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With the extensive application of polymer flooding technology in offshore oilfields, the plugging in
polymer injection wells has become more and more severe, which seriously affects the oil displacement
effect and regular production of oilfields. In this paper, a new kind of blockage remover has been
developed and evaluated by rheological behavior experiments, dissolution experiments and core
flooding experiments. The results reveal that this new blockage remover can effectively reduce the
viscosity of polymer and completely degrade the reservoir blockage with low corrosion rate. It is
beneficial to long-term production of oil wells in offshore oilfield. Results of core flooding experiments
show that this new blockage remover can relieve polymer damage and improve permeability. The agent
has been applied in LD10-1 oilfield in 2016, the daily injection rate increased significantly after
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Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license (http://
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1. Introduction

With the continuous development of Bohai oilfield, polymer
flooding technology has become one of the most important
methods to stabilize and increase oil production in offshore heavy
oilfields [1,2]. However, the high viscosity of polymer solution and
the adsorption (or trapping) of polymer in the pores of formation
can easily lead to increase of injection pressure and decrease of
injectivity. On the other hand, with high temperature, high pres-
sure, complex biological and chemical conditions, the polymer will
form a blockage which can block the pores of reservoir. In partic-
ular, the hydrophobic associative polymer used in SZ36-1 Qilfield is
characterized by its viscosity, poor solubility, the blockage caused
by this polymer is difficult to relieve and seriously affects the
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production of oilfield.

Many methods of plugging removal have been reviewed [3] in
order to enhance the polymer injectivity in damaged wells. Physical
blocking removal technology is using various vibration or pulse
generated by the shock wave to make blockages loosing and falling
off, then producing micro-fracture in near wellbore area [4].
However, the physical blocking removal technology is character-
istic with complex stimulation process, short plugging radius and
difficulty of control. Meanwhile, the offshore platform is limited to
the conditions of site, well structure and equipment, and hard to
put into practical use. Biological plugging removal technology can
effectively degrade the long chain of polymer by microbial meta-
bolism of surfactant, enzyme [5]. However there are strict re-
quirements for enzyme and this technology is still at research stage
and not mature enough for field application. Chemical plugging
removal technology is relatively mature for field application. It can
degrade polymer easily by strong oxidant, acid or surfactant [6,7].
But the validity of those chemical agents is only a few months, and
there are some potential safety hazards which are not conducive to
the long-term production of offshore oil fields.

A new type of blockage remover which consists of cleaning
agent, degradation agent and multi-hydrogen acid system was

2405-6561/© 2018 Southwest Petroleum University. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:liupingli@swpu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.petlm.2018.03.014&domain=pdf
www.sciencedirect.com/science/journal/24056561
www.keaipublishing.com/en/journals/petlm
https://doi.org/10.1016/j.petlm.2018.03.014
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.petlm.2018.03.014
https://doi.org/10.1016/j.petlm.2018.03.014

330 Y. Pan et al. / Petroleum 4 (2018) 329—336

developed. The removing mechanism and basic performance of this
new blockage remover were analyzed and evaluated based on the
experiment results.

2. Mechanism of blockage removing

After injecting into formation, the polymer is wrapped with the
crude oil and inorganic scale. Under the condition of high tem-
perature and high pressure, the blockage with complex structure
and stable chemical property is formed as shown in Fig. 1. Here, a
new blockage remover is developed with the function of perme-
ation swelling, stripping desorption, oxidation degradation, low
acid corrosion. This new blockage remover can remove the damage
of the formation through a series of measures synergies.

(1) Cleaning of organic deposition

The cleaning agent can be used to remove the damage in the
near wellbore area by stripping and dispersing the organic matter.
Meanwhile, it can clean the oil film on the surface of rock, promote
the change of wettability index, and improve the oil permeability.

(2) Degradation of polymer

Polymer is the main cause of plugging in polymer injection
wells, so the effective degradation of polymer gel is the most
important step [8]. According to the organic chemistry, the main
blockage is a compound with a high stability in C-C backbone and it
is difficult to degrade unless under high temperature and strong
oxidant conditions. When the degradation agent contacts with the
strong oxidizer molecular, the polymer is oxidized to produce free
radicals (eOH), alpha and beta pyrolysis cracking reaction initiated
by free radicals lead to the rupture of molecular main chain, ulti-
mately the molecular weight of polymer decreased rapidly.
Meanwhile, accompanied with the decarboxylation and deamina-
tion, different oxidative degradation products were produced, and
the long chain of polymer was broken down and finally achieved
the goal of polymer degradation. The degradation agent also has a
certain bactericidal effect, it can kill the bacteria on the pipeline and
near the wells so as to avoid the contact between the bacteria and
polymer [9,10]. The reaction process is shown in Fig. 2.

