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With the development of high-pressure and high-temperature condensate gas wells, the wellbore blockage problems have become
increasingly serious. Hence, selecting appropriate treatment technology plays a crucial role in solving the wellbore blockage
problems. This study presents a comprehensive literature review on understanding the blockage type, mechanism, and
treatment of the high-temperature and high-pressure condensate gas wells. The causes, endangerments, mechanisms,
influences, and preventive technologies of the 4 wellbore blockage types are presented. The significant aspects of the treatment
technology, such as the principle, type, advantage and disadvantage, adaptability, limitation, and future research direction of
the treatment technologies, are thoroughly discussed. The breakthrough solid autogenetic heat treatment technology has been
selected to remove hydrate blockage. The present review highlights the current state in the industry, future position, and
strategies for the researchers to follow. Finally, the advantages and disadvantages and future research directions of specific

treatment technology are presented on the removing effect, cost, and environmental aspects.

1. Introduction

With the industrial activities and scientific and technological
advancements worldwide, the energy demand is increasing
continuously. It is projected that the energy consumption
in non-OECD countries increases almost 70% between
2018 and 2050 in contrast to a 15% increase in OECD coun-
tries of which the industrial sector will be the largest con-
sumer, followed by the transportation section. It is also
forecasted that dry natural gas, crude oil, and lease conden-
sate will dominate energy production until 2050. Therefore,
the exploration and development activities to pursue oil and
gas will continue to rise in the coming years. Today’s world
is observing a depletion stage of oil rate production in oil-
producing regions [1, 2]. The petroleum industry faces many
challenges in producing oil and gas, and conventional tech-
niques may not fulfill the growing demand for oil and gas
resources [3, 4]. Ensuring the growing demand for oil and

gas resources will be a major challenge in the forthcoming
decades [5-12]. So, developing the condensate oil and gas
resource is also an urgent task.

Usually, the occupancy of condensate gas dominates in
deep (>4572m) and ultradeep (>7620m) reservoirs. The
potential production of condensate gas from these deep and
ultradeep reservoirs is considerably higher than the shallow
pools. So, developing condensate gas resources is necessary
to fulfill the energy demand. And the condensate gas reser-
voirs are mainly located in the deep and the ultradeep layer,
with high-temperature and high-pressure conditions. The
wellhead pressure of the deep layer condensate gas wells is
generally greater than 70 MPa, and the bottom-hole pressure
is generally greater than 105 MPa. For ultrahigh-temperature
and ultrahigh-pressure condensate gas wells, the wellhead
temperature is greater than 150°C, the wellhead pressure is
greater than 105 MPa, the bottom-hole pressure is greater than
140 MPa, and the bottom-hole temperature is greater than
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175°C. So, there are an increasing number of risks and prob-
lems that will happen, which will increase production costs
and pose certain risks to staff.

The common wellbore blockage types are sand blockage,
scale blockage, hydrate blockage, and wax blockage. This
paper mainly reviews the wellbore blockage problems of
condensate gas wells under high temperature and high pres-
sure. Start from the blockage type, mechanism, and treat-
ment measures, solving wellbore blockage, restoring gas
well productivity, and reducing production costs. And there
are 7 best commercial software that can be used to predict
the above 4 kinds of blockage problems in the condensate
gas wellbores, such as Sandctrl, Sand3D, Scale Chem, Aspen
hysys, Pipesim, OLGA, and SPS. Usually, the sand blockage
is the rarest problem, and the main reason for it is that the
formation sand moves and accumulates in the wellbore. This
will result in forced shutdown and maintenance [13-15].
Compared with sand blockage, the wax blockage is more
common. Because the condensate gas belongs to the retro-
grade condensation phenomenon of condensate oil under
high-pressure and high-temperature conditions, its essence
is similar to conventional crude oil, which contains a large
number of hydrocarbon substances [16]. With the reduction
of temperature and pressure, wax components will crystallize
and precipitate under the action of molecular diffusion and
shear dispersion. And accumulate and deposit on the inner
wall of the wellbore, which brings difficulties to production
operation and hinders the normal production of condensate
gas wells. Similarly, the wellbore of condensate gas wells with
formation water production will have the risk of scaling and
blockage in the wellbore. This is mainly due to the partial
pressure of CO,, which leads to a large number of carbonate
ion generation combining with Ca** and Mg** in the well-
bore, and accumulates and deposits in the inner wall of the
wellbore. The hydrate blockage problem usually occurs at
the wellhead. Moreover, in the high-pressure and low-
temperature environment, if there is throttling or turbulent
disturbance, it will be easier to generate hydrate blockage.

These are the four common blockage problems in the
wellbore of high-temperature and high-pressure condensate
gas wells, but in some cases, these problems are not gener-
ated alone. In addition, in the late development of high-
temperature and high-pressure condensate gas wells, there
will be a decrease in the liquid carrying capacity of the gas
phase due to the decrease of the gas pressure, which will lead
to the liquid loading phenomenon in the wellbore. The con-
sequent change of the multiphase flow pattern will form
such phenomena as slugging flow, annular fog flow, bubble
flow, etc., and will also lead to shutoft pressure and shut-
down of gas wells. In view of the blockage or slugging prob-
lem caused by liquid loading, it is necessary to strengthen
the gas pressure or carry out bubble discharge operation in
the late development [17-20]. There will be several coexis-
tence situations, which will require special attention.

2. Sand Blockage

2.1. Causes and Endangerments. Based on the analysis from
blockage mechanics, shearing and stretching are the main
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FIGURE 1: Blockages from sand blockage condensate gas well.

influence factors that can cause the high-pressure and high-
temperature condensate gas well sand blockage. Hence, the
destructed rock will impel sand to shed and to move. Some
blockages from sand blockage gas wellbore are shown in
Figure 1.

Two reasons, which cause the sand blockage problem of
high-pressure and high-temperature condensate gas wells,
are given by the following:

(1) Reservoir geological condition: stress state

(2) Producing factors: cementing quality and shot density

The problem of sand blockage in the wellbore will lead to
an increasing number of negative effects such as prolonging
operations and affecting the normal mining process. Common
hazards caused by sand blockage are given by the following:

(1) Stopping production and decreasing productivity
(2) Landfilling reservoir and influencing recovery ratio
(3) Shortening equipment using time

(4) Causing formation stress change

2.2. Mechanisms and Influences. When shear stress and ten-
sile stress are more than the strength of rock, it will cause the
rock crushing and moving by the high-pressure and high-
speed fluids, which is the biggest stress to resist the rock
breakup. The rock stress mainly consists of compressive
strength, tensile strength, and shear strength [21]. The uni-
axial compressive strength is also an important parameter
determining the sand production in wells. The tensile
strength and shear strength are characterized by Young’s
modulus and shear modulus, which are defined for homoge-
neous and fully elastic media. But these parameters are still
used for nonuniform and nonperfectly elastic geological
bodies such as rocks. Next, the calculation formulas of these
two parameters will be introduced.

Young’s modulus is the ratio of stress to linear strain in
tensile (or compressive) direction when rock tensile (or
compressive) deformation occurs.

FIS

=_ 1
AL/L (1)

where F is the external force, N; L is the length, m; AL is the
length changes account, m; S is the cross-section area, m’ E
is the Young’s modulus of rock, N/m”.

The shear modulus is the sign of rock shear elasticity
strength. When the shear angle is small, the formula of shear
modulus can be obtained by Hooke’s law.
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where F, is the shear stress, N; S is the surface area affected
by shear stress, m? y is the shear modulus, N/m?; 0 is the
shear angle, .

