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Abstract: Located in the Kuqa foreland basin, Tarim Basin, the Xinkeshen gas field is a rare ultra-deep
and ultra-high-pressure fractured tight sandstone gas reservoir. During the development process, the
fluid in the well migrates from the bottom hole to the ground. Due to the huge temperature drop and
pressure drop in the wellbore, salting-out and scale-out occur in the well to destroy the oil and gas
flow channel, resulting in a decrease in gas production in the well and seriously affecting the normal
production of the oil field. Aiming at the problem of wellbore scaling and blockage in the Keshen
gas field, this paper takes the wellbore of the Keshen block as the research object. After analyzing
the composition of produced water and scale in the wellbore, the solution of ‘fixing scale, clarifying
mechanism, early prediction, and fine treatment’ is formulated, and the analysis and evaluation
technology of the scale formation process and the prediction model of the gas well model are formed.
The wellbore blockage in Keshen block is composed of iron oxide, calcium carbonate crystal, calcite
crystal, and wellbore steel falling off due to electrochemical corrosion. It is indicated that the scale
attached to the steel sheet causes electrochemical corrosion of the steel sheet, resulting in ‘hydrogen
embrittlement’, resulting in the bubbling and falling off of the wellbore steel. Through simulation, it
is found that the amount of fouling increases with the increase in wellbore depth, and the amount
of fouling is 1.97 kg/d at 6800 m, which is in good agreement with the actual situation. Based on
the temperature and pressure curves in the wellbore, the simulation results show that the corrosion
rate reaches the highest value of 6.37 mm/yr at the depth of 3400 m. Because of the above problems,
a polyaspartic acid scale inhibitor with a scale inhibition rate of 98.9% for wells in Keshen block
was synthesized. It has important guidance and reference significance for the accurate treatment of
scaling problems in the Keshen gas well.

Keywords: gram depth; scaling; corrosion; prediction; scale inhibitor

1. Introduction

The Keshen gas field is a rare ultra-deep, ultra-high-pressure fractured dense sand-
stone gas reservoir [1], and the development of fractures in the reservoir is an important
factor in maintaining high production rates in the Keshen gas field [2–5]. When the for-
mation water is transported along the fractures to the rock matrix, the flow rate of the
formation water decreases and the formation water is retained in the fractures of the matrix
as stagnant water [6,7]. Stagnant water has good dissolution properties during transport in
the rock matrix, and complex water–rock reactions are constantly occurring in contact with
the surrounding rock [8]. As the sandstone formation loosens, the cohesion within the rock
body is weakened by the water generated by the bed water and side water, resulting in
enhanced in situ sand production [9] and promoting scaling and blockage in the wellbore.
In the Keshen gas field [10], as the stagnant water travels from the pores in the rock to the
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wellbore, the tiny sand particles it carries attach to the wellbore tubing, providing a nucleus
for the ionic precipitation in the formation water to heterogeneously nucleate [11,12]. In
addition, due to the large temperature and pressure gradients in the stagnant water from
the reservoir to the wellbore, the HCO3

− in the stagnant water will convert to CO3
2− and

generate CaCO3 precipitation, which can lead to further scaling in the wellbore [13,14]. At
the same time, the inorganic salt scale and stagnant water can also form a concentrated
potential with the wellbore steel, and wellbore corrosion can occur [15].

Previous studies of scaling corrosion have been derived from field observations and
indoor physical simulation experiments [16–20]. M. Zahedzadeh [16] sampled and ana-
lyzed produced water from an oil field in Iran every three months to track changes in its
composition. Vazirian [12] found that the rate of steel surface fouling was mainly con-
trolled by the ‘deposition process’ rather than the ‘adhesion process’. However, due to
the complexity of field conditions and the long lead time of the experiments, there are
certain lags and limitations in the physical simulations. Numerical simulation methods
are widely used as an effective technique for reservoir condition evaluation and prediction.
With the combination of field data and indoor physical simulation experiments and the
reasonable setting of simulation parameters, the problems of variable conditions and large
time scales can be better overcome to compensate for the shortcomings of field observations
and indoor experiments and to predict the future conditions of the production site. The
main methods commonly used in oil and gas fields to solve wellbore scale plugging include
physical and chemical methods. The working conditions influencing the physical methods
have complex maintenance procedures, and high costs, and do not completely solve the
scale plugging problem. Liu [21] synthesized a polyaspartic acid (PASP) scale inhibitor
using maleic anhydride and ammonium carbonate as raw materials and demonstrated
that 5 mg/L PASP inhibited calcium carbonate and calcium sulfate by 95% and 90%, re-
spectively. Polyaspartic acid is green, non-polluting, does not contaminate water, and is
biodegradable. At the same time, PASP also has an anti-corrosive effect. Cui [22] found that
the electrochemical impedance spectrum increased with increasing PASP concentration,
with the highest inhibition rate of 80.33% at 108 ◦C [23].

