonian situation,
with the same polymer concentration of 1.5 kg/m3. A signifi-
cant decrease of BHP is showed by the comparison between
the results calculated with and without shear thinning, and
the BHP calculated under a strong shear thinning is lower
than that under a slight one. A qualitative explanation is
that shear thinning reduces the effective viscosity of injected
polymer solution and makes the injection pressure much
lower.
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Figure 5: BHP of the injection well for different𝑀-𝑉 curves with
the same injection polymer concentration of 1.5 kg/m3.

For the fall-off regime, Figure 6 gives the comparison
of pressure change and derivative under different shear
thinning behaviors and the Newtonian situation. It is showed
in the figure that when shear thinning is considered, the
pressure change decreases significantly; the stronger the shear
thinning is, the smaller the pressure change becomes. This
can be explained by considering the impact of shear thinning
on the water phase mobility, which is similar to the previous
explanation for Figure 3. But we find that Figure 6 differs
from Figure 3 in that the flow-continued time of the wellbore
storage regime and the transition stage is not significantly
influenced by shear thinning. The reason is that the influent
of shear thinning is velocity dependent. In the fall-off regime,
the sheared viscosity is small at the beginning but increases
quickly as the flow slows down until the viscosity value is
close to unsheared viscosity. This process will not last long,
which makes the flow-continued time under shear thinning
still shorter than but not significantly different from that of
the Newtonian situation.

An impressive phenomenon we find from Figure 6 is that
the pressure derivative curves are nonsmooth in early stage
when we consider the shear thinning effect. The nonsmooth-
ness of the derivative curves, as we consider, is caused by the
rapid change of near-wellbore mobility due to the shear thin-
ning behavior. A qualitative explanation is that when shear
thinning exists, the sudden decrease of flow speed after well
shuts in causes a dramatic change of water phase viscosity,
and this gives a disturbance to BHP, changing the original
trend of pressure drop. The disturbance of BHP is more
detectable on the derivative which becomes an obvious and
characteristic nonsmoothness at early stage.The nonsmooth-
ness, as caused by the shear thinning behavior, is defined as
the shear-thinning-induced nonsmoothness in the paper.

We also find that the oscillation amplitude of the nons-
moothness is affected by relevant factors such as the shear
thinning curve and the polymer concentration. Figure 6
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Figure 6: Log-log plot of the well bottom pressure and pressure
derivative of the pressure fall-off period for different 𝑀-𝑉 curves
with the same injection polymer concentration of 0.7 kg/m3.

shows that the stronger the shear thinning is, the more obvi-
ous the nonsmoothness becomes. Figure 7 shows the impact
of polymer concentration on pressure transient response
with shear thinning effect and the results indicate that the
nonsmoothness also becomesmore strenuous under a higher
polymer concentration.

Other factors we do not consider here may also have
influence on the shear-thinning-induced nonsmoothness of
derivative curves, which has been observed in field cases, for
example, the alternating injection of polymers with different
molecular weights. In addition, we do not study the effect of
adsorption, inaccessible porosity, and permeability reduction
on the transient pressure response in this paper, although they
are incorporated in the mathematical model.

It should be noted that consideration of the shear thin-
ning makes the water phase viscosity dependent on velocity,
which may greatly increase the difficulty of convergency of
the iterative solving and makes the simulation more time
consuming.

3.3. Transient Pressure Response for Production Well. We also
study the pressure transient response of production well in a
build-up test in the same example. The injection well injects
at a constant liquid rate of 10m3/day at surface condition for
30 days. The production well produces solution at the same
liquid rate of 10m3/day at surface condition for 20 days and
then shuts in for 10 days. Reservoirs parameters are the same
as those in the previous fall-off case. In order to facilitate the
research, we assume that there was a uniform distribution
of polymer at the beginning of the simulation. The original
polymer concentration of the reservoir is 0.8 kg/m3, and the
injected polymer concentration is also 0.8 kg/m3.

Figure 8 gives the comparison of transient pressure
responses calculated under the Newtonian and the non-
Newtonian situation, respectively. The result of the build-
up test indicates similar conclusion to that of a fall-off
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Figure 7: Log-log plot of the well bottom pressure and pressure
derivative of the pressure fall-off period for various polymer con-
centrations under the medium shear thinning.
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Figure 8: Log-log plot of the well bottom pressure and pressure
derivative of the production well for different𝑀-𝑉 curves.

test: shear thinning reduces the pressure change and draws
down the peak value of derivative and induces early stage
nonsmoothness on the derivative curve. As there exists an
original distribution of polymer, the curves in Figure 8 are
different from those in Figure 6 in late stage.