The sand blockage problems of high-pressure and high-
temperature condensate gas wells will bring an increasing
number of wrong influences, such as decreasing yield and
increasing the production cost. So, it is crucial to understand
the influence factor of sand blockage. Formation sand
production and sand blockage of fracturing are the main
reasons. The formation sand production is brought by
high-speed fluids from the bottom of wellbores. And four
reasons can accelerate sand production, such as formation
lithology and stress distribution, mining conditions, physical
properties of formation fluids, and drawdown pressure.
Generally, the inappropriate operation will also cause sand
blockage in the fracturing process.

2.3. Preventive Treatment Technology. Sand production is
extremely harmful. The wellbore sand blockage causes gas
wells to stop production, and sand production causes serious
abrasion and sand sticking of surface and downhole equip-
ment. It will not only increase production cost but also
increase the difficulty of gas field management.

Physical sand control technology can be divided into two
categories. One is running sand control string to prevent
sand production: such as slotted liner, wire wound screen,
cemented sand filter, double or multilayer screen, etc. This
kind of sand control technology is simple and easy to imple-
ment, but the effect is poor and the service life is short. The
other type is to run into the sand control string and then fill
it with a variety of filling materials. The most commonly
used materials are gravel, husks, pits, plastic particles, and
glass balls.

Resin bonding is also an effective sand control technol-
ogy. The technology can be used in the existing construction
string of condensate gas wells, without drilling rig or work-
over rig. It can also be used for abnormal high-pressure
wells.

2.4. Unblocking Treatment Technology. To solve sand block-
age problems, analyze and summarize unblocking treatment
technology. After understanding treatment technology,
select the effective solutions, which are suitable for high-
pressure and high-temperature condensate gas wells.

A Tapered Outer Diameters Coiled Tubing System
(TODCTS) is developed for the deployment of multiple
outer diameter coiled tubing sections in a single string,
which can maintain sufficient flow capacity for well inter-
vention operations. When operating on the spot without sol-
vents, combining the use of familiar coiled tubing operations
and a high-pressure rotary jetting tool can remove the
BaSO, scale. Likewise, continuous tubing can be used to
solve sand blockage problems in a sand blockage well of
Nigeria, so that the productivity will increase to 300%.
Found in long-term practice, research a new high strength
coiled tubing grade with good ductility. The continuous tub-
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F1GURE 2: The methods of water blasting technology.

ing technology can also be used in offshore oil and gas fields,
the first worldwide subsea application for plastic coiled tub-
ing for sand removal.

2.4.1. Coiled Tubing Treatment Technology. The coiled tub-
ing treatment technology [22] drives the coiled tubing and
tools to the goal position and uses the high-speed drill to
remove the blockage efficiently. At last, sand and debris are
brought out wellbore by liquid circulation. In addition to
the coiled tubing treatment technology, the common remov-
ing technologies of sand blockage are mechanical sand fish-
ing and water blasting. Mechanical sand fishing technology
can be divided into two parts, which are wire rope conveying
sand fishing and oil pipe conveying sand fishing. But it is usu-
ally abandoned at present. The principle of water blasting
technology is utilizing high-speed fluids to remove the sand
blockage and utilizing up-flow fluids to bring sand to the
wellhead. The water blasting technology also can be divided
into four parts as follows: forward, back, doubly forward,
and forward and back, which are presented in Figure 2.

Compared to the other two sand blockage removing
technologies, the coiled tubing technology can fully utilize
the continuous and reliable seal characters of tubing and
operate in a negative pressure environment. With a closed-
cycle system, it could solve sand blockage reliably and safely.
The demerits of unblocking treatment technology are men-
tioned in Table 1.

After understanding the principle, advantages, and disad-
vantages of the coiled tubing technology, the applicability
and attention of coiled tubing treatment technology can be
summarized approximately which are given by the following:

(1) With wide applicability and good sand blockage
removal effect, the coiled tubing technology can be
utilized in high-temperature and high-pressure con-
densate gas wells

(2) Average operating depth can reach more than
6000 m, wellbore operating temperature can reach
150°C~170°C, and the acceptable pressure of well-
bore can reach 90 MPa

(3) In the process of removing the sand blockage, it
should pay attention to the pressure of the wellhead
to avoid sand overflow and the high-pressure jet
jurying staff
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TaBLE 1: The sand blockage removal treatment technology.

Technology type

Technology advantages

Technology disadvantages

Forward water blasting
Back water blasting

Forward and back water blasting

Coiled tubing

Remove sand blockage easily

Strong sand carrying capacity, card drilling uneasily

Combining the advantages of forward and
back water blasting

Continuous and reliable seal, operate in negative
pressure availably

Weak sand carrying capacity, card
drilling easily

Weak impact force

Low operating safety

High operating cost

(4) The coiled tubing treatment technology, with less
actual operations and higher operating costs, is the
most effective measure to remove the sand blockage
in high-temperature and high-pressure condensate
gas wells

2.4.2. Other Treatment Technology. Recently, there are 3
kinds of unblocking treatment technologies, coiled tubing
treatment technology, acidification unblocking technology,
and overhaul. Selecting unblocking treatment technology
should pay attention to safety, economic effectiveness, com-
pleteness, and rationality and consider the blockage type and
degree of the wellbore blockage.

When scale content is more than sand content in the
blockage, considering economic cost and rationality selects
acidification unblocking technology. Besides technology
being mature and safety controllable, it also has the character-
istics of a short construction period, low cost, and high-cost
performance. To solve the tubing string broken problems
of condensate gas wells, when coiled tubing treatment
technology and acidification unblocking technology cannot
be utilized, the overhaul treatment technology could be
applied to the recovery of the normal production of con-
densate gas wells.

2.5. Limitations and Future Research Directions. Through lit-
erature review on the sand blockage removal technologies to
solve the sand blockage problem of condensate gas wells
under high-temperature and high-pressure, the coiled tub-
ing technology is considered to be the best blockage treat-
ment technology. The limitations of the coiled tubing
technology are given by the following:

(1) The cost of the coiled tubing technology is so high

(2) The strength of coiled tubing and wire rope string is
a problem when operating at high temperature and
high pressure

After specifically understanding the limitation of the
coiled tubing technology, further research directions will be
introduced. It will make it easier to select the optimized
treatment technology. And the future research directions
are given by the following:

(1) Strengthening Pressure Strength of Tools. Because
coiled tubing technology will remove the sand block-
ages in the higher depth layer, the tools will be oper-

ated under extremely high pressure. It is necessary to
strengthen the pressure strength of tools

(2) Reinforcing Toughness and Strength of Tubing or
Cable. When the coiled tubing technology is used to
remove the sand blockage at a deeper depth, it is nec-
essary to use the tubing to drive in series. Reinforcing
the toughness and strength of tubing or cable can pre-
vent from tools falling or tubes or cables fracturing

(3) Optimization of Coiled Tubing Rotary Nozzle. To
effective and rapid blockage removal, the coiled tub-
ing rotary nozzle should be further optimized and
improved and strive for high efficiency, high speed,
safety, and low cost to meet condensate gas wellbore
rapid blockage removal

3. Scale Blockage

High salinity formation water and acidic components of H,S
and CO, will cause scaling, corrosion, and blockage in differ-
ent degrees in the production process of high-temperature
and high-pressure condensate gas wells. The scale blockage
will increase friction and pressure drop and influence gas
well percentage recovery.