During the transport of scale from the bottom of the well to the surface, the scale
produced at depth must be in the innermost core of the scale. In this paper, we targeted the
Keshen well and carried out layer-by-layer dissection of the wellbore blockage to obtain
information on the composition of each layer in the transport from the bottom of the well
to the surface, to infer the formation process of scale. In addition, high-temperature and
high-pressure physical simulation experiments were carried out on Keshen block bore steel
(N80) to reveal the blocking mechanism of Keshen block by comparing the microscopic
morphology and ion concentration changes of the solution at different reaction times,
combined with the results of scale profiling. Based on the above data, a wellbore scaling
and corrosion rate prediction model was established to predict the location of wellbore
scaling, the amount of scaling, and the corrosion rate, to guide the oilfield to carry out
accurate protection of the wellbore. Finally, a green and runny poly aspartic acid (PASP)-
based scale inhibitor was synthesized, and its scale inhibition performance was evaluated
to provide the oilfield with wellbore agents to solve wellbore blockage.

2. Experimental Materials and Methods
2.1. Materials

Sodium chloride, magnesium chloride, potassium chloride, calcium chloride anhy-
drous, barium chloride anhydrous, strontium chloride hexahydrate, potassium sulfate,
sodium bicarbonate, ammonium carbonate, maleic anhydride, N, N-dimethylformamide,
potassium hydroxide, sodium hydroxide, potassium persulphate, calcium-carboxylic acid
indicator, disodium EDTA standard titration solution (0.01 M), sodium borate tetradec-
ahydrate, bromomethyl green, methyl red, and carbon dioxide (Beijing Jinggao Ltd., Bei-
jing, China).



Processes 2024, 12, 782 3 of 12

2.2. Experimental Apparatus

B11-600 thermostatic oven (Tianjin Zhonghuan Experimental Electric Furnace Co., Ltd.,
Tianjin, China), Quanta 200F field emission environmental scanning electron microscope
(Thermo Fisher Scientific, Waltham, MA, USA), ICP-OES inductively coupled plasma
emission spectrometer (Thermo Fisher Scientific), analytical balance (Xiang Yi Balance
Factory, Xiangtan, China).

2.3. Experimental Method to Simulate the Mechanism

Based on a clear wellbore scale, high temperature and high-pressure physical simu-
lation experiments were conducted on the N80 steel sheet to investigate the relationship
between surface fouling and corrosion of the N80 steel sheet, and the experimental steps
were as follows.

(1) We chose grams of deep block bore from the same N80 steel sheet as for hanging
experiments; the experimental device is shown in Figure 1. The N80 steel sheet
elemental composition is shown in Table 1. The steel piece was immersed in petroleum
ether for 3 h to dissolve the grease protecting the surface of the N80 steel sheet. After
drying the surface with filter paper, the N80 steel piece was washed with anhydrous
ethanol to remove the grease and water stains adhering to the surface of the piece.
We weighed the test piece with an electronic balance of one-thousandth accuracy and
record as m0.
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Table 1. Chemical composition of N80 material (mass fraction/wt%).

Element C Si P S Cr Ni Mn Mo Cu

Content 0.45 0.32 0.014 0.013 0.03 0.04 1.70 0.20 0.03

(2) The ionic concentration of the simulated water is shown in Table 2. We placed the
dried N80 steel sheet into the reaction kettle and added 50 mL of simulated water to
the kettle. We placed the treated N80 steel sheet into the experimental reactor, added
50 mL of simulated water, and screwed it down. We opened reactor valve 2, valve 3,
and valve 4, opened the CO2 gas cylinder (pay attention to the buffer tank pressure),
slowly opened valve 1, and passed in the CO2 gas. After the air in the reactor had
been exhausted, we closed valve 2 of the reactor and continued to pass in CO2 gas
from valve 1. When the pressure in the reactor reached the experimental pressure,
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we closed valve 2 and finished pressurizing the reactor. The pressurized reactor was
placed in a thermostat for one week, two weeks, four weeks, and eight weeks. After
completion of the reaction, the N80 steel sheet was removed, cleaned and dried, and
weighed, and recorded as m1, m2, m3, and m4.