In addition to the crude oil and polymer, there are still a large
number of clay minerals and mechanical impurities in the reservoir.
The acid solution is used to solve these problems.

PH POOH
POO P PO+OH
0, PH

Fig. 2. Schematic diagram of oxidative degradation.

3. Experiment
3.1. Materials

AP-P4 (The hydrophobic associated polymers which are used in
Bohai Oilfield, My = 1000 x 10° g/mol, solid content is 88.02%):
fluid used in test is the formation water whose salinity is
19,334 mg/L (The salinity of formation water in Bohai Oilfield is
1500—2000 mg/L) with main components shown in Table 1; the
crude oil (viscosity is 2048 mPa s at 60 °C) and oil sands used in the
test are both from Bohai Qilfield. The blockage sample is from SZ36-
1 in Bohai Qilfield. The chemicals used in the experiment are shown
in Table 2.

3.2. Apparatus

Forcing stirrer is used to prepare polymer solution; Brookfield

Table 1

Main components of stimulation formation water.
Medicament CaCl, MgCl,-6H,0 NaCl
Content(g/L) 5.7165 4.3150 87.2890

Fig. 1. Sample of blockage in Bohai Oilfield.
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Table 2
Chemicals used in experiments.

Name standard type Name standard type

Nacl analytically pure salt SA-YS analytically pure Alkane

CaCl, analytically pure salt HCl industrial products acid

MgCl, analytically pure salt SA601 industrial products Acid

H,0, analytically pure oxidizing agent SA701 industrial products Acid

SA-GD analytically pure oxidizing agent SA1-3 industrial products tungstate

(NH4)2S,08 analytically pure oxidizing agent SA1-3Z industrial products phosphonate

DV-II viscometer is used to measure viscosity of polymer solution;
Freeze etched microscope is used to observe microstructure of
polymer and the surface morphology of steel; electronic scales; LDY
- VI acidification flow tester etc. In this paper, the experimental
temperature equals to the reservoir temperature (60 °C).

3.3. Experimental method
(1) Experiment of polymer degradation

The AP-P4 solution (200 mg/L) is prepared with formation water
for laboratory experiments; 200 mL polymer solution was added
into four testing beakers, respectively. 20 mL of each degradation
agent were respectively added into beakers. The viscosity was
measured in 1h, 2h, 4h, 8h, 12h and 24h. In order to evaluate the
effect of degradation agent on polymer, the morphology of polymer
molecules was observed by freeze etching microscope before and
after adding degradation agent.

(2) Experiment of blockage degradation

Polymer gel is the main reason for the formation plugging of
polymer injection wells. The performances of each degradation
agent were evaluated by blockage degradation experiment. 5g
blockage and 100 mL plugging removal agent were added into the
beaker, respectively. Placing the beaker into the constant temper-
ature box to observe following phenomenon.

(3) Experiment of static corrosion

The blockage remover consists of three components, which has
certain acidity and oxidation, and can corrode the tubing string. In
this paper, the weight loss method is used to evaluate the perfor-
mance of corrosion inhibitor, calculate the corrosion rate of
blockage agent before and after adding corrosion inhibitor. The
weighed steel discs were immersed into the blockage remover
solution with and without different inhibitor for 4h, and then taken
out, cleaned, dried, reweighed. The average corrosion rate was
calculated by the loss of weight.

(4) Experiment of core flooding

To comprehensively evaluate the plugging performance of
blockage remover, core flooding test was carried out. Crude oil and

inorganic scale were mixed as clingage according to the proportion
of 1:1, clingage and oil sands were mixed uniformly to make arti-
ficial core, in which the contents of clingage was 10% and 15%. The
core flooding experiments were carried out at 60 °C. The experi-
mental procedure is described in Table 3.

4. Results and discussions
4.1. Experiment of polymer degradation
(1) Evaluation of viscosity reduction

The degradation effects of the traditional oxidative degradation
agents and the new agent on hydrophobic associated polymer (AP-
P4) were investigated experimentally. It can be found from Fig. 3
that all curves exhibit similar trends. The viscosity of polymer so-
lution decreased sharply after adding the degradation agent for 4 h,
and then tends to be stable. The viscosity of polymer solution with
conventional strong oxidizing agents (1% hydrogen peroxide and
1% ammonium persulfate) highly dropped with time increasing,
and the reduction rate were 93.08%, 88.65% respectively. However,
the addition of 5%HCl+1%SA-GD made the viscosity of polymer
solution greatly reduced to 3.01 mPa s, the viscosity reduction rate
was highest and reached to 99%. Compared with the conventional
strong oxidizing agents, 5%HCl+1%SA-GD can significantly reduce
the viscosity of polymer and enhance polymer degradation.

