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With the scale development of shale gas, the importance of selecting appropriate
deliquification process has become increasingly evident in maintaining well
productivity and improving shale gas recovery rate. At present, the preferred
deliquification process are macro-control plate method and field experience
method. The existing methods can only qualitatively select the deliquification
process by considering limited influencing factors, resulting in poor process
implementation. Based on the results of error analysis, the Gray model was
optimized to calculate the pressure distribution in the shale gas wellbore and
determine the applicable pressure limit. The W.Z.B. empirical model, which fully
considers the influence of wellbore inclination, is used to calculate the gas-liquid
carrying situation and determine the applicable liquid carrying limit. By analyzing
the technical limits of five commonly used deliquification processes in the
Changning shale gas field, namely, plunger lift, optimizing pipe string, gas lift,
foam drainage, and intermittent production, a quantitative optimization method
for deliquification processes was established. Thismethodwas then used to obtain
the optimization chart for deliquification processes in shale gas wells. This method
was applied in Well Ning 209-X, where the corresponding optimization chart for
deliquification processes was drawn based on the production characteristics of
the gas well. By quantitatively optimizing the deliquification processes and
adjusting to suitable techniques, it effectively guided the production of the gas
well and improved the gas field recovery rate.
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1 Introduction

The current petroleum industry is in a new phase of conversion from conventional to
unconventional, with increasing energy demand (Alotaibi and Al-Qahtani, 2013; Zou et al.,
2020; Olubodun, 2022), and clean energy represented by shale gas has become an important
target for development, changing the global energy mix. The United States started the “shale
gas revolution” in 1985, and “energy independence” was achieved in 2019 (Meisenhelder,
2013; Chin and Roark, 2017). China is the largest shale gas producer outside of North
America, and with strong government promotion, the national oil company has made the
historic leap of producing 200 × 108 m3 of shale gas per year in just two decades (Zou et al.,
2021).

Compared with clastic reservoirs, shale reservoirs have obvious low pore and low
permeability characteristics, there is no free water in the reservoir, or even in a water-bearing
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undersaturated state (Cai et al., 2013; Ojha et al., 2013; Mohanty and
Pal, 2017). Since the shale gas reservoir needs to be put into
production after volume fracturing to obtain industrial gas flow,
it is very difficult to backflow a large amount of fracturing liquid
after it is injected into the reservoir. It is generally believed that a
certain amount of injected water will be produced in the initial stage
of shale gas well production (Zhang et al., 2016; Booth et al., 2017;
Song et al., 2022). In the early stage of shale gas well development,
production and wellhead pressure increase rapidly, and most wells
are directly put into production with empty casing. When
production declines rapidly, the production tubing needs to be
lowered in time to improve the deliquification capacity of shale
gas wells. As the production declines further, the insufficient energy
in the gas well to drain all the liquids can lead to liquid accumulation
in the wellbore, requiring the selection of suitable deliquification
processes. The production system is not scientific (Elwan et al.,
2021), the stage production targets are unreasonable (Ghorayeb
et al., 2008), and the timing of intervention of the deliquification is
unclear (Rubio, 2023), all of which will affect the production of gas
wells and reduce the recovery rate. It is necessary to timely select
suitable drainage and gas extraction processes based on the
production status of shale gas wells.

Changning Shale Gas Field has initially formed a shale gas well
drainage and production process system represented by plunger gas
lift, optimizing pipe string, gas lift, foam drainage and intermittent
production (Guo et al., 2006; Shen et al., 2017; Xiang et al., 2022). At
present, the preferred deliquification process are macro-control
plate method and field experience method. The existing methods
can only qualitatively select the deliquification process by
considering limited influencing factors, resulting in poor process
implementation. This paper establishes a quantitative preference
method for the deliquification process by analyzing five types of
deliquification process, taking into account both pressure supply
and critical liquid carrying flow rate (Wang et al., 2022). Drawing the
corresponding deliquification process optimization chart according
to the production characteristics of gas wells, quantitatively
preferring the deliquification process, and adjusting the

appropriate deliquification process are significant in maintaining
the production capacity of shale gas wells and improving the
recovery rate of gas fields.