Table 2. Ion composition of well block gram depth (mg/L).

Ionic Ca2+ K+ Mg2+ Na+ Sr2+ Ba2+ Fe2+ Cl− SO42− HCO3−

Concentration 3340.01 5660.12 1.76 60,330.93 113.11 8.12 0 104,921.12 360.87 98.21

(3) We performed a surface micromorphology analysis of the dried N80 steel sheet using
SEM and ion concentration analysis of the reaction solution using ion chromatography.

2.4. Wellbore Fouling and Corrosion Trend Predictions

The Keshen block is complex and the numerical simulation method is a good remedy
to the difficulty of simulating the scaling and corrosion in the various sections of the well
due to the physical simulation experiments. ScaleChem stores the Ksp of all the solids
used in the chemical model. The predictive simulation inputs the data provided by the
Keshen site, such as the composition of the produced water in the well (Table 2) and the
temperature and pressure profile in the wellbore (Table 3), and combines the results of the
analysis of the scale samples in the wellbore to determine the composition of the scale in
the wellbore. The results of the analysis of the scale samples in the wellbore are combined
to determine the composition of the scale material in the wellbore and hence the prediction
of in-well scaling. The fouling trend is defined as the ratio of the activity product (Q) of
the equilibrium equation to the solubility product (Ksp) of the same equation. When the
Q/Ksp ratio is greater than 1, there is a tendency for precipitation to form. When the ratio
is less than 1, there is little tendency for precipitation to form.

Table 3. Correspondence between depth and temperature and pressure in Keshen blocks.

Depth/m Temperature/◦C Pressure/KPa

0 10 2000
680 21.5 3100

1360 33 4200
2040 44.5 5300
2720 56 6400
3400 67.5 7500
4080 79 8600
4760 90.5 9700
5440 102 10,800
6120 113.5 11,900
6800 125 13,000

OLI-Corrosion Analyzer software (https://www.olisystems.com/software/oli-studio/
oli-studio-corrosion-analyzer/, accessed on 23 May 2021) was selected for the prediction
of wellbore corrosion patterns. N80 steel (refer to Table 1 for the elemental composition
of N80) was selected as the wellbore material for the Keshen block. The simulations were
further investigated to predict the corrosion rate of steel in the wellbore at different depths
by combining factors such as flow rate, well depth (temperature and pressure), pH, and
partial pressure of CO2 in natural gas.

2.5. Synthesis and Testing of Scale Inhibitors

The experiment was carried out using maleic anhydride and ammonium carbonate
as raw materials. In total, 23.1 g of ammonium carbonate was first added to a three-
necked round-bottom flask, which was firstly heated to decompose the ammonium car-
bonate to produce an ammonia source, after which 19.6 g of maleic anhydride and N,

https://www.olisystems.com/software/oli-studio/oli-studio-corrosion-analyzer/
https://www.olisystems.com/software/oli-studio/oli-studio-corrosion-analyzer/
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N-dimethylformamide (DMF) were added and poured into the three-necked round-bottom
flask. After heating to 220 ◦C and stirring for 5 h, the reaction solution was poured into a
beaker and approximately 300 mL of anhydrous ethanol was added, at which point the
solution became cloudy. The solution with anhydrous ethanol was poured into a centrifuge
tube and centrifuged at 6000 r/min. After 5 min, the tube was removed, the top layer
of liquid was poured off, and the precipitate formed at the bottom of the tube was poly
succinimide (PSI). Separately we weighed 0.50 g of polysuccinimide (PSI) and 1.38 g of G
reagent. We added 0.50 g of poly succinimide and 1.38 g of G reagent to a three-necked
round-bottom flask containing 40 mL of ionized water and heat in a water bath at 60 ◦C for
14 h to obtain the G-PASP scale inhibitor.

2.6. Scale Inhibitor Scale Inhibition Performance Test

The scale inhibition performance of the scale inhibitor was tested according to GB/T
16632-2019 [24]. In total, 25 mL grams of well block formation water and scale inhibitor
G-PASP were mixed uniformly and sealed in clean ampoules and reacted in a water bath at
80 ◦C for 6–14 h. At the end of the reaction, the resulting mixture was collected and cooled
to room temperature. The concentration of Ca2+ in the solution was measured using the
ethylenediaminetetraacetic acid (EDTA) titration method.

