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Introduction

Artificial lift systems (ALS) are used in ma-
ture oil fields, which have insufficient pres-
sure to produce hydrocarbons naturally. No-
wadays, sucker rod pumping systems hold a
significant share of the artificial lift market
[12]. In Lower Austria, for several decades,
oil is produced by the use of sucker rod
pumps. However, in the past decades, the
large fields became super mature, and hyd-
rocarbons‘ economic recovery is challen-
ging. With oil viscosities of 16 cp, respec-
tively 10 cP, the oils are ranked as low vis-
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cous oils. The polymer injection is supposed
to increase the oil recovery of two heavily
water flooded horizons and reduce the wa-
ter cut.

Typical chemicals used for enhanced oil re-
covery are polymer, alkali, and surfactants
[10]. Polymers, mixed with the processed
and reinjected oil field water, increase the
aqueous phase‘s viscosity, reducing its mo-
bility ratio. Oil recovery is increased by re-
ducing the permeability to water in the re-
servoir [29], as the waterfront moves from
the injection well towards the producer.
Combinations of the typical chemicals,
such as surfactant — polymer flooding and,
alkaline surfactant-polymer flooding, were
limited to field pilots so far [30]. The che-
micals added to the reinjected oil field water
and caused by their reactions with the reser-
voir fluids alter the fluid behavior from
Newtonian to non-Newtonian. Once the
modified water phase and oil mixtu
reaches the producer, the artificial lift
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a particular focus needs to be set on the per-
formance of existing and new lifting sys-
tems in these fields.

Field experience from existing chemical
EOR fields showed problems, which are un-
typical for conventional oil production. A
review of the Dagqing oil field in China re-
ported severe problems with sucker rod
pumps. Carbonate and silicate scale deposi-
tion destroyed the downhole pump gradu-
ally and resulted in a/decline of the pressure
capacity and an increase in leakage rate. An
anti-scaling artificial lift strategy was intro-
duced to increase fthe Eaghing lives of pro-
gressive /cavity pumps [3 ales on tu-
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mely high for beam-pumping wells [7].
Scale prevention and removal techniques
have been applied to increase the mean time
between failures. A new trend of well failu-
res was observed at beam pumps in a poly-
mer flooding oil field south of Oman [1].
The downhole equipment failures have in-
creased significantly since the injected poly-
mer is back-produced. The high shear stres-
ses, caused by the non-Newtonian mixture
of polymer — water — oil, resulted in floating
rods and massive rod — tubing wear. Demin
et al. [6] analyzed the rheology of viscous-
elastic polymer fluids and the associated ef-
fect upon production equipment (2004),
mainly focusing on polyacrylamide (PAM)
flooding Dagqing oilfield, China. Especially
for beam pumps, eccentric mechanical wear,
caused by the fluid stream‘s normal force,
was seen, which caused a concise service
life. Jiang (2016) [14] evaluated the effect of
rod guides in an alkaline-surfactant-polymer
flood field. An essential reduction of the sys-
tem efficiency has been seen. Boyer and Do-
rado (2009) [3] published a method for miti-
gating rod floating in rod pumped wells
using a variable speed drive system. The au-
thors conclude that rod floating is caused by
excessive viscous rod drag forces along the
rod string, and a speed reduction can signi-
ficantly reduce these.

The field redevelopment in the Vienna basin
considers the drilling of several infill wells
for injection and production. The new pro-
duction wells will be equipped with electric
submersible pumps, as this type provides a
higher production capacity than sucker rod
pumps. Nevertheless, the existing produc-
tion wells are equipped with sucker rod
pumps that will not be replaced by electric
submersible pumps [13]. As a result, a close
investigation of sucker rod pumps‘ perfor-
mance in their environments is required.
Substantial scientific work has been done in
the past to investigate the pump behavior of
Newtonian liquid mixtures. In contrast, the
objective of this article is to evaluate the per-
formance of sucker rod pumping systems for
pumping Non-Newtonian fluids, especially
the rod fall velocity and rod string floating,
which is not shown in literature so far, by ap-
plying CFD simulations and a large-scale lab
tests.