2 Vertical lift performance curve limit in
optimization chart

In the production process of shale gas well throughout its life
cycle, annual flow, churn flow, slug flow, bubble flow and other flow
patterns may occur in turn. At the initial stage of gas well
production, the gas rate and water rate are relatively large.
Annular flow may appear in the wellbore. The gas is continuous
phase and the liquid is dispersed phase, so the lifting efficiency is
high;With the decrease of gas production, Slug flow will appear after
Annular flow. The gas is a continuous phase and the liquid is a
dispersed phase. The lifting efficiency is still high; After the slug flow,
if the gas rate of the gas well continues to decline, the lifting
efficiency will decline significantly, and Bubble flow and other
flow patterns are easy to occur. As shown in Figure 1.

Choosing the appropriate pressure drop calculation model must
take into account various factors, such as wellbore size, well depth,
well-bottom pressure, properties of the fluid, etc. It is necessary to
combine field data to select and adjust the model to ensure that the
selected model can provide accurate predictions for specific well
conditions. The applicable conditions for common pressure drop
calculation models are shown in the Table 1.

In order to accurately calculate the wellbore pressure, five
commonly used wellbore pressure models are compared
(Table 2). It is found that the Gray model has the highest
accuracy. Therefore, the VLP curve of the gas well is calculated
through the Gray model.

The Gray model uses a two-phase flow pressure drop calculation
formula as follows (Gray, 1978; Morales et al., 2016):

dp � g

gc
ξρg + 1 − ξ( )ρ1[ ]dh+ ftG2

2gcDρmf

dh−G2

gc
d

1
ρmi

( ) (1)

where, g is the acceleration of gravity; gc is a dimensionless constant;
ξ is the gas volume fraction; ft is the two-phase flow energy loss
factor; G is the liquid mass flow, kg/s;D is duct pipe diameter, m; ρmf

and ρmi are both mixture density, kg/m3.
Solving the above equation requires the data of mixture liquid

density, liquid holdup, friction loss factor, etc., which are difficult to
obtain in actual production, So the Gray model is solved by some
empirical equations based on temperature, pressure and liquid
specific gravity as follows:

ξ � 1 − exp −2.314 Nv 1 + 205
ND

( )[ ]n{ }
R+1

⎧⎨⎩ ⎫⎬⎭ (2)

τ0� 0.044 − 1.3 × 10−4 t( − 460) pd − p

pd−2120( )2.5

(3)

τw� (2.115 − 0.119 ln p [0.174 − 2.09 × 1) 0−4 t( − 460)] (4)
B� 0.0814 1 − 0.554 ln 1 + 730R

R+1( )[ ] (5)

R � vso + vsw
vsg

(6)

The calculated surface tension of the mixture liquid is:

FIGURE 1
Variation of lifting efficiency with flow pattern.
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τm � qoτo+0.617qwτw
qo+0.617qw (7)

where, Nv is the speed numeral; Nd is the pipe diameter numeral; τ0,
τw and τm are the interfacial tension of oil, water and mixture liquid,
N/m; Pd is the dew point pressure, MPa; R is the slip ratio; vso, vsw,
and vsg are the apparent flow rate of oil, water, and gas phases, m/s;
qw and qo are the volume flow rate of water and oil, m3/d.

The VLP (Vertical Lift Performance) Curve describes the well-
bottom flow pressure required for different production under the
condition of fixed tubing pressure. Under the condition of normal
tubing pressure, calculate the VLP curve under the conditions of
Annular flow and Slug flow. Under the condition of transmission
pressure, calculate the VLP curve when the wellhead pressurization
process is adopted (Figure 2).

3 Application limit of deliquification
process

3.1 Calculation method for application limit
of optimizing pipe string

3.1.1 Model for critical gas rate
As shale gas is mostly developed by horizontal wells, In order to

fully consider the effect of well deviation angle and give
consideration to accuracy and practicability, W.Z.B. Empirical
model (Zhibin Wang model) (Wang et al., 2017) is selected as
the on-site gas well liquid carrying analysis model to analyze liquid
carrying state and production performance of the gas well. The
W.Z.B. model, based on the study of liquid film thickness and the
friction factor of the gas-liquid interface, established a new analytical

TABLE 1 The applicable conditions of common pressure drop calculation models.