3.1. Causes and Endangerments. When formation fluids flow
from wellbore to wellhead, the temperature, pressure, oil-
gas-water balanced state, and the ion concentration of
Ca’", Mg**, Ba**, CO,”, SO,*, and CI will be changed. In
the process, salt scales, corrosion scales, and deposition
scales will generate rapidly, which is insoluble, less soluble,
or slightly soluble materials. Salt scaling is composed of car-
bonate and sulfate, such as CaCO,, CaSO,, BaSO,, and
SrSO,. Due to fluids containing organic matter, sulfate-
reducing bacteria, iron bacteria, CO,, H,S, and so on, it cor-
rodes wellbore and generates scale corrosion products such
as FeCO; and FeS. Moreover, there are also existing many
impurities such as microbial excreta and solid particles and
less sand in the condensate oil and gas. Through the analysis
of the mechanism of salt water scaling, it has been proved
that scaling phenomenon is not only simply directly related
to temperature and pressure but also affected by the inter-
face and its flow [7, 11, 12]. Scaling is a complex process,
as shown in Figure 3, generally divided into four steps.

(1) Salt molecules with low solubility are generated, such
as CaCO,, CaSO,, BaSO,, and SrSO,
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FiGure 3: Formation process of scale in system.

(2) Under crystallization, molecules combine, micro-
crystal formation of arrangement and produce grains

(3) An increasing number of crystals grow up and gen-
erate scales

(4) Due to different conditions, generate scale blockage
with different occurrences

Due to the existing a large number of high salinity for-
mation water and acidic components such as H,S and
CO,, it will form a corrosion-prone scaling environment to
cause scaling and wellbore blockage. After appearing scale
blockage in the high-temperature and high-pressure con-
densate gas wells, this will cause a series of problems, which
are given by the following:

(1) Increase friction coefficient and condensate oil cas-
ing pressure

(2) Reduce wellbore diameter and drifting tools are
unable to enter a predetermined well section

(3) Instability or decline in gas or liquid production and
control production difficulty

(4) The flow of wellbore scale into the ground will result
in increased pressure on the ground equipment

3.2. Mechanisms and Influences. Scales of the wellbore are
composed of CaCO,, CaSO,, and iron-containing com-
pounds mainly. When fluids flow from layer to ground,
the pressure of CO, drops, and the change of formation
water composition will bring a large number of CO,*. So
many scales will be generated in the suitable wellbore tem-
perature and pressure environments. The high-temperature
and high-pressure condensate gas wellbore scaling phenom-
enon is shown in Figure 4.

The mechanism of scale blockage mainly includes
incompatibility theory, thermodynamic condition change

FIGURE 4: Scale blockage in the wellbore.

theory, and adsorption theory [7, 11, 12]. The incompatibil-
ity theory, two chemical incompatible liquids (formation
water and ground water and formation water containing
incompatible ions in different reservoirs) are mixed, because
different ions or different concentrations of ions will pro-
duce unstable material and precipitate solids easily. In the
thermodynamic condition change theory, in the process of
condensate gas well production, when the temperature rises,
pressure drops, or flow rate changes, high salinity water will
generate scale. The last one is the adsorption theory. Scaling
can be divided into three stages: scale precipitation, scale
growth, and scale deposition. The surface of equipment is
uneven, and it is a micro rough surface. The scale ions will
be adsorbed on the wall and taken as the crystal center,
growing up and becoming a solid and dense scale.

In the high-temperature and high-pressure condensate
gas wells, the common scales are mainly CaCO,, CaSO,,
MgCO,, MgSO,, etc. They are insoluble, less soluble, or
slightly soluble materials. The following is the chemical for-
mula of the above scale.

Ca** + CO3 = CaCO,|

Ca® +S0; = CaSO,|
Mg®" + CO; =MgCO;| 6)
Mg** +SO% = MgSO, |

Ca** + 2HCO; = CaCO; | +CO,T+H,0
Mg?* + 2HCO; = MgCO, | +CO, 1+H,0
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TABLE 2: Scaling influence factor.

Influence factor Influence principle

Influence incidence

pH value

Conversion of HCO;” to CO,” under alkaline
condition, CO,* combined with Ca** to form CaCO,

Form salt scale, soluble in acid solution.

Rough cylinder walls and other impurities have strong

Mechanical impurity

at low saturation.

catalytic crystallization and sedimentation effect on the
crystallization process, resulting in precipitation of fluid

Induce scaling in the wellbore as a catalyst.

The solubility of the CaSO, scale decreased sharply with

Temperature condition

unidirectional trend.

Pressure condition

the increase of temperature, and CaCO; did not
increase with the increase of temperature, showing a

When the pressure is reduced, the partial pressure of
CO, will be reduced, resulting in CaCOj, precipitation.

Different salt scales have different sensitivity to
temperature.

Scaling easily in the wellbores with decreasing
pressure.

With the increase of flow velocity, the stirring degree of

Hydrodynamic factor

liquid flow increases, and the precipitation crystal
agglomeration intensifies, which promotes the rapid

With the flow velocity increasing, the turbulent
flow will greatly promote scaling.

formation of the crystal nucleus.

Influence of various factors on wellbore scaling, quick
scaling speed of inner wall of the wellbore, and the impor-
tant factors affecting wellbore scaling are shown in Table 2
[23-28].

3.3. Preventive Treatment Technology. When there is scale
blockage gathering in the wellbore of the high-temperature
and high-pressure condensate gas wells, the effective flow
area in the wellbore will be decreased, and the pressure of
the wellbores will be increased. It is common to add corro-
sion inhibitors or scale inhibitors to the wellbores, and
corrosion-resistant materials can be used in the early com-
pletion stage.

The principle of chemical antiscale agents is to change
the scale-prone environment in the wellbores, because the
alkaline environment will be more prone to the formation
of scale. So, the chemical antiscale agents are used to make
acidic environment to inhibit scaling. Corrosion inhibitor
refers to a chemical substance or compound that exists in
the environment in an appropriate form and concentration
and can effectively alleviate or prevent the corrosion of
materials. Therefore, adding corrosion inhibitors can pre-
vent wellbore scaling and reduce the degree of corrosion to
the wellbore.

3.4. Unblocking Treatment Technology. To solve the trouble-
some issue of scale blockage in the wellbore of high-
temperature and high-pressure condensate gas wells, the
blockage causes, factors, degrees, and unblocking treatment
technology should be considered. And combine the techni-
cal application of scale blockage prevention and control with
unblocking treatment technology of scale blockage in high-
pressure and high-temperature condensate gas wells.
PetroChina Changqing Oilfield Company selects out
ZH-2 and ZG-558 scale inhibitors, with excellent effect.
Yangtze University (China) finds the SIB scale inhibitor with
excellent effect by scale prevention experiment. And ascorbic
acid is an easily biodegradable natural product, with an
excellent environmental profile. In a high-temperature envi-

ronment, ascorbic acid could be deployed as an excellent
green chemical to prevent CaCOj scale [29]. Not just a single
agent can inhibit scaling blockage, polymer inhibitors also
can be utilized to inhibit scaling. Northeast Petroleum
University (China) generates MA-AA scale inhibitors and
MA-AA-SSS-AMPS scale inhibitors, with excellent effect
and good high-temperature resistance. Furthermore, the
high-frequency electromagnetic field can be used to inhibit
scaling, and its inhibitory effect is great. Ultrasonic can also
be used as a new and efficient technology in high-
temperature and high-pressure condensate gas wells to
remove inorganic scale near the well area [30, 31].