Polymer Composition and Properties

The tested polymer is characterized as a
standard partially hydrolyzed polyacrylami-
de (HPAM). The tested polymer concentrati-
on is defined as equal to that of polymer
back-producing wells in the field. HPAM is
dissolved in produced filtered water at a po-
lymer concentration of 2000 ppm, which re-
sults in the target viscosity of 20 cp at shear
rates below 10 s, at a temperature of 35°C,
and a density of 1,200 kg/m?. This type of
fluid is classified as viscoelastic fluid, which
combines the elastic behavior of solids with
the viscous behavior of fluids [33]. This non-
Newtonian fluid shows a change in viscosity
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with shear rate [28]. The polymer solution
shows a pseudoplastic shear thinning beha-
vior at the macro scale and can be described
by the Power Law Fluid Model (Fig. 1) [2].

Fig. 1 Pseudoplastic shear thinning behavior of the
polymer

The polymer system viscosity is dependent
on the fluid temperature, the polymer con-
centration, its molecular weight distributi-
on, and the degree of chemical or mechani-
cal degradation. The shear-thinning behavi-
or of the used polymeric systems was deter-
mined in the lab before being used for
testing. The mixed polymer shows zero
shear rate viscosity at a shear rate below 1 1/s
with 0.09 Pas and infinite shear viscosity
above about 150 1/s with 0.01 Pas at a tempe-
rature of 15°C. The significant temperature
dependency of the polymer results in a drop
in viscosity with the increase in tempera-
ture. Figure 2 presents the viscosity versus
shear rate behavior. The temperature-de-
pendent coefficient K drops with tempera-
ture, whereas the n is the exponent that re-
mains relatively constant. In Figure 2, the
rheological parameters of the polymer solu-
tion after testing at 15°C are included. A sig-
nificant drop in viscosity can be seen, which
is the result of a severe degradation caused
by the contact of the polymer with the test
equipment and oxygen.

Fig.2  Dynamic viscosity versus shear rate behavi-
or / semi-log plot

Figure 3 presents the shear stress — shear ra-
te behavior of the polymer system. The high-
est shear stress is reached for low tempera-
ture and high shear rate with about 1.6 Pa at
145 1/s. Significantly lower shear stresses are
caused by the degraded polymer solution,
taken from a sample after the laboratory
tests have been performed.

Fig. 3  Shear stress versus shear rate behavior /
log-log plot

Viscous Fluid Effects on the Rod String

Sucker rod pumps seem to suffer less when
pumping a non-Newtonian polymer soluti-
on than other artificial lift systems. Never-
theless, the requirement of the field redeve-
lopment on sucker rod pumps is to produce
250 m?/d of back - produced polymer soluti-
on. Al-Sidairi et al. (2019) [1] and Zhongxian
et al. (2017) [36] indicated severe erosion,
wear, and corrosion failures of sucker rod
pumps due to polymer back production. In
addition, a significant reduction of the rod
fall velocity was indicated because of viscous
friction on the sucker rod string, causing the
rod string to float. Finally, rod string buck-
ling might damage the rod and tubing string.
The rod fall velocity is the result of the sum
of all forces acting on the rod string. The
most significant forces acting on the rod

PRODUKTIONSTECHNIK

string during a pumping cycle in a vertical
well section (concentric tubing — rod string
geometry without contact between rod
string and tubing inner wall and Coulomb
friction) assumed) are stated by Takacs
(2015) [32]. The viscous friction force E, de-
pends directly on the fluid’s viscosity (Eq. 1)
[25]. In contrast, the turbulent drag force F
shows a quadratic relation to a solid object‘s
movement speed in a fluid (Eq. 2) [9]. Both
act at a sucker rod string in motion and con-
tribute to the produced fluids resistance
against its motion.