Model Applicable conditions

Ansari (Ansari et al., 1994; Chaves et al., 2022) The models describing bubble flow, slug flow and annular flow are established by simulating the riser model of
production Wells. The annular flow is slightly weaker. The model is mainly applied to vertical Wells with liquid-
phase dominant fluid

Aziz (AzizGovier, 1972) A new correlation law is proposed for bubble flow and slug flow. Duns& Ros model is used to calculate annular
flow. The model is mainly applied to the prediction of two-phase flow model in riser

Beggs and Brill (Beggs and Brill, 1973; Shi et al., 2021) The simulation experiment of gas-liquid two-phase flow with gas-water mixed fluid is carried out, and the
calculation method of liquid holdup and friction coefficient of gas-water two-phase inclined pipe flow is put
forward. The model is mainly applicable to the pressure drop loss of two-phase flow in various Angle pipelines

Duns and Ros (Duns and Ros, 1963; Huang et al., 2020) Using the mixture of gas and oil as the mixed fluid, a calculation model covering all flow ranges of gas-liquid two-
phase vertical pipe flow is proposed, especially for short pipe sections

Gregory (Gregory, 1974) Based on the multiphase flow database of the University of Calgary, a comprehensive calculation method is
recommended for gas-phase dominated condensate oil and gas systems

Orkiszewski (Orkiszewski, 1967) The Griffith method, Wallis method, and Duns-Ros method are comprehensively compared, and the optimal
method is selected for different flow patterns. The complete flow pattern discrimination method is provided, and
each flow pattern is calculated separately, which is applicable for calculating the along-pipe pressure loss in two-
phase flow in pipes

Gray (Gray, 1978; Morales et al., 2016) Based on the data of 108 Wells, it is suitable for vertical fluid whose medium is gas phase and the flow pattern is
annular flow or fog flow

Gomez (GomezShohamSchmidt et al., 2000) The model is suitable for the simulation of 30°–90°, and can predict the annular flow and fog flow

Hagedorn-Brown (Hagedorn and Brown, 1964; Zhou et al.,
2016)

Two-phase flow simulation experiments were carried out in 457 m test well with tubing bore diameters of 24.4,
31.75, and 38.1 mm. The model is suitable for vertical Wells with oil, gas and condensate flows

Mukheijee-Brill (Mukherjee and Brill, 1985) Using air, kerosene and lubricating oil as the medium, the experimental research was carried out in inclined
pipeline, and the relationship between liquid holdup and friction coefficient of two-phase flow was put forward.
The model is mainly suitable for the calculation of two-phase flow pressure drop in inclined tubes

TABLE 2 Comparison between model calculation results and test pressure.

Measured well-
bottom flow
pressure (MPa)

Ansari (Ansari
et al., 1994;
Chaves et al.,

2022)

Beggs Brill (Beggs
and Brill, 1973; Shi

et al., 2021)

Duns and Ros
(Duns and Ros,

1963; Huang et al.,
2020)

Gray (Gray,
1978; Morales
et al., 2016)

Hagedorn and Brown
(Hagedorn and Brown,
1964; Zhou et al., 2016)

6.52 7.09 7.23 7.65 6.85 6.97

7.26 7.79 7.85 8.41 7.53 7.68

8.08 8.64 8.85 9.3 8.41 8.56

6.52 7.09 7.23 7.65 6.85 6.97

7.26 7.79 7.85 8.41 7.53 7.68
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model to reveal the carrying mechanism of the liquid from the
perspective of the force balance of the inclined pipe bottom liquid
film. It proposed an empirical model similar in form to the Belfroid
model (Belfroid et al., 2008). The coefficient Cd,p,vSL,T is introduced
to consider the effect of fluid properties on the critical liquid-
carrying flow rate under flow conditions, resulting in better
calculation accuracy. The results show that the model’s calculated
results have an average error of 8.45% compared to experimental
data and a 95% match with field data, enabling accurate and
straightforward determination of the liquid-carrying state of gas
wells. It also reveals the influence of fluid properties on the liquid-
carrying state under downhole flow conditions. It has the advantages
of simple form and convenient field application.