3.4.1. Chemical Treatment Technology. The principle of
chemical treatment technology is that physical and chemical
reactions between chemical agents and scale blockages
occur, which makes the scales soften, peel, and dissolve to
remove scale blockage. It should also be noted that scale
blockages are not homogeneous but a mixture. Three com-
mon scale blockage removal technologies are presented in
Table 3.

Comparing three common unblocking treatment tech-
nology, the application of chemical treatment technology is
universal. It is necessary to understand the adaptability of
the chemical treatment technology in order to make it easier
to be selected.

(1) Chemical treatment technology has the advantages
of high removing efliciency, large action space, and
wide application range. It is a better technology to
remove wellbore scale blockage

(2) Chemical treatment technology is affected by tem-
perature and pressure environment. An increasing
number of chemical agents accelerate the removing
rate with the increase of temperature and pressure

(3) The harm to wellbore, formation, and environment
should be noted in the removing scale blockage
process
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TaBLE 3: Comparison of common scale removing technology.

Technology type

Technology advantage

Technology disadvantage

Chemical treatment technology

The operation is convenient, the degree of
automation is high, and there is no environmental

Physical treatment technology
pollution.

For wellbore scales, it is better that is not suitable
for such as BaSO, for gas wells that are not
suitable for pickling.

Mechanical treatment technology

Simple process, short construction period, safety, Some chemical agents have strong corrosivity and
economy, high efficiency

are easy to corrode wellbore.

The complex mechanism and poor universality,
especially in the application of gas fields, need
further study.

Descaling is complex, high cost, low efficiency,
and high risk of underground operation safety.

First filter Single flow valve

Secondary filter

Dynamic drilling tool

Scaling drill

b

FIGURE 5: Structure diagram of the mechanical treatment tool.

3.4.2. Other Treatment Technology. Besides chemical treat-
ment technology, the mechanical descaling technology, the
downbhole jet descaling technology, and the ultrasonic clean-
ing and antiscaling technology also can be used to remove
scale blockage. Next, the principle will be introduced, and
the advantages and disadvantages will be compared to select
out the optimal treatment technology in the removing scale
blockage process.

Mechanical descaling technology, utilizing dynamic dril-
ling tools to remove the gathering scale blockage in the well-
bore, is applied early. The technology can be used in the
condensate gas wells that cannot be acid washed, with excel-
lent effect to remove BaSO, and another hard scale. The
mechanical treatment tool is shown in Figure 5.

For downhole jet descaling technology, it is potential to
apply multiple jet holes or an indexing nozzle to remove
wellbore scale blockage. A pure water jet is effective to
remove soft scales, but it is not suitable to remove hard
scales. However, when pure water jet is only used to remove
scale, it will remove harmful scales in large areas and its
effect is remarkable [32].

Ultrasonic removing and antiscaling technologies have
extensive advantages, such as online continuous work, a
high degree of automation, and reliable working perfor-
mance. The practice has proved that ultrasonic removing
and antiscaling technology can not only prevent the for-
mation of scales but also destroy the existing scales. It
has an obvious scale prevention effect and strong advan-
tages in environmental protection and energy-saving
[13-15].

The adaptability analysis of the above three treatment
technologies is as follows:

(1) Removing tools such as milling cutters involved in
mechanical descaling technology will damage the
integrity of the wellbore string and limit its size dur-
ing operation

(2) There are many security risks in mechanical descal-
ing technology, which is only suitable for special
working conditions

(3) Mechanical descaling technology is suitable for acid-
sensitive condensate gas wells, but there is a certain
risk in the construction under a high-pressure envi-
ronment. When the scale blockage is deep, the tool
needs to be slowly dropped to prevent the tools from
falling

(4) Downhole jet descaling technology needs to pay
attention to the design of the jet nozzle, jet nozzle
uniform dispersion, and strive to quickly remove
scale blockage in the high-temperature and high-
pressure condensate gas wellbore

(5) Ultrasonic removing and antiscaling technologies
are suitable for removing the scale blockage prob-
lems near the well and when the demand for scale
blockage removal technology is urgent because it
causes high cost and high price

3.5. Limitations and Future Research Directions. The applica-
bility, advantages, and disadvantages of the common unblock-
ing treatment technology in high-pressure and high-
temperature condensate gas wellbore have been clarified.
The main limitation is that the treatment technologies or
unblocking tools are not applicable in condensate gas well-
bores. Therefore, the future research direction of scale block-
age removal technology will be roughly given to provide help
in selecting treatment technology for high-temperature and
high-pressure condensate gas wells. The limitations of scale
blockage treatment technology will be introduced.

(1) Chemical scale removers are generally toxic and cor-
rosive, which the stability at the high-temperature
and high-pressure environment is weak
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(2) Mechanical scale removal technology is difficult to
construct in high-temperature and high-pressure
condensate gas wells, which is easy to cause second-
ary damage and bring a security threat to staff

(3) Microbial wax removal technology has fewer species
of bacteria and higher price requirements

(4) Ultrasonic removing and antiscaling technology is
difficult to construct in deeper layers

After a preliminary understanding of the limitations of
the scale blockage treatment technology, the following sev-
eral points mainly focus on its follow-up research direction,
so as to better select the scale blockage removal technology
and optimize the scale blockage removing scheme. The
future research directions are given by the following:

(1) Improve mechanical removing tools in mechanical
descaling technology. To remove acid-insoluble hard
scales in the deep wellbore of high-pressure and
high-temperature condensate gas wells, if the
strength and range of mechanical removing tools
are not enough to completely remove it, the risk of
tool string falling into the reservoir will be induced,
which causes secondary damage

(2) Optimize the nozzle and pipeline of the downhole jet
tool. In the use of downhole jet tools for downhole
jet, the descaling degree of the downhole jet rotating
nozzle should be noticed. The delay and cost loss of
high-pressure and high-temperature condensate gas
wells producing period caused by repeated descaling
operation

(3) Optimize ultrasonic cleaning technology and reduce
cost. Although ultrasonic has a high removing
degree, its application scope is narrow. Hence, it is
necessary to strengthen the adaptability of ultrasonic
cleaning and antiscaling technology at high-temper-
ature, high-pressure, and deeper strata. Reduce costs
and improve economic benefits

4. Hydrate Blockage

With the energy changing, the pressure and temperature of
fluids also are changed in the formation fluid flowing pro-
cess. When arriving at a certain temperature, hydrate will
generate and gather in the inner wall of wellbore. The
hydrate blockage will damage downhole tools and influence
normal production.

4.1. Causes and Endangerments. Hydrate is a crystalline
solid, which is combined between hydrocarbon molecules
in condensate gas and free water under a certain degree of
pressure and temperature. Generally, the main conditions
of hydrate formation include the following: existing exten-
sive free water, low temperature environment, the tempera-
ture of condensate gas is less than dew point temperature,
and high-pressure environment. Auxiliary conditions
include that high-velocity flowing, pressure fluctuation, and

Lithosphere

FIGURE 6: A schematic diagram of hydrate blockage [33].

the presence of acidic components such as H,S and CO,. If
there were an environment of pressure fluctuation, tempera-
ture drop, closure, or sudden change of airflow direction, the
hydrate blockage would be more likely to occur. A schematic
diagram of hydrate blockage is shown in Figure 6.