F_p=pA_s vly Eq.1

Where A_is the surface area of a solid object
in the fluid, v is the movement velocity of the
solid object in the fluid, and y is its distance
perpendicular to another solid surface.

F_D=C_D A_s Bv/22
Eq.2

where C is the drag coefficient, which de-
pends on the shape of a solid object in the
fluid and the actual Reynolds Number, and p
is the density of the fluid. The polished rod
load Frod during the downstroke can be cal-
culated by Eq. 3, where F_, string in 2if is the rod
string weight in the air, F, is the buoyancy
force, and F coutomb is the Coulomb friction
force considered if the rod string is in con-
tact with the inner wall of the tubing in incli-

ned wellbores or doglegs.

F_(pol.rod)=F_( rod string in air)-F_B-(F_
p+F_D)-F_(fr,Coulomb)
Eq.3

In sucker rod pump operations, much higher
viscous friction forces occur during the
downstroke than during the upstroke be-
cause of the higher relative velocities bet-
ween the rod string and produced fluid. Du-
ring the downstroke, the rod string submer-
ges in the tubing fluid. During the upstroke,
the tubing fluid moves almost parallel with
the rod string in the same direction, and no
significant relative velocity develops. The
downstroke is the main subject in various
publications investigating rod string floa-
ting and viscous friction in general [3, 32].
The rod string is slower moving downwards
than the horsehead, wireline hanger, and
carrier bar, as the polished rod velocity sur-
passes the rod fall velocity. As a result, the
polished rod clamp detaches from the carri-
er bar. As density changes marginally bet-
ween standard production and chemical en-
hanced oil recovery, viscous friction is the
reason [4, 26]. Dynamometer cards can be
used to identify rod string floating. Close to
or zero loads during the downstroke typi-
cally indicates rod string floating, even if not
visible at the surface. Boyer and Dorado have
published example dynamometer cards [3].
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Rod string floating has severe consequences
on the unit loading and the production rates
since it significantly shortens the effective
pump plunger stroke length. Crankshaft and
gear reducer torques increase as there is no
rod string-weight support when lifting the
counterweights. Consequently, the lifting
efficiency and energy efficiency decrease.
An efficiency study of SRPs in the Daging
Oil Field (China) reflects these trends. Su-
cker rod pump system efficiency decreases
with increasing polymer solutions and incre-
ases viscous friction between the rod string
and those solutions. During various polymer
flooding stages in this oil field, system ef-
ficiencies drop from 42% in the pre-polymer
flooding time to 33% during the main poly-
mer slug. Stroke length and pumping speed
have been seen as one of the main efficiency
drivers. The larger the stroke length, and the
higher the pumping speed, the higher the
system efficiency [14]. In the polymer floods
in the Sleepy Hollow Reagan Unit (US) and
Marmul Oil Field (Oman), decreased gross
productivities due to system efficiency los-
ses were observed too [27]. The critical rod
fall velocity determination is the primary
target to optimize SRP systems in this appli-
cation field.

Large-Scale Pump Test Facility Tests

The pump test facility at the Montanuniver-
sitaet Leoben was used to investigate a large-
scale lab test of the polymer solution‘s vis-
cous effect on the sucker rod string [18, 19].
The large-scale lab test‘s objectives are eva-
luating the viscous friction force for pure
water and the 2000 ppm HPAM polymer so-
lution for different movement velocities in
vertical and inclined (30°) operating modes
for the calibration of the CFD simulation.