W.Z.B. model:

Vc � Cd,p,vSL,T
sin 1.7θ( )0.38

0.74

���������
ρL − ρg( )σ

ρg
2

4

√√
(8)

Where,

Cd,p,vSL,T � Ap + B( ) 0.024 ln vSL( )+1.12[ ] 1 − 0.0006 T−373( )[ ] (9)
A � 0.016 ln d( )−0.10 (10)
B � 2.85 ln d( )+14.7 (11)

3.1.2 Application limit of optimizing pipe string
The optimizing pipe string process is a deliquification process

that readjusts the size of the tubing to reduce the slippage loss of gas
flow and make full use of the energy of the gas well in the middle and
late stages of water gas well production (Belfroid et al., 2008; Wang
et al., 2017; Ali et al., 2019; Kuku et al., 2020). The optimizing pipe
string process is suitable for little water production gas wells with
certain self flowing capacity, which are generally characterized by
large tubing-casing pressure difference and rapid decline of
production. Conventional foam drainage and gas lift are effective,
but the gas lift is short in validity or can not meet the requirements
for water drainage (Waltrich et al., 2015; Hamad et al., 2017).

For gas wells with good drainage capacity, high flow rate and
large water rate, large diameter tubing can be used to reduce

resistance loss and increase gas rate; For gas wells in the middle
and later stages of production, since the gas rate and well-bottom
flow pressure have decreased, and the drainage capacity is poor,
small diameter tubing must be replaced accordingly. In order to
enhance the liquid carrying capacity of gas flow, reduce or removes
the liquid accumulation at the well-bottom, and extend the self
flowing production period of gas wells.

The casing size used in shale gas wells in Ning 209 block is
5 1 /

2 in, and the production tubing size is mainly 2 3 /

8 in (inner
diameter = 50.3 mm). Take the tubing of these two sizes as an
example to calculate the application limit of optimizing pipe string.
The calculation results of optimizing pipe string are shown in
Figure 3. The curves in the figure represent the critical gas rate
curves for production with casing and production with 2 3/8 in
tubing. Since the essence of optimizing pipe string is to prolong the
self flowing production time of gas well and enhance the liquid
carrying capacity of gas, the premise of effective process is that the
gas production after optimizing pipe string is greater than the critical
gas rate.

The critical gas rate curve corresponding to production tubing of
all sizes is the application limit of optimizing pipe string under
current production conditions. Bring the current production point
of the gas well into Figure 3. If the production point falls on the right
side of the critical gas rate curve, the gas well can still be produced by
optimizing pipe; If the production point falls to the left of the critical
gas rate curve, it means that the energy of the gas well has not met
the liquid carrying demand, and it is necessary to replace other
processes or use other processes to assist production.

3.2 Application limit of plunger lift

When the optimizing pipe string can no longer meet the
production demand, the plunger lift can be used to replace the
production. As a solid sealing interface, the plunger separates the gas
from the lifted liquid, reducing gas channeling and liquid falling
back, and improving the lifting efficiency of liquid.

Similar to the optimizing pipe string technology, the energy of
plunger lift mainly comes from the reservoir. This process eliminates

FIGURE 2
VLP Curve under the condition of limiting GLR (Gas-Liquid Ratio).

FIGURE 3
Application limits of optimized pipe string.
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the liquid accumulation at the well-bottom by improving the liquid
lifting efficiency, increases the production differential pressure, and
prolongs the flowing period of gas well production with liquid.

Plunger lift is suitable for gas wells with low bottom hole
pressure, high GLR, liquid production less than 30 m3/d, and a
well depth not exceeding 4,000 m.When the tubing is connected, the
GLR should be greater than 200 m3/m3 per 1,000 m, and when the
tubing is not connected, the GLR should be greater than 1,100 m3/
m3 per 1,000 m (Darden, 1994). The plunger lift process is greatly
affected by well deviation, and when the deviation is large, the
plunger lift is prone to sticking during the up and down process,
resulting in the inability to lift to the wellhead or fall to the bottom of
the well. In 2011, the plunger reached a deviation angle of 74° in
Marcellus shale gas field, proving that plunger lift can be applied in
horizontal wells, but there are still various problems such as large
leakage and difficult tool seating (Kravits et al., 2011). Currently,
plunger gas lift is mainly used for gas wells with a deviation angle of
less than 40° (Lea et al., 2007).