3. Results and Discussion
3.1. Analysis of Wellbore Scale Composition

Determining the structure and composition of the wellbore scale is fundamental to the
study of wellbore obstruction. Figure 2 shows SEM and EDS images of the wellbore minerals.
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As shown in the left panel of Figure 2, the blockage can be observed to consist of
a stack of white, black, and red material. Through the red square region is analyzed by
energy spectrum scanning, it can be obtained that the absorption peaks of elements such as
C, O, Fe, and Ca are observed in the energy spectrum of the surface red blockage, which
can be determined to have iron oxides and calcium carbonate crystals. The crystals are
mutually encapsulated, and it is tentatively judged that scaling and corrosion are occurring
simultaneously. The electron microscope photograph of the white blockage can observe
flake, strip crystals, and granular accumulation, there are absorption peaks of Ca, Mg, C,
and O elements in the energy spectrum, and preliminary judgment of square scaly crystals
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are dolomite and calcite crystals. The bottom black blockage carbon and iron elements’
content are high after analysis and scaling is considered to be caused by electrochemical
corrosion from the original pipe off the steel. In summary, the scale in the wellbore is
mainly composed of calcite, dolomite, and oxides of the steel of the wellbore.

3.2. Study of Wellbore Fouling and Corrosion Patterns in Blocks in Keshen

Based on the results obtained for the composition of the wellbore obstruction, physical
simulation experiments were carried out to investigate the relationship between surface
fouling and corrosion of N80 steel sheets.

After one week of reaction, there was a large amount of scale deposited on the N80
steel sheet (Figure 3). Electron micrographs from the second week show that the metal
matrix has flaked off the surface of the steel sheet. The fourth week’s electron microscopy
shows that the spalled metal matrix had been filled in with scale and a crack can be found
on the steel sheet, indicating that sub-scale corrosion has occurred. After eight weeks of
reaction, a large area of blistering occurs on the surface of the N80 steel sheet, indicating that
severe electrochemical corrosion has occurred on the surface of the N80 steel sheet. From
the first week to the fourth week of the reaction, the corrosion rate of the N80 steel sheet
was equal, approximately 1.23 mm/yr. When the reaction proceeded to the eighth week,
the corrosion rate of the N80 steel sheet suddenly increased to 1.59 mm/yr. Combined
with the SEM diagram and the solution ion concentration table, it can be seen that the
surface of the N80 steel sheet showed the phenomenon of hydrogen embrittlement bulging
in the eighth week, which proves that electrochemical corrosion occurred, resulting in an
accelerated corrosion rate.
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Figure 3. SEM diagram and corrosion rate diagram of N80 steel sheet before and after reaction. 
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The formation process of the wellbore scale is shown in Figure 4, where the square
flake crystals are calcite crystals, the granular accumulation is rock particles and the striped
crystals are dolomite crystals. Figure 4a represents the original shape of the N80 steel sheet.
The original nuclei in the wellbore are generated due to the temperature and pressure and
changes in the wellbore on the one hand; on the other hand, during the flow of fluid through
the reservoir to the wellbore, the fluid will carry the tiny nuclei in the reservoir to drift and
flow, thus forming original deposits on the surface of the N80 steel sheet. Thereafter, the
sediment attached to the surface of the N80 steel sheet starts to grow (Figure 4d), and other
scales use this as an “anchor point” to grow and eventually become a bulk accumulation of
scale. Afterward, the scale and the N80 steel sheet react with water at high temperatures in
an electrochemical reaction (Figure 4f), resulting in the formation of hydrogen atoms. The
hydrogen atoms diffuse into the metal and combine to form hydrogen molecules. As the
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hydrogen molecules are difficult to diffuse inside the metal, the concentration and pressure
of H2 inside the metal rise, causing the metal to expand and deform locally, resulting in
a stress concentration that exceeds the strength limit of the steel and destroys the lattice
structure of the metal matrix on the original pipe, which causes the metal matrix structure to
collapse and the layer of material to fall off from the well wall or pipe steel. The dislodged
scale samples intermingle to form multiple layers of scale. (Figure 4g) The diagram shows
that the iron atoms or ferrous ions on the surface oxidize to a reddish-brown color as the
scale is transported to the surface. The (Figure 4h) diagram shows that after the scale has
been removed from its original position, the scale continues to grow in the depression, and
wellbore scaling and corrosion continue to occur.
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                 Reaction Time Blank One Week Two Weeks Four Weeks Eight Weeks 

Figure 4. Schematic diagram of the wellbore scale formation process. (a) The original shape of the
N80 steel sheet. (b) Rock particl is attached. (c) Dolomitel is attached. (d) Sediment growth (e) Scale
inhibition growth. (f) Electrochemical reaction. (g) The dislodged scale samples intermingle to form
multiple layers of scale. (h) after the scale has been removed from its original position, the scale
continues to grow in the depression, and wellbore scaling and corrosion continue to occur.