Test Preparation

The test facility was prepared by installing
several meters of a 3 % in. tubing, the
housing for the test equipment. A stainless-
steel tubing was selected, as laboratory tests
have indicated a substantial alteration of the
HPAM polymer solution if being in touch
with carbon steel. The tubing was closed via
a flange equipped with a drain valve at its
bottom end, which allowed draining and ex-
changing the used liquids for the various
test runs quickly. At the top, the tubing is
flanged into the facility‘s wellhead. The tes-
ted equipment is a 1.8 m long, 1 in. sucker
rod string segment with one 3 %2 in. rod gui-
de and a regular-sized coupling at the top
(Fig. 4). The coupling is connected to the
polished rod and connected by a 500 N ben-
ding beam type load cell to the test facility‘s
sled. The rod string segment‘s weight with
the polished rod was taken in air and is 13.76
kg (135 N). After installation, the installed
equipment was completely submerged in li-
quid.

Fig.4  Schematic of tested equipment
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The tubing's liquid volume with the equip-
ment to be tested being installed was evalua-
ted with 25 liters. The HPAM polymer soluti-
on was prepared with 20.5 liters of water
with a potassium chloride concentration of
2wt.% and 4.5 liters of 11,000 ppm mother
polymer solution provided by the industry
partner.

In the field, the pump jack‘s movement [31],
which shows some kind of sinusoidal beha-
vior, dictates the polished rod velocity. The
elasticity of the several hundreds of meter
long rod string influences its movement cha-
racteristics. Commercial software or Finite
Elements Simulations [8, 17] can be used to
analyze the rod string velocity at any point in
detail. The maximum velocity causes the
highest friction force, most interesting du-
ring the pumping system‘s downstroke.
Commercial software was used to evaluate
the rod string motion for a rod string design
comparable to Well 1, a stroke length of 1.8
m, at 4 and 6 SPM. The analysis showed that
the maximum system velocities of 0.36 m/s
for 4 SPM (Fig. 5) and 0.58 m/s for 6 SPM are
reached at the polished rod at a position of
about 0.82 m.

Fig. 5 Rod string velocity distribution of 1.8 m stro-
ke length and 4 SPM

Test Program

Several test runs with pure water and the
2000 ppm HPAM polymer solution were per-
formed in vertical and inclined positions.
The test velocities were chosen in the range
of 0.2 m/s and 0.58 m/s (6 SPM). In addition,
one test run without a rod guide in pure wa-
ter was performed to assess the rod guide‘s
influence on the viscous friction. The rheo-
logical parameters were taken before and af-
ter the tests (Fig. 2 & 3). For the laboratory
tests, a load cell was installed on top of the
polished rod and connects the test equip-
ment to the drive of the pump test facility.
The load cell reading was recorded conti-
nuously.

Test Evaluation

Viscous friction acts against the rod string
motion direction and reduces the effective
polished rod load or load cell readings in the
lab tests. As a result, each test scenario will
return different load cell readings. Each test
scenario was run for several strokes. The
load trend goes in line with the velocity
trend. During the acceleration and decelera-
tion periods of the sled, the load increases
during the upstroke and decreases during
the downstroke. A significant drop in the
load during the downstroke can be obser-
verd.

For evaluating the recorded data, several
strokes at stabilized conditions (constant
speed) were considered. The recordings at
constant speed were taken, and the averaged
load cell force F |, calculated. Based on the
F the viscous friction force F is

pol.rod vis.friction

calculated by a rearrangement of Eq. 3 (see
Eq. 4).

F_(vis.friction)=F_p+F_D=F_( rod string in
air)-F_B-F_(pol.rod)-F_(fr,Coulomb)
Eq. 4

Table 1 summarizes the evaluated test re-
sults.

It can be seen that the viscous friction at the
rod string segment increases for the HPAM
polymer solution, with increasing pumping
speed, and, slightly, with inclination and rod
string/tubing eccentricity. The friction coef-
ficient between the rod guide and tubing can
be calculated based on the inclined tests and
is about 0.015. A notable decrease in fluid
friction was seen when the rod guide was re-
moved. Fluid friction dropped by about 3.4
N for pure water and 4 SPM at the test facili-
ty. The results indicate that the rod guide‘s
viscous friction is more than 50% of the ove-
rall viscous friction at the rod string seg-
ment. Figure 10 shows the viscous friction
versus speed trend of the vertical test arran-
gement for water and the HPAM solution. It
can be seen that the inclination of the re-
gression lines is almost equal with the one
for the HPAM solution being slightly stee-
per. The trends go in line with the theory.