4. Case Study

We study a five-well group from a polymer flooding reservoir
in Daqing oil field with a production well in the center,
and other four injection wells around it. The average layer
thickness is 5.5m. The positions of the wells are shown in
Figure 9. Water flooding production lasts for years in the
reservoir before the polymer flooding stage, and polymer
injection started in October 2009.



Journal of Chemistry 7

Injector 1

Injector 2

Injector 3

Injector 4
Producer 1

910.66m

751.93m

Figure 9: Computational domain for the real example.

Two pressure build-up tests were performed for the oil
producer in 2010.04 and 2012.04, respectively, for which the
details are given in Table 4. Log-log plots of the pressure
change and pressure derivative curves for the two well tests
are demonstrated in Figures 11 and 12.

We can see from Figures 10 and 11 that pressure transient
response of the two build-up tests is different in that the
derivative curves of Test1 is smoothwhile the derivative curve
of Test2 shows early stage nonsmoothness. We explain this
with the shear-thinning-induced nonsmoothness. Here are
some evidences. By referring to the record of production,
we know that polymer injection began in 2009.10. Polymer
concentration detected at the production well stays very
low at first until a marked increase in 2010.07, and polymer
concentration by the time of 2010.04 is only 0.009 kg/m3
which means the injected polymer solution had not reached
the production well in 2010.4. Therefore, pressure derivative
curve of Test1 is not affected by the polymer shear thinning
and shows typical characteristic of Newtonian flow situation.
While for Test2, by the time of which the measured polymer
concentration at the productionwell is 0.85 kg/m3. So accord-
ing to the discussion of the example given above, it is possible
that shear thinning of polymer solution affects the derivative
curve of Test2, making it nonsmooth in the early stage.

We design numerical calculation and perform well test
interpretation for the measured transient pressure data. The
calculation domain and gridding are shown in Figure 12,
and other parameters for calculation are given in Table 5.
The matched results of the measured pressure data and
numerical calculation data are shown in Figures 13 and 14.The
interpreted shear thinning curve is shown in Figure 15, and
other interpreted reservoir parameters are given in Table 6.

The result of numerical simulation indicates that by
the beginning of well test 1, polymer concentration in the
production well is 0, which means that injected polymer
had not reached the production well. Figure 13 shows that
the measured pressure change and the derivative curve
of the pressure are well matched by the numerical result.
We note that the calculated derivative curves of Test1 are
smooth in early stage. For Test2, numerical result shows

Table 4: Details of the well tests.

Name Test1 Test2
Date of test 2010/04/19 2012/04/15
Well Producer 1 Producer 1
Well test method Pressure build-up Pressure build-up
Time of stable
production, day 150 150

Liquid rate of stable
production, m3/day 74 30

Time of well shutdown,
day 3.01 3.09

Measured concentration
of polymer in the
production well, kg/m3

0.009 0.85

Time (days)

p
,p


(M

Pa
)

0.01 0.1 1

0.01

0.1

1

 Pressure change
 Pressure derivative

Figure 10: Measured pressure change and pressured derivative
curves for Test1.

polymer concentration of the producer is 0.74 kg/m3, while
the measured data is 0.85 kg/m3. The results indicate that
polymer solutions injected into the reservoir had already
reached the oil producer by the time of Test2. Figure 14 shows
that not only thewhole shape of the curves iswellmatched but
also the nonsmoothness of the derivative is fitted through the
interpretation. During the fitting for Test2 we find that the
oscillation amplitude and position of the nonsmoothness are
quite sensitive to the shear thinning curves, and small change
of the shear thinning curve may lead to obvious change of
the nonsmoothness. This indicates that in well test analysis
the nonsmoothness of the derivative curve is a significative
feature which can be interpreted to determine the shear
thinning curve.

The finding shows significant importance for practi-
cal well test analysis for the following reasons: first, the
nonsmoothness of pressure derivative curves is a common
phenomenon ofwell test for polymer flooding in oilfields, and
it is mostly considered to be caused by the heterogeneity of
polymer slug, ormeasurement error.The finding of this study
provides a new explanation for the frequently occurring of
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Table 5: Parameters for calculation.