(2) The test results of GPC

Gel permeation chromatography (GPC) test data are shown
in Table 4. Number-average molecular weight, weight-average

Table 4
The test data of GPC after degradation.

Agentia Mn, Mw, Mz, Mz+1, Polymolecularity
Dalton Dalton Dalton Dalton

Distilled water 1798 1936 2106 2304 1.076548
5%HCl+1%SA-GD 1379 1382 1385 1389  1.002385
1%Hydrogen peroxide 1397 1398 1406 1409  1.008459
1%Ammonium persulfate 1408 1416 1422 1425 1.010034

*Remarks: Mn is the number-average molecular weight, reflects the tensile strength
and impact resistance of polymer; Mw is the weight-average molecular weight,
reflects the brittleness of polymer; Mz is the viscosity-average molecular weight,
reflects the elasticity and hardness of polymer.

Function

Table 3
The displacement sequence of core flow experimental.
Sequence Liquid type Liquid formulation
1 Base fluid 3%NH4CI
2 Polymer solution 2000 mg/L AP-P4 solution
3 Cleaning agent 5%HCl+10%SA-YS
4 Degradation agent 5%HCl+1%SA-GD
5 Acid liquid 8%HCI+3%SA601 + 3%SA701
6 Base fluid 3%NH4Cl

Measure the permeability of core

Damage the core

Dissolve the oil sludge, peel the clay particles on the surface, remove organic damage

Degrade the polymer and blockage, dredge pore roar road

Dissolve inorganic scale, clay and silt

Measure the permeability of core
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Fig. 3. The curves of polymer degradation.

molecular weight and viscosity-average molecular weight of
polymer are significantly reduced after degradation, which in-
dicates that both of the hardness, elasticity of polymer solution are
declined. The molecular weight of the polymer chain breaks down
and the molecular weight decreases obviously. Compared with
traditional strong oxidizing agents, 5%HCI+1%SA-GD is more
effective in degrading polymer, the polymolecularity of the solution
is only 1.002385 after degrading, which showed that the molecular
weight distribution of the solution was more uniform.

(3) Microstructure change of polymer

The polymer's microstructure before and after reaction are
shown in Fig. 4 and Fig. 5. It can be seen from the analysis of freeze
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etched microscope that the AP-P4 polymer in the solution formed a
clear network structure due to the penetration and entanglement
between the segments, and the network structure of the mesh is of
different shapes and very irregulars. With the addition of the
degradation agent, the characteristics of the network structure of
the polymer are disrupted. The polymer chain is broken down, and
part of fracture is condensed into a group, the molecular chain of
polymer is scattered. The viscosity of the polymer solution have
been greatly decreased from the macroscopic point of view, which
indicates that the degradation agent have a significant effect on the
polymer.

4.2. Experiment of blockage degradation

The degradation effects of the traditional oxidative degradation
agents and the new agent on blockage were carried out. As shown
in Fig. 6, traditional strong oxidizing agents have no effect on
degradation of blockage. However, adding the new agent (5%
HCl+1%SA-GD) and reacting for 8 h under the temperature of
60 °C, blockage begins to swell, and part of the oil floats on the
surface of solution. Reacting for 12 h, the blockage was completely
degraded, and there were no obvious solid substance can be
observed in the solution. The blockage is dispersed into small
filaments, suspending (or sinking) in solution, with great degra-
dation effect.

4.3. Experiment of static corrosion

The experimental data are shown in Table 5. After adding
corrosion inhibitor, the corrosion of steel disc can be relieved by the
components of the blocking remover, especially degradation agent.
After adding different corrosion inhibitor respectively into the
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Fig. 5. Microstructure of polymer after reaction (2000 x , 5000 x , 10000 x ).
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(c) Degradation result of 5% HCI+1%SA-GD

Fig. 6. Blockage degradation results.

cleaning agent, acid system degradation agent, the corrosion rate of 4.4. Experiment of core flooding

steel disc were dramatically decreased, which is in line with field

application standards. As shown in Fig. 7 and Fig. 8, the core permeability ratio
decreased significantly after injection of polymer solution, and the

Table 5
The experimental data of corrosion by blocking remover.
Acid type Type and dosage of Original weight Weight after Corrosion rate, g/(m?-h)
corrosion inhibitor of steel, g corroding, g
5%HCl+ - 10.7159 10.6828 6.9577
10%SA-YS 1%SA1-3 11.2625 11.2560 1.3545
5%HCl — 10.9903 10.8592 20.4228
1%SA1-3 10.8717 10.8687 0.5515
1%SA-GD — 10.9961 10.9019 17.3162
0.45%FH 11.2404 11.2372 0.5882
8%HCI+3%SA601 - 11.0514 11.0107 7.3922

+3%SA701 1%SA1-3 10.7159 10.7109 0.9300
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permeability damage rate of two core are 71.3% and 73.7%,
respectively. Aging treatment of two core after damaged for 24 h,
the blockage remover was injected successively. The core perme-
ability ratios are significantly increased and permeability recovery
rate are 85.1% and 97.3%, respectively. It should be noted that, the
blockage remover has a more obvious effect on breaking the
blockages with the increase of blockages content.