Numerical Simulation
A CFD model was set up to validate the poly-
mer-rod string interaction numerically.

Geometry and Computational Mesh

The model geometries and the correspon-
ding flow domain meshes for the CFD simu-
lations are created by the open-source CAD
modeling software Salome. A 180 cm long
sucker rod string segment, with dimensions
equal to those used in the lab tests and field
sample well, is the basis for the model’s geo-
metry. A1in. rod string with a standard size
coupling and a 3 % in rod guides inside a
3%in. tubing are modelled. Since both verti-
cal and deviated wellbore trajectories are
considered, a concentric version for a verti-
cal well section and an eccentric version for
a deviated well section is provided. For the
eccentric model, an inclination of 30° is de-
fined. Figure 6 shows a representative
segment‘s geometry for a vertical wellbore
consisting of rod string, coupling, and rod
guide.

Fig.6  Representative geometry for a vertical well
section including rod string, coupling, and rod guide

The rod string segment models contain all
relevant geometrical information of the
sample well’s rod string. In contrast, this
component-wise approach allows straight-
forwardly converting the fluid friction force
results of the CFD simulation to a sucker rod
string of arbitrary length. Since the back-
produced polymer solution‘s flow is of inte-
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rest, the model regions where fluid flows
occur need to be defined by an appropriate
mesh. The mesh generated in Salome con-
sists of hexahedral elements. In total, the
numerical model consists of 86,000 hexahe-
dral cells. In Figure 7, a representative sec-
tion of the created flow domain around a rod
guide for a vertical well section is depicted.
It can be seen that a refinement of the mesh
was chosen in regions of edges and small
flow cross-sections.

Fig. 7 CFD mesh around the rod guide

The surface irregularities of the rod string,
coupling, rod guide, and the tubing‘s inner
wall are minor compared to the flow path;
moreover, they are also assumed to be in the
viscous sublayer, not affecting the flow away
from the surfaces. Hence, all actual model
surfaces are classified as hydraulically
smooth.

Governing Equations

Both fluid types (saltwater and polymer so-
lution) can be considered incompressible;
the continuity equation and the Navier-
Stokes equations for incompressible fluids
are the numerical simulations governing
equations (Eq. 5 and Eq. 6).

where p is the density of the fluid, v is the
velocity field, p is the pressure, v is the kine-
matic viscosity of the fluid, g is the vector of
the acceleration of gravity, t is the time, and
is the nabla symbol. The saltwater, which ex-
hibits a salinity of 20,000 ppm, is treated as
a Newtonian fluid. However, since the poly-
mer is considered a Newtonian fluid, the vis-
cosity is not constant but a function of the
associated shear rate. To describe the shear-
thinning behavior of the polymer, the Power
Law model is applied.

The selected numerical solver in OpenFOAM
is the so-called pisoFoam solver, a transient
solver for incompressible, Newtonian, or
non-Newtonian fluids and turbulent flow re-
gimes. The selected turbulence model for all
simulated scenarios is the k-o-SST model.

Initial- and Boundary Conditions

The initial conditions refer to a static situati-
on —no movement of the rod, and the veloci-
ty field is zero. Several cycles are simulated
to overcome the startup influences. During
the rod‘s downstroke, it displaces fluid by its
volume, resulting in an upwards flow field.
Nevertheless, the fluid velocity is equal to
the wall velocity; thus, zero at the tubing
wall and the actual rod velocity at the rod
wall. The velocity profile will be obtained by
prescribing the appropriate boundary condi-
tions (Fig. 8). At the outlet of the flow do-
main, a zero-gradient boundary condition is
applied for the velocity.
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Figure 8: The inlet velocity distribution is
the boundary condition given and constant
across the gap. The velocity field in the
middle is the result of the initial and bound-
ary conditions