3.3. Changes in Ion Concentrations in Simulated Aqueous Solutions

As can be seen from Table 4, calcium ions were generated in the solution, and the
ions showed a decreasing trend with an increasing reaction time, and the calcium ion
concentration decreased by 1038 mg/L after two months of reaction. The ferrous ions
generated in the solution due to corrosion showed a rising trend first, and the ferrous ion
concentration jumped from 0.22 mg/L to 45.79 mg/L during the period from the fourth
week to the eighth week, combined with SEM plots to speculate about the N80 surface.

Table 4. The ionic concentration of aqueous solution before and after corrosion experiments on N80
steel sheet (unit: mg/L).

Ion Name

Reaction Time
Blank One Week Two Weeks Four Weeks Eight Weeks

Ca2+ 3340.00 3187 3152 2940.00 2302.00
K+ 5660 5586 5493 5310 3968

Mg2+ 1.76 1.73 1.7 1.68 1.36
Na+ 60,330 59,510 58,460 56,870 4168
Sr2+ 113 108 106 110 103
Ba2+ 8.1 7.7 7.6 7.6 6.9
Fe2+ 0 0.13 0.19 0.22 45.79
Cl− 104,921 103,476 102,634 100,608 99,173.08

SO4
2− 360.87 321.5 286.32 224.42 183.24

HCO3
− 98.21 95.724 93.106 92.598 90.361
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3.4. Gram Deep Wellbore Fouling Prediction

(1) Wellbore fouling prediction results

Combined with the field production data, the gas component of the extracted gas was
set concerning Table 5. Light hydrocarbon component analysis was performed and testing
was reported, and the flow rate was set to 155 km3/d.

Table 5. Composition of natural gas components.

Gas Name N2 CO2 C1 C2 C3 iC4 nC4 iC5 nC5

Percentage % 3.546 2.567 93.177 0.683 0.019 0.002 0.004 0.001 0.001

Combined with the results of the wellbore obstruction analysis, the generation of
calcium carbonate, barium sulphate, and strontium carbonate and the location of this
generation are predicted in this section, and the predicted results of the Keshen blockbore
are shown in Figure 5.
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well depth.

As shown in Figure 5a, the amount of scale generation increases with the depth of
the wellbore. From the surface to 2000 m depth, very little was generated in the wellbore,
and the amount of wellbore scale increased sharply from 2000 m to 5000 m depth, and the
increase in the amount of scale in the wellbore slowed down when the depth exceeded
5000 m, to 1.97 kg/d at 6800 m. As shown in Figure 5b, the amount of calcium carbonate and
barium sulfate precipitation increased with depth from 2000 m to 6800 m depth. Strontium
sulfate precipitation does not occur until the depth exceeds 6120 m.

The relationship between the scaling trend of each substance and the well depth in the
well Keshen block is shown in Figure 6. As can be seen from Figure 6, when the good depth
is less than 6000 m, the scaling trends of strontium carbonate, strontium sulfate, and barium
carbonate are less than 1, and calcium sulfate, sodium chloride, calcium carbonate, and
barium sulfate precipitation are greater than 1. Therefore, strontium carbonate, strontium
sulfate, and barium carbonate precipitation will not be generated in the wellbore, but
calcium sulfate, sodium chloride, calcium carbonate, and barium sulfate precipitation will
be generated, and among these substances calcium carbonate’s precipitation generation
trend is the largest. The reason for this is that the activity product (Q) of calcium carbonate
far exceeds the solubility product (Ksp) at this working condition, resulting in extensive
scaling in the wellbore. The tendency for calcium carbonate and barium sulfate fouling
increases with depth, so the amount of calcium carbonate and barium sulfate precipitation
also increases with depth.
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Calcium carbonate is mostly generated in boreholes deeper than 2000 m. As depth
increases, the tendency for calcium carbonate scaling increases, with a mixture of calcium
sulfate, sodium chloride, and barium sulfate scaling at depths of 1000–2000 m. Scaling
hardly occurs in boreholes above 1000 m. The scaling tendency does not equate to the
generation of major scales (e.g., barium sulfate) because of the low ionic concentration of
some substances resulting in low-scale generation.