As shown in the Figure 4, the critical gas rate is the limit of
production with the optimizing pipe string, while the plunger lift is
applicable to drainage gas production at the left side of the curve.
Within the range on the left side of the curve, drainage gas
production can be carried out through the plunger lift process.

The basic requirement for using plunger lift for deliqufication is
that the actual production point of the gas well is higher than the
VLP curve of the wellhead pressurization process. In order to make
more effective use of gas well energy, the gas well should also be
located between the two curves of annular flow and slug flow for
production.

3.3 Application limit of gas lift recovery

The gas lift is applicable to deep wells, deviated wells, wells with
more water and sand, and wells with corrosive components. It also has
its advantages in inducing blowout of gas wells with large liquid
production, re production of water flooded wells, and forced drainage
of gas reservoirs, with the maximum liquid discharge reaching
400 m3/d. When the gas well produces more liquid and the energy

of the gas well is not enough to discharge the liquid accumulated, the
production of the gas well will gradually decline, even water flooding
will occur. For water flooded gas wells with serious well-bottom liquid
accumulation, inefficient bubble drainage or ineffective shut down,
gas lift technology can be used to resume production.

As shown in the Figure 5, the limit of gas lift recovery is the VLP
curve of slug flow. At this time, when the production of the gas well
continues to decline, the liquid carrying efficiency of the gas will be
significantly reduced, resulting in liquid accumulation at the well-
bottom, further reducing the gas production and increasing the flow
pressure at the well-bottom. When the actual production point of
the gas well falls into the gas lift recovery area, high-pressure natural
gas is injected into the gas well through the gas lift process to
improve the GLR and gas rate in the tubing, increase the liquid
carrying capacity of the gas, discharge the liquid accumulated, and
restore the production capacity of the gas well.

3.4 Application limit of foam drainage

Foam drainage is mainly used for deliquification in low
production gas wells with small liquid production. It has the
advantages of simple operation and convenient management.
Without moving the downhole string, surfactant can be injected to
reduce the critical gas rate, which can be reduced by 30%–50%. For
low production gas wells with small liquid production, due to the
further reduction of production in the late production period, the
velocity strings often cannotmeet the liquid carrying demand, and it is
not economical to use the gas lift process. Therefore, the way of form
drainage is often used to reduce the critical gas rate. For the foam
drainage process, the transition limit from annular flow to slug flow in
the wellbore can be considered as the critical gas rate (LIU et al., 2020).

Vc� (11.1 Ql

D2
+2.65

�����������
ρL − ρg( )gD

ρL

√√
· 1 + ���������

0.04 ×R0.75
√( ) (12)

As shown in the Figure 6, the critical gas rate of the
corresponding tubing is the limit by foam drainage. By adding
surfactant, a large amount of stable low-density water containing

FIGURE 4
Application limit of plunger lift.

FIGURE 5
Application limit of gas lift recovery.
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foam is generated from the accumulated liquid. The foam is used to
carry the accumulated liquid to the ground with the air flow,
significantly reducing the critical gas rate, so as to achieve the
purpose of drainage gas production and recovery of normal
production of gas wells.

The commonly used types of foaming agents for gas wells are
ion-type, non-ion-type, amphoteric ion-type, and their complexes.
The produced water from the Changning shale gas well is the
residual liquid of fracturing fluid, and the water type is calcium
chloride type with a mineralization degree of 19–50 g/L (Table 3).
Based on the evaluation of foaming power, foam stability, liquid
carrying capacity, etc., the preferred foaming agent is the non-ion-
type CT5-7C1 foaming agent, and the corresponding defoamer is
CT5-10. The recommended foaming agent injection concentration
is 1.0 g/L, and the defoamer is maintained at a ratio of 1:2.