In terms of pressure, a zero-gradient bound-
ary condition is applied at the inlet and the
rod, coupling, and rod guide surfaces, as
there are neither pressure sources in the
flow direction nor at these surfaces. In addi-
tion, a fixed value of zero is chosen for the
outflow boundary condition, indicating that
there is no backpressure. The simulation
evaluates relative pressures, and as the fluid
is incompressible, the absolute pressure is
insignificant or can be added afterward.

For a stable simulation, the Courant num-
ber, a function of the flow velocity, the time
increment, and the minimum cell size needs
to be smaller than 1. Therefore, the selected
time increments are 0.00025 s, resulting in
a calculation duration of 5 hours for 1 s of si-
mulation.

Simulation post-processing and analysis
When the simulation has completed suc-
cessfully, the fluid wall shear stresses at the
modeled rod string section surfaces are de-
termined per time increment for each scena-
rio.

Fig.9  Fluid wall shear stresses at the model sur-
faces in a vertical well section

The fluid wall shear stresses are the basis for
calculating the fluid friction and drag forces
at the rod string segment and its compo-
nents. A depiction of simulated wall shear
stresses with saltwater and 2,000 ppm poly-
mer solution visualized with ParaView can
be seen in Figure 9. Colour intensity indica-
tes the magnitude of the fluid wall shear
stress. For illustration, the sucker rod string,
simulated in the vertical direction, is rotated
90° in a counter-clockwise direction.

By integration of the vertical (z-) compo-
nents of the fluid wall shear stress over the
defined surfaces of the model geometry (rod
string surface, coupling surface, rod guide
surface) in ParaView, it is possible to directly
calculate the fluid friction and drag forces
acting on the rod string surfaces for each si-
mulated and recorded time step. In additi-
on, ParaView provides the possibility of ext-
racting the various rod string components
and analyzing the fluid friction forces acting
on them individually. Selected lab test re-
sults verified the CFD simulation. Table 2
indicates a good match between lab tests
and simulation results. The results show a
good agreement.

Tab.2  CFD simulation verification

Figure 10 presents the comparison of the la-
boratory test results and the CFD simulation
results. It reflects some expectable trends of
the friction between the rod string and pro-
duced liquids. Fluid friction forces at the rod
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string are noticeably higher for the 2,000
ppm polymer solution than water, especially
at the rod guide and the coupling. Further-
more, the fluid friction forces are proportio-
nal to pumping speed, or more specifically,
to the relative velocity between the rod
string and produced liquids. Inclination has
a comparatively small effect on fluid fric-
tion. The reason why the maximum fluid
friction forces with the polymer solution are
higher than for water is that the relative velo-
city between the rod string and produced li-
quid during downstroke does not reach valu-
es high enough for articulate shear-thinning
of the polymer solution and for water to be-
come fully turbulent over a certain period. In
such situations, the viscous friction is domi-
nant, and the turbulent drag is relatively
small. The trend with increasing pumping
speed can already be seen when comparing
the above scenarios with 4 SPM and 6 SPM.
The effect of saltwater in viscous friction
was seen to be insignificant.

Fig. 10 Comparison of the laboratory test results
and the CFD simulation results

Field Test and Observations

Sucker Rod Pump operational observations
have been made at Well 1. In March 2019,
rod string floating was first documented at
Well 1, which is part of a polymer flooding
injector — producer pilot pattern of the rede-
velopment project. The 40-375-TH-24-4
downhole pump is installed at a depth of
700 m TVD. The rod string comprises 500 m
of 1 1/8” sucker rods with 2 rod guides per
rod, 170 m of 1” sucker rods with 4 rod gui-
des per rod, and 30 m of 1 3/4“ sinker bars.
The surface unit (Lufkin 1280) is operated at
5.23 SPM.