(2) Wellbore corrosion rate prediction

The temperature and pressure at the bottom of the Keshen block are high, and the
temperature gradient and pressure gradient in the well vary greatly, so it is difficult for
the physical simulation experiment to simulate the corrosion damage of the Keshen block.
Therefore, the corrosion prediction of the Keshen block was performed using OLI-Corrosion
Analyzer software, and the effect of the corrosion rate of the temperature flow rate N80 test
piece was investigated. The simulation used the reduced formation water ion concentration
of Keshen block as the simulation environment, and the simulation was set at 133 ◦C,
125 MPa pressure, and 2.567% CO2 content.

The simulation used the reduced formation water ion concentration of Keshen block
as the simulated environment, with 2.567% CO2. From Figure 7, it can be seen, with the
increase in good depth, and the corrosion rate of N80, with the increase in temperature
steel pieces will all decrease. The reason for this phenomenon is that when the pressure
is the same, as the temperature increases, the electrochemical corrosion reaction of the
specimen accelerates, resulting in the rapid dissolution of the metal ions in the specimen,
but when the temperature increases to a certain level, the solubility of its corrosion product
FeCO3 decreases with increasing temperature, which leads to a corrosion product film
adhering to the metal surface, thus protecting the metal specimen. Figure 6 shows that
the borehole corrosion rate increases with depth and then decreases, reaching a maximum
value of 6.37 mm/yr at a depth of 3400 m (67.5 ◦C, 7500 KPa).
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3.5. Scale Inhibitor Performance Evaluation

The scale inhibition efficiency of the G-PASP scale inhibitor is shown in Figure 8a;
in the simulated water of Keshen block formation, the scale inhibitor showed a fast and
then slow trend with the increase in solution concentration. The scale inhibition rate of
G-PASP was 90.74% for 70 mg/L scale inhibitor and 98.15% for 90 mg/L scale inhibitor,
respectively; as shown in Figure 8b, the scale inhibition rate of G-PASP scale inhibitor
decreased continuously with the increase in heating time, and the scale inhibition rate of
90 mg/L G-PASP scale inhibitor was as high as 100.00% at 6 h of heating, and by 14 h, the
scale inhibition rate of 90 mg/L G-PASP scale inhibitor reached 100.00%. L of the G-PASP
scale inhibitor was 90.74% by 14 h.
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When poly aspartic acid scale inhibitors are not added, the scale is superimposed in
sharp scale-like crystals, the scale crystals have a tight structure and are large (Figure 9a).
After the addition of polyaspartic acid scale inhibitor, the scale crystals formed, the periph-
eral scale angles become smooth, and the scale crystals become irregular, no longer sharp
scale-like superimposed crystals. After the addition of polyaspartic acid scale inhibitor, the
scale crystals are deformed and dispersed, the scale structure is loose (Figure 9b). After the
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addition of polyaspartic acid scale inhibitor, Ca2+ will collide with CO3
2− in the ground

simulated water due to the action of polyaspartic acid scale inhibitor, resulting in the defor-
mation and dispersion of the generated crystal structure, and lattice distortion, resulting in
the loosening of the scale structure and the generation of spherical chalcocite, thus playing
the role of scale inhibition.
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Figure 9. (a) SEM image of scale after heating of simulated water; (b) SEM image of scale after heating
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4. Conclusions

In this paper, SEM and EDS were used to find that the scale in the Keshen block
consisted of iron oxides, calcium carbonate crystals, calcite crystals, and wellbore steel that
had been dislodged due to electrochemical corrosion. Based on this, hanging experiments
were conducted to observe the microscopic morphological changes of the wellbore steel
at different times, inferring the formation process of the wellbore scale and revealing the
root cause of the wellbore scale formation. The simulation results show that the amount of
scale formation increases with the depth of the wellbore, with 1.97 kg/d of scale formation
at 6800 m. The highest wellbore corrosion rate of 6.37 mm/yr was achieved at a depth
of 3400 m. The predicted results are highly consistent with the actual field conditions,
proving that the method is effective and accurate. The prediction results were highly
consistent with the actual field conditions, proving that the method is an effective and
accurate prediction method. Finally, the G-PASP scale inhibitor was synthesized. When the
scale inhibitor concentration was 90 mg/L, the scale inhibition rate could reach 98.15%, and
the experiment showed that this agent is an effective agent in preventing scale in Keshen
gas wells.
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