There are a series of harmful effects caused by hydrate
blockage, which will seriously threaten the normal produc-
tion process of high-temperature and high-pressure conden-
sate gas wells and the safety of staff. Common hydrate
blockage hazards in high-temperature and high-pressure
condensate gas wells are as follows:

(1) Cause wellbore pressure hold and reduce wellbore
circulation area

(2) Decrease gas well production efficiency and cause
unsafe accidents

(3) In winter, hydrate freeze blockage problems can be
found in the gas recovery tree

4.2. Mechanisms and Influences. Hernandez [34] has built
the solid-liquid flow mechanism model of the pipeline sys-
tem, which is used to predict the pressure drop of the pipe-
line system, and the deposition process of hydrate particles
and the corresponding change of solid-liquid flow pattern
are divided into four stages which are shown in Figure 7.
These are (a) uniform suspended flow, (b) nonuniform sus-
pended flow, (c) mobile bed flow, and (d) fixed bed laminar
flow.

Englezos et al. [35] proposed a kinetic model to describe
the growth of pure methane, pure ethane, and mixed gas
hydrates on the basis of crystallization theory and dual-
mode theory:

() =Kl -53)

1 1 1

KRR

(4)

where A, is the surface area of hydrate particle shell, m? f is
the gas fugacity, MPa; f,, is the gas fugacity in three phase
equilibrium, MPa; k, is the reaction rate constant, mol/
(m*MPa-s); k; is the mass transfer coefficient, mol/
(m*MPa-s); K* is the total rate constant, mol/(m*MPa-s);
n is the molar number of gas consumed by hydrate growth,
mol; ¢ is the time, s.

The main factors affecting hydrate formation include
formation water ion concentration, acid gas content, gas
composition, and pressure and temperature. Several main
factors can be analyzed. Gas composition influences hydrate
blockage generation. Under constant pressure conditions,
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FIGURE 7: Deposition process of hydrate particles and solid-liquid flow pattern [35].

the higher the content of CH,, the lower the temperature of
hydrate formation, so the higher the content of CH, in the
gas component, the less easily the hydrate formation. Pres-
sure and temperature influences hydrate blockage genera-
tion. The formation temperature of hydrate is almost
exponentially correlated with gas environmental pressure.
Under a low-pressure environment, the influence of pressure
is greater than temperature. Under the high-pressure envi-
ronment, temperature influence is greater than pressure.
Formation water ion concentration influences hydrate
blockage generation. Under the same pressure environment,
with the formation water ion concentration increasing, the
generation temperature of hydrate decreases. So high salinity
formation water has a certain inhibitory effect on hydrate
formation. Acid gas content influences hydrate blockage
generation. Under constant pressure conditions, increasing
acid gas content will lead to hydrate formation temperature
increasement. The higher acid gas content is more likely to
generate hydrate blockage.

To sum up, hydrate formation temperature is almost
positively correlated with the pressure. The higher the pres-
sure, the higher the hydrate formation temperature. High
salinity formation water has a certain inhibitory effect on
hydrate formation, and acid gas content has a certain role
in promoting hydrate formation [36].

4.3. Preventive Treatment Technology. To dissolve the prob-
lem of wellbore hydrate blockage in high-temperature and
high-pressure condensate gas wells, the prevention measures
of hydrates in the early stage should be paid attention. Sev-
eral hydrate blockage preventive technologies will be mainly
introduced.

The principle of chemical preventive technology is utiliz-
ing inhibitors to change the environment of hydrate genera-
tion. Hydrate inhibitors contained in the chemical reaction
products can also prevent hydrate formation again, achiev-
ing safe and effective removing hydrate blockage [37].

The heating to prevent hydrate technology is that heat-
ing condensate gas in the wellbore and making the temper-
ature of condensate gas more than the production
temperature of hydrate. Currently, the common heating
technologies include steam injection heating, water jacket
furnace heating, and cable heating.

4.4. Unblocking Treatment Technology. To solve the hydrate
blockage problems in the high-temperature and high-
pressure condensate gas wellbores, the blockage causes,
degrees, harm, and treatment technology should be consid-
ered. The important solution will be introduced as follows:

Since the end of the 20th century, the methanol has
begun as a kind of hydrate inhibitor. A semibatch stirring
reactor with constant temperature and pressure is designed
to characterize kinetic inhibitors. The anticoagulant is found
that can be an inhibitor to prevent hydrate generation [38].
Meanwhile, QAB inhibitor is found in the first experiments
at the molecular level [39]. The ice structure protein (ISPs)
also can be utilized to inhibit hydrate generation. It is not
only the Chitosan and Guar agum as biodegradable hydrate
formation kinetic inhibitors with good application prospects
[40]. The China University of Petroleum found out that
downhole throttling technology can decrease the risk of pro-
ducing hydrate. To solve the toxicity of methanol, a nontoxic
new hydrate inhibitor named Z-6 is developed and has an
excellent removal effect.

4.4.1. Chemically Autogenetic Heat Technology. The blockage
removal process of hydrate is the endothermic decomposi-
tion process of hydrate in the wellbores. When the tempera-
ture and pressure of the system deviate from the phase
equilibrium condition, the hydrate begins to decompose.
Hydrate is dissolved by the heat released by the chemical
reaction of the blockage agent in the wellbores, and the
hydrate inhibitor contained in the chemical reaction product
can also prevent the formation of hydrate again, so as to

Downloaded from http://pubs.geoscienceworld.org/gsallithosphere/article-pdf/doi/10.2113/2022/8076631/5648335/8076631.pdf

bv auest



10

Lithosphere

TaBLE 4: Comparison of common hydrate removing technology.

Technology type

Technology advantage

Technology disadvantage

Chemically autogenetic heat

technol i
echnology easy operation.

Chemical hydrate inhibitors
technology

Mechanical treatment technology

Good blocking effect can quickly remove hydrate
blockage in a short time, low process cost, and

It has good preventive effect, high safety, and
strong universality.

Unblocking too quickly, high-pressure air jets can
cause danger.

The hydrate removing effect in the wellbore is
poor, and the main focus is on the early
prevention and control.

Easy to operate, general unblocking effect, hydrate The cost is high, the energy loss is large, and the
removal is more complete.

blockage depth is limited.

achieve the purpose of safely and effectively removing
hydrate blockage [41, 42].

The general composition of the autogenetic heat block-
ing remover formulation is chemical reaction main agent
+reaction control agent+corrosion inhibitor+iron ion stabi-
lizer. The comparison of common hydrate removing tech-
nology is listed in Table 4.

After understanding the principle of chemical control
treatment technology, the adaptability analysis is essential in
selecting hydrate blockage treatment technology. Next, the
adaptability analysis of chemical treatment technology for
hydrate blockage in high-temperature and high-pressure con-
densate gas wells will be mainly introduced.

(1) Chemical treatment technology is an effective con-
trol measure for hydrate blockage, which can make
up for the problems of operation in mechanical
removing technology

(2) Chemical treatment technology is not affected by the
depth of the hydrate blockage but is greatly affected
by temperature and pressure

(3) The chemical inhibitors should be no toxicity and no
harm to the wellbore environment

(4) To solve dense hydrate blockage, the combination of
chemical and mechanical treatment technology can
be used to solve the hydrate blockage problem

4.4.2. Other Treatment Technology. Besides chemical treat-
ment technology, there are also 3 kinds of hydrate blockage
treatment technologies, such as dewatering to control
hydrate, pressure drop control hydrate, heating to prevent
hydrate, and downhole throttling technology. Next, they will
also be introduced.