Figure 11 shows a trend plot of Well 1 from
March 2019 till May 2020. Input voltage fre-
quency of the variable speed drive, pumping
speed, production rate, and pump volumet-
ric efficiency are shown. Pumping speed ad-
justments (reductions) were performed
whenever the rod string floating was noti-
ced. Nevertheless, it was attempted to run
the system at the critical pumping speed,
just below the onset of rod string floating.
Therefore, the occurrence of high viscous
friction of back-produced polymer solutions
at the rod string with rod string floating is
best identified by analyzing adjustments of
prime mover input voltage frequency and
pumping speed over the period. Input volta-
ge frequency adjustments have been made
between March 2019 and May 2020 to coun-
teract rod string floating and increased
downhole pump leakage because of the co-
production of formation sand.

On the 7™ of March 2019, the prime mover
input voltage frequency was reduced be-
cause the pumping speed led to rod string
floating. The frequency increase on the 28"
of June was an attempt to increase the pum-
ping speed and production rate. However,
the frequency and pumping speed had to be
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again reduced on the 3 of July since rod
string floating occurred again. A recent att-
empt to increase pumping speed and pro-
duction rate were made on the 11" of July
and withdrawn on the 20 of July since rod
string floating occurred again. The stepwise
prime mover input voltage frequency increa-
ses between the 19 of August 2019 and the
17% of January 2020 were made to compen-
sate for the increasing severity of downhole
pump leakage — otherwise increasing the in-
put voltage frequency would have led to rod
floating again. Although the production rate
continuously decreased for the actual target
rate of 200 m>/day to values as low as 130m?/
day between January and May 2020 due to
the steadily increasing severity of downhole
pump leakage, the input voltage frequency
could not be increased further because of
the rod string floating issues.

Fig. 11 Well 1 operational and production Data
Trend (Gesslbauer, H. 2021)

In the mid of 2020, a rod string exchange
was finally done to overcome the rod floa-
ting problem. The rod string was replaced by
a 98 API rod string (450 m of 11/8” rods, 195
m of 1” rods), each having 2 rod guides per
rod and 35 m of 1 3/4“ sinker bars. The ope-
ration parameters were not changed. Since
that replacement, no rod string floating has
been seen.

Figure 12 shows dynamometer cards for se-
veral times of Well 1. The cards from
20.03.2019 and 21.05.2019 looked similar
and were taken at a very low polymer con-
centration period. No rod string floating was
observed. The card from 28.06.2020 was ta-
ken during a severe rod string floating peri-
od. Due to significantly changed conditions,
a comparison to the last two cards would be
misleading. The card from 25.08.2020
shows the polished rod performance after
the rod string change, similar to the initial
behavior.

Fig. 12 Well 1 Dynamometer Cards at several time
steps

The measurement from 28.06.2019 indica-
tes severe rod floating during the downstro-
ke. The load decreased significantly at posi-
tions between 3.3 and 2.1 m; the polished
rod clamp was lifted from the pump jack's
carrier bar. During the upstroke, an essential
load increase was seen. The peak polished
rod load increased from 80 kN to 90 kN.

A polymer spike test was performed in Well
2 in addition. Significant influences of the
pump performance, when pumping the po-
lymer have been seen (Hoy et al., 2020).

Comparison Field Spike Test and Simulation
Results

A detailed comparison of the field spike test
results and the CFD simulation results of
Well 2 was performed. The Lufkin 640 pump
jack reaches a stroke length of about 4.3 m.
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The maximum rod string downward velocity
is 0.6 m/s for 2.6 SPM operating speed.

Tab. 3  CFD simulation results of Well 2

Equipment

Table 3 compares the simulation result of
the viscous friction for pure reservoir fluid
and the polymer solution for the Well 2 con-
figuration. The simulation indicated a gene-
ral increase in viscous friction for all compo-
nents. In total, the viscous friction force in-
creased by 30% from 3,735 N to 4,858 N,
which is in absolute numbers 1,126 N. In the
field, a drop in polished rod load at the mid
of the stroke of about 1.3 kN was seen for the
polymer solution, which represents a pretty
good match of the simulation.