Parameters Value
Layer thickness, m 5.5

Horizontal permeability, 𝜇m2 Permeability
distribution

Porosity (initial) 0.2
Compressibility of rock, 1/MPa 0.00015
Initial saturation of oil 0.35
Initial saturation of water 0.65
Wellbore radius, m 0.1
Reference pressure for PVT Calculation, MPa 2
Viscosity of oil, Pa⋅s 0.0067
Viscosity of water, Pa⋅s 0.0006
Volume factor for oil 1.12
Volume factor for water 1
Compressibility of oil, 1/MPa 0.00084
Compressibility of water, 1/MPa 0.000449

Time (days)

p
,p


(M

Pa
)

0.01 0.1 1

0.1

1

10

Pressure change
Pressure derivative

Figure 11: Measured pressure change and pressured derivative
curves for Test2.

derivative curve nonsmoothness. Second, while most shear
thinning data used in oil field are obtained from simplified
experiments and do not represent the real in situ rheology,
this finding provides an approach to estimate the polymer in
situ rheology from transient pressure data.

Other interpreted parameters in Table 6 show that the
near-wellbore permeability decreased and skin increased
from Test1 to Test2.The interpreted data in Table 6 reflect the
damage of the formation and wellbore by polymer solution.

5. Conclusion

In this paper, a polymer flooding model is presented and a
fully implicit numerical simulator was developed based on
the PEBI grid. Using the numerical simulator, parametric
studies are conducted to study the pressure transient analysis
for polymer flooding. Finally, a field case is studied and

Injector 1

Injector 2

Injector 3

Injector 4

Producer 1

Figure 12: Gridding for the real example.
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Measured pressure derivative

Calculated pressure change
Calculated pressure derivative

p
,p
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Figure 13: Pressure change and pressure derivative history match
for Test1.

numerical well test analysis is performed to interpret the
measured data.

By performing parametric studies, we find that the
polymer concentration and polymer shear thinning effect
greatly affect the BHP.The pressure transient response under
different polymer concentration without consideration of
the shear thinning effect show that the increasing polymer
concentration makes a larger pressure change, and a longer
flow-continued time of the wellbore storage stage and the
transition stage. By considering the shear thinning effect,
we find that the polymer shear thinning leads to a smaller
pressure change, and the flow-continued time of the early
stage is not significantly affected by shear thinning effect.
Shear thinning also makes the pressure derivative curve
nonsmooth during the wellbore storage and the transition
stages, which is caused by the rapid change of the fluid
mobility. The oscillation amplitude of the nonsmoothness is
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Table 6: Interpreted parameters.

Date Near-wellbore permeability, 𝜇m2 Wellbore storage, m3/MPa Skin Porosity
2010.4 0.35 2.65 4.8 0.2
2012.4 0.25 0.6 9 0.2

Time (days)
0.01 0.1 1

0.01

0.1

1

10

Measured pressure
Measured pressure derivative

Calculated pressure
Calculated pressure derivative

p
,p


(M

Pa
)

1E − 3

Figure 14: Pressure change and pressure derivative history match
for Test2.
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Figure 15: Interpreted𝑀-𝑉 shear thinning curve.

influenced by the𝑀-𝑉 shear thinning curve and the polymer
concentration.

A field case is studied in which two pressure build-
up tests were performed on an oil producer in different
stages of polymer flooding process. Significant differences are
detected between the measured pressure curves of the two

well tests, among which the pressure derivative curve of the
later one showednoticeable feature of polymer shear thinning
while the derivative curve of the earlier well test does not.
The measured pressure data validate our parametric study.
Numerical calculation and well test interpretation are also
performed for the field example. It is found that the shear
thinning calculation has a significant impact on fitting of
the transient pressure curves, and the nonsmoothness of
pressure derivative is possibe to be interpreted to determine
the polymer in situ non-Newtonian properties.

Nomenclature

𝐵: Formation volume, dimensionless
𝐶: Mass concentration, kg/m3
𝐶ads: Adsorbed concentration, kg/kg
𝐶wellbore: Wellbore storage, m3/MPa
𝐷: Depth, m
ℎ: Layer thickness, m
𝐾: Absolute permeability, m2
𝐾
𝑟
: Relative permeability, dimensionless

𝑀: Shear thinning multiplier, dimensionless
𝑛: Time step, dimensionless
𝑝: Pressure, Pa
𝑞: Flow rate, m3/s
𝑅
𝑘
: Permeability reduction factor,

dimensionless
𝑟
𝑤
: Wellbore radius, m

𝑟eff: Effective radius, m
𝑆
𝑙
: Saturation of phase, 𝑙 subscript 𝑙 = 𝑜, 𝑤,

dimensionless
𝑆: Skin factor, dimensionless
𝑡: Mass concentration, s
𝑉: Velocity, kg/m3
𝛾: Shear rate, s−1
𝛾
𝑙
: Gravity factor, N/m3

𝜇: Viscosity, Pa⋅s.

Subscripts

𝑜: Oil phase
𝑤: Water phase
𝑝: Polymer
sa: Salt
0: Zero shear rate.
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