The principle of dewatering [43] to inhibit hydrate is
removing free water in the produced fluids to inhibit hydrate
generation. The pressure drop treatment technology is
reducing system pressure to inhibit hydrate generation. In
practice, it is better to make the pressure drop process
between isothermal and adiabatic conditions. The principle
of heating to prevent hydrate is heating condensate gas in
the wellbore and making the temperature of condensate
gas more than the production temperature of hydrate. Cur-
rently, the common heating technologies include steam
injection heating, water jacket furnace heating, and cable
heating. The principle of downhole throttling technology is

utilizing an air nozzle to achieve reducing pressure, which
is installed in the wellbore. Through downhole throttling
and formation heating condensate gas, the wellbore pressure
on the upper part of the throttling nozzle can be reduced.
When condensate gas flows to the wellhead, the wellhead
pressure decreases. Hence, reduce hydrate generation tem-
perature and increase the temperature of condensate gas to
achieve inhibit hydrate formation.

After preliminarily recognizing the principles of the
mentioned technologies, the adaptability of the technologies
will be mainly introduced to make the subsequent selection
easier. The adaptability will be introduced as follows:

(1) Heating to prevent hydrate technology is suitable for
condensate gas wells with weak hydrate blockage,
and this method is accompanied by the high cost

(2) The downhole throttling technology needs a simple
downbhole throttling nozzle and producing scheme
designed for different production conditions

(3) The downhole throttling technology is less affected
by temperature and pressure but needs some throt-
tling devices with high temperature and high pres-
sure. Likewise, it is vulnerable to corrosion

(4) When the downhole throttling device is installed, the
installation position should be noted and it should be
installed firmly to prevent accidents

4.5. Limitations and Future Research Directions. After sum-
marizing and understanding the treatment technologies
mentioned above for the hydrate blockage in high-
temperature and high-pressure condensate gas wells, com-
paring their advantages and disadvantages, applicability,
limitations, and future research directions of hydrate block-
age removal technology will be analyzed. The limitations of
the treatment technology for hydrate blockage are listed
below.

(1) Most hydrate autogenetic heat agents are toxic and
corrosive, which will corrode the wellbore and dam-
age the reservoir

(2) The performance stability of hydrate autogenetic
heat agents under high-temperature and high-
pressure environments is uncertain, so it is necessary
to conduct stability research
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(3) The hydrate preventive technology will be heat loss
in the operation of heating, with the high cost and
low economic benefit

(4) The strength requirements of downhole tools for
downbhole throttling technology are not enough,
and tools will fall or be carried to the wellhead by
high-pressure and high-speed airflow

After a brief understanding of the limitations of the above-
mentioned treatment technology for wellbore hydrate block-
age in high-temperature and high-pressure condensate gas
wells, the following research will be conducted around the
subsequent use to successfully solve hydrate blockage prob-
lem in the direction of high-temperature and high-pressure.
Moreover, reduce economic costs and improve recovery.

(1) Hydrate autogenetic heat agents will be studied in
the direction of nontoxic and noncorrosive and
reduce the cost of chemical agents

(2) About heating to prevent hydrate technology, reduce
heating cost, improve heating technology, and
reduce energy loss

(3) The stability of hydrate autogenetic heat agents at
high temperature and high pressure should be
improved, and the inhibition research should be
studied in the composite direction

(4) Strengthen the strength of downhole throttling tech-
nology tools, optimize the structural design, and
improve stability

5. Wax Blockage

When the temperature and pressure decrease to a certain
degree in the producing process, the wax molecule in con-
densate gas will continuously crystallize and precipitate.
After wax deposition in high-temperature and high-
pressure condensate gas wells, the inner diameter of the
wellbore gradually will be decreased, the condensate oil flow
resistance will be increased, and the condensate gas well pro-
ductivity will be reduced.

5.1. Causes and Endangerments. Condensate gas, a multi-
component organic mixture, is composited by hydrocarbon
compounds and nonhydrocarbon compounds. The wax
blockage is caused by the precipitation of wax molecules
from condensate gas [44] and the aggregation and deposi-
tion of wax molecules with heavy colloids, asphaltenes, or
other impurities on the inner wall of the wellbores [45].
The wax blockage problems will reduce the flow area and
increase friction. The schematic diagram of wax blockage
formation is shown in Figure 8.

The well of light wax blockage will not have a great
impact on production. But with the production time
prolonging, the well of serious wax blockage will shorten
the production cycle, reduce condensate gas well production,
and lead to shut down production possibly. The hazards of

11

Temperature and pressure drop,
viscosity rise

Wax
<:| precipitation |:>

Wax

Wellbore

FiGURrk 8: The diagram of wellbore wax blockage [46].

wax blockage in the wellbore of high-temperature and
high-pressure condensate gas wells are as follows:

(1) Severe wax blockage in the annulus of the oil jacket
will cause hot washing failure

(2) Under the action of formation pressure, the strong
lifting string will cause external spraying, resulting
in serious environmental pollution

(3) Downbhole tools will be not easy to fall into, such as wax
scrapers, drift diameter gauge, and perforating guns

(4) Underground and ground wax removing work is dif-
ficult to begin, and the construction period is pro-
longed resulting in materials and cost waste

5.2. Mechanisms and Influences. At present, the understand-
ing of the internal causes of wax deposition blockage has not
been unified, and extensive scholars have various explana-
tory theories on its mechanism [47]. The mechanism of
wax blockage can be divided into three parts, such as phase
equilibrium theory, solubility theory, and crystallization the-
ory. The schematic diagram of wax blockage formation is
shown in Figure 9.

The wax deposition can be regarded as a reversible ther-
modynamic process [48]. Because the change of condensate
oil and gas composition or temperature and pressure, the
thermodynamic equilibrium conditions are changed, so that
the solubility of wax will be reduced, resulting in wax crystal-
lization, deposition, and blockage. This can be attributed to
phase equilibrium theory.

According to the thermodynamic solubility theory, wax
soluble in condensate oil and gas under stable conditions
can be regarded as a true solution, in which wax is a solute
and light components are regarded as solvents. The temper-
ature reduction will decrease the solubility of the wax
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FIGURE 9: Schematic diagram of wax blockage formation [41, 42].

composition, which leads to the wax crystallization, deposi-
tion, and blockage in the condensate gas wells.

In 1988, Weingarten and Euchner [49] proposed the wax
dissolution model by fitting the experimental data, according
to the ideal melting theory:

~Ah (11
e Y B
In X, = — <Tf 7 ) (5)

m

where X, is the molar fraction of saturated wax in liquid
phase; R is the ideal gas constant, 8.314 k]/(kg'mol-K)’l; h
is the dissolution latent heat of wax, kJ/(kg-mol-K)™.

According to Equation (5), the molar fraction of satu-
rated wax is a function of temperature that can be con-
firmed, which is the solubility of wax increases with the
increase of system temperature and decreases with the
decrease of temperature.

The crystallization process is the process of ordering solid
structures from the disordered phase [50]. When the conden-
sate oil and gas temperature reduce to the cloud point temper-
ature, the precipitation process of dissolved wax molecules
from the liquid phase is generally divided into two stages such
as nucleation stage and crystal growth stage.

Combining the above three wax blockage mechanisms,
two models were established, which are the molecular diffu-
sion model and the shear dispersion model. The temperature
difference between the oil and gas flow and the tube wall
causes the concentration gradient of dissolved wax mole-
cules and wax grains, which will make the wax molecules
and grains move to the solid surface under the mechanism
of molecular diffusion and shear dispersion.