The challenge is to reduce the influence of
the show effects when pumping polymer so-
lutions. On the one hand, particular types of
downhole pumps (SRABS) can be used
(Langbauer et al., 2013; Langbauer, 2015;
Langbauer et al., 2018), which tension the
rod string during the downstroke, thereby
preventing buckling and are counteracting
the downstroke viscous friction. The next
step in the research is installing and testing
the SRABS pump‘s performance in a poly-
mer back-producing well, as it promises bet-
ter performance than a standard downhole
pump. In addition, a reduction of the plun-
ger friction force can reduce the compressi-
ve loads in the rod string. Another aspect is
the detailed analysis of the plunger clea-
rance, as it can significantly contribute to
the viscous friction of the pumping system
(Kochtik and Langbauer, 2018). Furthermo-
re, to prevent sand from being trapped bet-
ween the rod guides, being in touch with the
tubing, efficient downhole desanders can be
used (Langbauer et al., 2020). Finally, effec-
tive pump prediction is requested to be awa-
re of the downhole conditions (Chevelcha et
al., 2013; Langbauer et al., 2021).

Conclusions

In this article, the fundamentals of polymer
flooding as a method of tertiary oil recovery,
the respective rheology, and its impact on
sucker rod pumping were discussed. Field
experience from existing chemical EOR
fields showed problems, which are untypical
for conventional oil production. Sucker rod
string floating and system efficiency losses
are attributed to the fluid friction between
the sucker rod string and the back-produced
polymer solutions. The mechanisms of these
issues were reviewed, and the fluid friction
forces between the sucker rod string and re-
levant produced liquids were investigated in
a field production test and determined with
laboratory tests and CFD Simulations.

The laboratory tests indicated a substantial
degradation of the HPAM solution when in
touch with oxygen and carbon steel equip-
ment, resulting in a drop to about 30 % of
the initial solution viscosity. The laboratory
measurements have been used to verify the

numerical computational fluid dynamics si-
mulation. A good match was achieved. The
results of the simulations provide a basis for
the sucker rod string design of polymer solu-
tion back-producing SRPs. Generally, poly-
mer solutions change the usual operating
conditions for SRPs to operation with incre-
ased fluid friction at the sucker rod string,
particularly during the downstroke. The is-
sues of SRP system efficiency losses and su-
cker rod string floating due to fluid friction
at the sucker rod string may become more
notable in these cases if countermeasures
are not implemented in time. The review of
field observations has shown that polymer
solutions can cause severe rod string floo-
ding. A spike test in the field confirmed the
lab and simulation results.

The results of the presented CFD simulation
determine the fluid friction forces. This
knowledge can serve as a basis for the re-
design of SRP rod strings and part of a com-
pany-intern design standard for SRPs in po-
lymer flooding projects. In addition, the si-
mulations show that the resulting fluid fric-
tion force acting on a sucker rod string is
generally higher with polymer solutions
than with conventional reservoir fluids. For
instance, with 6 SPM and a stroke length of
488 cm, the fluid friction force at a single
rod string with 2 rod guides is about 35 %
higher with a 2000 ppm polymer solution
than conventional reservoir fluids.
Stand-alone pumping speed reduction wit-
hout rod string redesign reduces fluid fric-
tion when back-producing polymer solu-
tions is not a proper solution since it reduces
gross production rates. Early rod string re-
design would be the right approach to hand-
le increased fluid friction without impairing
the production rates. At the same time, no
distinct SRP design standard for back-pro-
ducing polymer solutions has been develo-
ped so far. The general conclusion is to re-
duce the number of rod guides to use a big-
ger pump size while reducing the pumping
speed.
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