5. Field application
5.1. Stimulation design

The blockage remover has been successfully applied to an
offshore well in a typical heavy oil reservoir of LD10-1 oilfield,
which with the vertical thickness of 51.9 m and depth 1623.45 m.
This well was put into injection in March 2010 with the initial daily
fluid 230 m%/d, the daily polymer injection was 46.9 m3/d before
stimulation (see Table 6). There were a large number of polymer
blockage on the tool string during pump inspection, which caused
the damage of near wellbore.

In order to ensure the effect of stimulation treatment, achieving
deep plugging removing, and facilitating the recovery of liquid after
acidizing, alternating injection of gas and liquid technology is

designed. The injection process is divided into two stages. Firstly,
injecting the cleaning agent and degradation agent to remove the
polymer damage around well and formation caused by organic
matter. And then, pumping the acid system to dissolve the inor-
ganic scale and clay mineral in the reservoir.

5.2. Effect evaluation

The stimulation curves of the typical well are shown in Fig. 9 and
Fig. 10. In the first stage of plugging operation, alternately injecting
the cleaning agent, degradation agent and liquid nitrogen, after a
period of reaction, pump pressure of liquid remains stable in the
11.5 MPa, with the progress of injection, the injection rate increases
from 1bbl/min to 2.59bbl/min, which shows that cleaning agent
and degradation agent can effectively remove organic matter and
polymer damage. In the second stage of plugging operation, the
injection pressure decreased from 12 MPa to 3 MPa with the in-
jection rate increased from 2.01bbl/min to 5.19bbl/min after
reacting for a period time, which indicates that the treatment liquid
can effectively dissolve inorganic scale dispersed from polymer and
clay minerals.

According to the production data after stimulation, the daily
polymer injection increased from 80 m® to 187 m>. The injection
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Table 6
Field test pump program for the typical well.
NO. Stage content Pump pressure, Injection volume, function
Psi bbls
1 Injection diesel <1450 62.9 Remove organic clogging, maintain the water wetting of formation
2 Injection cleaning agent <1740 188.7 Remove organic clogging, dispersed blockage
3 Injection degradation agent <1740 3774 Degradation blockage
4 Injection liquid nitrogen <2030 3145 Enlarge the volume and increase the energy of reservoir
5 Injection cleaning agent <1740 62.9 Remove organic clogging, dispersed blockage
6 Injection degradation agent <1740 62.9 Degradation blockage
7 Injection fresh water <1740 62.9 Isolate liquids
Shutting well for 12 h
8 Injection cleaning agent <1740 125.8 Remove organic clogging, dispersed blockage
9 Injection degradation agent <1740 125.8 Degradation blockage
10 Injection fresh water <1740 62.9 Isolate liquids
Shutting well for 6 h
11 Injection preflush <1740 188.7 Dissolve inorganic constituents
12 Injection treatment solution <1740 188.7 Relieve the damage of deep reservoir, dissolve the clay and silt
13 Injection overflush fluid <1740 94.35 Maintain a low PH to prevent the secondary precipitate
14 Injection fresh water <1740 50.32 Displacement of fluid in wellbore
3000 T T T 1 1 . D| r'da{ion T - L T L 6.00
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situation of well improved significantly, which further shows that
the blockage remover has achieved great plugging removal effect.

6. Conclusions

In this paper, the authors have developed a new kind of blockage
remover aiming at plugging removal issues of polymer injection
wells in offshore oilfield. Laboratory studies show that this
blockage remover agent can effectively degrade the polymer mol-
ecules and highly dissolve the blockage, the viscosity reduction rate
of polymer solution is up to 97%. Characterized by lower corrosion
rate, it is beneficial to long-term production of polymer injection
wells in offshore oilfield. Meanwhile, core flooding tests indicate
that the agent can relieve the damage of polymer, and the
permeability recovery rates are 85.1% and 97.3%. After the field
application, the daily polymer injection increased from 80 m> to
187 m3, which shows a good application effect.
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