The deposition rate caused by molecular diffusion can be
calculated by the Fick diffusion equation:

dG dw
WL_d_T_pL Mg
dw _ dw dT (6)
dr dT dr
dw dT

WL:PLDMd_T “adr
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where W/ is the wax molecular mass per unit area diffused
in unit time, kg-(sm®); p, is the wax density, kg/m’; d is
the concentration gradient of dissolved wax related to dis-
tance at the wall, m™'; dw/dT is the concentration gradient
of dissolved wax related to temperature, °C™; dT/dr is the
radial temperature gradient at wellbore wall, ‘Cm™; D, is
the molecular diffusion coefficient of dissolved wax, m*/s",
which can be calculated by the following formula:

D, = -2, (7)
M Ho

where B is the condensate oil constant; y is the dynamic
viscosity of condensate oil, Pa-s.

The shear dispersion, which the wax crystals flowing
with condensate oil in the wellbore, and the crystallization
near the wellbore wall will radially move under the shear
effect of condensate oil flow [51, 52]. Likewise, considering
the gradual precipitation of wax grains in the condensate
oil flow, the original rough protrusion of the wellbore wall
will not be regarded as the crystallization core. The wax
deposition and blockage generation by shear dispersion
account for a small proportion, which can be ignored in
the actual calculation.

By analyzing the wax blockage samples of different well-
bore positions, the gas mass and oil sample characteristics
are studied. Common influence factors of wax blockage in
condensate gas wells are as follows:

(1) Properties of Condensate Oil [53]. For different con-
densate oil, the higher the wax content, the more
serious the wax blockage problem

(2) Oil Temperature and Temperature Difference
between Condensate Oil and the Wellbore Wall
[54]. When the oil temperature is between wax pre-
cipitation point and freezing point, there will be
wax deposition peak area

(3) Pressure. When the pressure is lower than the bubble
point pressure, the pure oil phase will be trans-
formed into a gas-liquid two-phase. And the precip-
itation of light hydrocarbon molecules reduces the
solubility of condensate oil to wax, which increases
the wax precipitation point

(4) Water Content [50, 55]. With water content increas-
ing, the wax deposition rate first decreases slowly
and then decreases rapidly

(5) Mechanical Impurities [56, 57]. Mechanical impuri-
ties can be used as a crystallization center to promote
wax deposition

5.3. Preventive Treatment Technology. The problem of well-
bore wax blockage has become a crucial problem in the pro-
duction process of condensate gas wells. In order to solve the
problem of wellbore wax blockage in high-temperature and
high-pressure condensate gas wells, chemical wax inhibitors
can be periodically added to prevent wellbore wax
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TaBLE 5: Chemical wax removers.

Wax remover type

Wax remover introduce

Wax remover disadvantage

Qil-based wax removers

Water-based wax removers

The mainstream direction of wax removers

Emulsifying oil-based wax removers in water, releasing

Toxic, flammable, and unsafe

Weak wax removal effect.

demulsification in the wellbore, safety, and environmental protection

Emulsion wax removers

Combining the advantages of oil-based wax removers and water-based
wax removers can effectively prevent wax while removing wax.

High requirements for stability

generation, and electric heating wax preventive technology
can also be used to prevent wellbore wax blockage.

The wax blockage is generally divided into three stages,
such as the wax precipitation, the wax crystal growth, and
the deposition blockage. The wax inhibitors can inhibit the
wax deposition process at any stage to achieve the purpose
of preventing wax.

Electric heating wax removal technology utilizes thermal
cable or downhole electric heater to heat oil flow to achieve
the aim to dissolve wax blockage of the inner wall of the
wellbore.

5.4. Unblocking Treatment Technology. To remove the wax
blockage in the high-temperature and high-pressure con-
densate gas wellbore, consider the causes, level, and unblock-
ing treatment technologies of wax blockage. Combining
worldwide treatment technologies, summarize the effective
wax blockage removal solutions.

Northeast Petroleum University (China) developed a
kind of O/W emulsion wax removers, which utilize the ther-
mal effect of the heating agent to achieve wax removal effect
[58]. M.S. Voss found a formulation originally developed for
removing ink from printing presses turns out to be a suc-
cessful dispersant for wax. And continuously adding copoly-
mers can be used to inhibit the wax blockages, such as
polyacrylates, polymethacrylates, or poly (ethylene-co-vinyl
acetate) (EVA) [59]. Southwest Petroleum University
(China) utilized an an-ionic surfactant to develop middle-
phase microemulsion. Likewise, researchers compound a
dispersing PPD with high activity and excellent effect. Petro-
China Changgqing Oilfield Company developed a microe-
mulsion efficient wax remover to solve the problems of the
oil-based wax removers are toxic and flammable and has
low density, and the water-based wax removers have low
wax dissolving efficiency. And there are new additives that
present better results than the commercially available
polymer-based inhibitors in all tested samples, even when
applied at smaller concentrations, compared to many other
polymer-based inhibitors reported in the literature [60].
China National Offshore Oil Corporation selected the
mechanical removing wax of steel wire as the main wax
removal method, and the conventional wax removal tool
was modified.

5.4.1. Chemical Treatment Technology. The principle of
chemical removing wax blockage technology is utilizing a
chemical agent to dissolve and disperse the wax blockage
in the wellbore. Chemical agent addition can be divided into
two ways, such as oil sleeve annular dosing and oil pipeline

dosing. The former is be commonly used. The chemical
wax removers also can be divided into three kinds, such as
oil-based wax removers, water-based wax removers, and
emulsion wax removers.

The principle of oil-based wax removers is utilizing
organic solvent to dissolve wax and remove it from the inner
wall of the wellbore, with excellent solubility and carrying
capacity. The common oil-based wax removers are summa-
rized as follows, such as petrol, kerosene, diesel, heavy
naphtha, and carbon tetrachloride. The water-based wax
removers make water as a dispersion medium and add a cer-
tain number of surfactants, mutual solvents, and bases. It
utilizes the wetting reversal effect of surfactants to make
the inner wall of the wellbore change from lipophilic to
hydrophilic and remove the wax blockage from the wellbore.
The emulsion wax removers combine the advantages of oil-
based removers and water-based wax removers, which can
not only improve the flashpoint of wax remover but also
play a role in wax prevention. It is composed of aromatic
or mixed aromatic solvents and nonionic surfactants
[13-15, 61]. A comparison of the advantages and disadvan-
tages of the chemical wax removers is introduced in Table 5.

Next, the applicability of chemical wax removers will be
analyzed and listed below to better select wax removal
technology.

(1) Solvent wax removers are convenient in construc-
tion, with widely used and strong applicability

(2) Required dosing facilities

(3) Chemical wax remover is susceptible to surface fac-
tors such as wellhead, and its product selectivity is
strong. It needs to be selected and optimized

(4) When the wellbore wax blockage is dense, it is neces-
sary to combine chemical and mechanical wax
removal technology

(5) Some of the wax remover agents are toxic and harm-
tul to staff, but they have high safety and low fire risk
in overall application, such as water-based wax
cleaning agents

5.4.2. Mechanical Treatment Technology. For acid-sensitive
gas wells, utilizing acid agents will harm condensate gas
wells, so it should utilize mechanical treatment technology.
The mechanical removing wax technology is a traditional
and common technology, which uses a scraper to remove
the wax blockage of the wellbore wall. Mechanical wax
removal technology is easy to manage and simple to operate,
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FiGURE 10: Mechanical wax removing device. 1: wax scraping central rod, 2: upper joint, 3: slip ring, 4: slip ring pin, 5: outer sleeve, 6: pin
shaft, 7: connecting rod, 8: scraper, 9: limiting block, 10: chute, 12: cone casing, 13: locking rod, 14: locking block, 15: large spring, 16: small
spring, 17: locking sleeve, 18: lower joint, 19: rubber sleeve, and 20: base.

has no harm to the reservoir, and effectively reduces labor
intensity, as shown in Figure 10.

After understanding the principle of mechanical wax
removal technology, the adaptability analysis of mechanical
wax removal technology will mainly be introduced.

(1) The technology with low cost and simple operation
is generally suitable for condensate gas wells with
low wax deposition and small deviation

(2) Mechanical wax removal technology will be of high
risk when utilized in high-pressure condensate gas
wells

(3) Poor safety tools are easy to be damaged, and there is
a risk of string fall of wire tools

(4) But the equipment investment is low, and the overall
economy is feasible

5.4.3. Other Treatment Technology. Besides chemical wax
removing technology and mechanical wax removing tech-
nology, there are 4 kinds of treatment technologies such as
microbial wax removal technology, ultrasonic wax removal
technology, electric heating wax removal technology, and
coiled tubing wax removal technology.

The microbial wax removal technology is a relatively new
removing technology, which utilizes some specific bacteria
metabolism to achieve removing wax. Such microbes can
reduce the molecular weight of saturated wax and long-chain
hydrocarbons or degrade them into unsaturated hydrocar-
bons. The ultrasonic wax removal technology utilizes the cav-
itation and mechanical and thermal effects of acoustic waves
to get the aim to remove wax [62]. Using ultrasonic wax
remove technology can optimize management costs, reduce
operating procedures, and reduce labor intensity [13-15].
Electric heating wax removal technology utilizes thermal cable
or downhole electric heater to heat oil flow to achieve the aim
to dissolve wax blockage of the inner wall of the wellbore. It

can avoid formation pollution caused by chemical agents,
but it has low efficiency, high cost, and poor reliability. The
coiled tubing wax removal technology mainly uses the heat
energy of heated oil, water, and wax removers to melt and dis-
solve the wax blockage [13-15, 63-66]. Using coiled tubing
technology can solve wax blockage problems that cannot be
solved by conventional wax removal technology. The advan-
tages and disadvantages of the mentioned wax removal tech-
nologies are listed in Table 6.

5.5. Limitations and Future Research Directions. After pre-
liminarily understanding the causes, hazards, influencing
factors, and treatment measures of wax blockage, the limita-
tions and future research directions of common wax block-
age treatment technologies are mainly introduced. After
understanding the limitations and future research directions
of treatment technologies, it is helpful to compare and select
technology in solving the wax blockage problems of high-
temperature and high-pressure condensate gas wells. The
limitations of wax blockage treatment technology will be
introduced.

(1) Chemical wax removers are generally toxic and cor-
rosive, which the stability at the high-pressure and
high-temperature environment is weak

(2) Mechanical wax removal technology is difficult to
construct in high-temperature and high-pressure
condensate gas wells, which is easy to cause second-
ary damage and bring a security threat to staff

(3) Microbial wax removal technology has fewer species
of bacteria and higher price requirements

(4) The heat energy loss of electric heating is large, and
the construction cost is high

(5) Ultrasonic wax removal technology is difficult to
construct in deeper layers
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TaBLE 6: Other wax removal technologies.

Technology type Technology advantage Technology disadvantage

The strain has a short validity period, weak
universality, and may have adverse genetic
variation.

The wax cleaning effect is a good and advanced

Microbial wax removal technology technology

Optimize management costs, reduce operating

Ultrasonic wax removal technolo, . .
&Y procedures, and reduce labor intensity.

Effect of wax removal at different frequencies

Electric heating wax removal Convenient construction, long working life, ~ Relatively large power consumption and low
technology and can be used repeatedly in many wells efficiency

Simple, safe, and reliable, the operation
Coiled tubing wax removal technology efficiency is improved, and reservoir protection High construction cost
is also beneficial.

After understanding the limitations of the wax blockage zle to improve the blockage removal efficiency and
treatment technologies mentioned above, the next research reduce the production cost
direction will mainly focus on the above limitations. Strive

to improve production efficiency and reduce work costs. (2) The optimal scale blockage treatment technology is

chemical treatment technology, which has an excel-

(1) The concept of environmental protection and safety lent removing effect and scale inhibition effect after

is introduced into the preparation of chemical wax successfully removing blockages, and can prevent
removers, which strives to be nontoxic and noncor- secondary scale blockage in a short time. But the
rosive and improves the stability of high pressure corrosion, toxicity, and high-temperature and high-
and high-temperature environment pressure stability of chemical scale removers need

further study. Similarly, to remove severe dense scale
blockage, a combination of chemical and mechanical
removing blockage technology should be adopted

(2) Optimize the structure of mechanical wax scrapers,
and strengthen the strength and toughness of steel
wire

(3) The optimal hydrate blockage treatment technologies
are chemically autogenetic heat technology and down-
hole throttling technology. The chemical hydrate

(4) Improve wax removal efficiency of electric heating agents have an excellent removing effect and can
wax removal technology and reduce cost prevent hydrate speed generation in a short time. But

the corrosion, toxicity, and high-temperature and
high-pressure stability of chemical scale removers
need further study. The downhole throttling technol-
ogy combined with chemical treatment technology
can prevent reformation of hydrate blockage and
improve production efficiency

(3) Further research on microbial wax removal technol-
ogy, and strengthen the exploration of strain groups

(5) Improve the working depth of ultrasonic removal
technology, and promote it to a deeper layer and
high-pressure direction

6. Conclusion
(4) The optimal wax blockage treatment technologies

With a significant increase in energy demand, the develop- are chemical treatment technology, mechanical
ment of high-temperature and high-pressure condensate treatment technology, and electric heating wax
gas wells is important for the quest for energy demand. removal technology. The removing and treatment
The effective technologies to solve wellbore blockages play effect of the chemical treatment technology is excel-
a crucial role in safe and effective producing process. The lent, which is the most suitable technology. The
common wellbore blockage problems can be divided into mechanical treatment technology is suitable for
sand blockage, scale blockage, hydrate blockage, and wax acid-sensitive condensate gas wells, and the remov-
blockage. Besides these common blockage types, there are ing wax effect is more complete. However, the use
also sand-scale blockage and wax-scale blockage. The special of mechanical treatment technology in the high-tem-
unblocking treatment technologies and preventive technolo- perature, high-pressure, and ultradeep environment
gies can be summarized as follows: still has high risk, which needs further research.
The electric heating wax removal technology is
(1) The optimal sand blockage treatment technology is relatively focused on the prevention of wax genera-
coiled tubing treatment technology, which has an tion, but its cost and the heat energy loss are high.
excellent removing effect and high one-time remov- Therefore, it is necessary to conduct further research
ing effect. But the cost is relatively high. In the on heating methods and heat energy maintaining
future, it is necessary to optimize the downhole noz- methods
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(5) To solve the problem of sand-scale blockage, acid-
removing blockage technology can be used when
the content of sand is less and the content of scale
is more, which has a better-removing effect, mature
technology, and low cost. When the blockage is
mainly composed of sand, coiled tubing blockage
removal technology should be adopted, which can
better remove the blockage and recover the produc-
tivity of condensate gas wells

(6) About the wax-scale blockage problems, the chemi-
cal removing technology can be used to develop a
dual-effect remover for wax-scale blockage. It can
better remove the blockage and convenient opera-
tion. But when the blockage is severely dense, the
combination of chemical and mechanical blockage
removing technology should be adopted

This review mainly summarizes the treatment measures of
condensate gas wellbore blockage under the high-temperature
and high-pressure environment, in order to provide technical
guidance, select technology facilely, improve condensate gas
well productivity, and reduce production costs.
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