The use of foam drainage requires that the gas well has a certain
flowing capacity (gas rate ≥1,000 m3/d), and liquid rate is less than
100 m3/d. With the development of production, if the well-bottom
flow pressure further reduces to below the VLP curve of the wellhead
pressurization process, it is no longer able to meet the liquid
discharge demand, so it is necessary to consider using other
processes to replace production.

3.5 Application limit of intermittent
production

When the gas production of the gas well is lower than the critical
gas rate, or the well-bottom flow pressure cannot meet the demand
of the transmission pressure, the gas well should enter the
intermittent production stage. Intermittent well shut-in is
required to restore pressure to achieve periodic liquid drainage

production. The lower the production decline rate, the higher the
GLR, and the faster the reservoir pressure recovery rate, the longer
the duration of the intermittent production stage. For gas wells with
poor production capacity, serious liquid accumulation, and
continuous production of no gas, intermittent production helps
to supplement the formation energy near the well and improve the
gas rate to a certain extent.

As shown in the Figure 7, the limit of intermittent production is
the VLP curve of the wellhead pressurization process. When the
well-bottom flow pressure drops below the VLP curve of the
wellhead pressurization process, the well should be shut in to
restore the pressure until the well-bottom flow pressure is
balanced with the static pressure, or the wellhead pressure
returns to a certain value, the well should be opened again for
production. Generally, when the daily average gas rate of
intermittent production is less than 50% of the theoretically
predicted gas rate, the intermittent efficiency is low, it is
necessary to consider using other processes to maintain production.

4 Field application

According to the current production status of the gas well, read
the current gas rate and wellhead pressure, and calculate the
corresponding well-bottom flow pressure, which can judge
whether the current deliquification process is effective and
whether it falls within the corresponding range according to the
chart. Moreover, the adjustment plan of the production process can
be formulated in advance according to the distance between the
actual production point and the application limit.

When the production point of a gas well falls within the region
where both foam drainage and plunger lift can be used, the choice of

FIGURE 6
Application limit of foam drainage.

TABLE 3 Analysis results of formation water in typical wells.

Total salinity g/L pH Na+, K+ mg/L Cl− mg/L Ca2+ mg/L Mg2+ mg/L Ba2+ mg/L Water type

39.30 6.99 17833 691 972 62 553 Cacl2

FIGURE 7
Application limit of intermittent production.
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process should be based on the actual situation. For the foam
drainage process, the effectiveness of the surfactant is crucial. For
high-temperature, high-pressure, and high-mineralization gas wells,
only a surfactant that meets all conditions can generate a large
amount of low-density water-containing foam, reducing the liquid
density and increasing the liquid-carrying capacity of the gas well.
The plunger lift process is suitable for gas wells with a high GLR and
certain reservoir energy. Conventional plunger devices are mostly
difficult to enter the inclined or horizontal sections through the
build-up points of highly deviated and horizontal wells, and can only
be applied to vertical sections. Although improved tools have been
applied in some highly deviated and horizontal wells, there are still
some problems in actual production. Therefore, the plunger lift is
still mainly used for gas wells with not too high deviation.

4.1 Gas well production processes

The Ning209-X well was opened for production in February
2020 and has been producing for 3 years with the production curve
shown in Figure 8. The initial production from the well was high and
the gas well was producing directly using casing. After a period of
time, the production and pressure dropped rapidly and could not
meet the requirements of the gas well to carry liquids, so a velocity
tubing was put in place to stabilize production. Based on the
experience of the field experts, as production continued, when
the well gas rate was further reduced to 1.2 times the critical gas
rate, production was switched to the plunger lift process.

4.2 Application of the optimization chart

As shown in the Figure 9, The production data points of gas well
Ning 209-X were placed into the optimization chart of
deliquification process, and it was found that the well went

through roughly three stages of production: “①→②→③,” with
three gas lift recovery due to liquid accumulation.

At the initial stage of development, the production gas rate is
high. The gas well is directly produced by casing, which can
effectively carry liquid production. Under the pressure release
production system, the wellhead pressure drops rapidly to the
transmission pressure; Then, the gas well enters the “②” stage. If
the casing production is continued, liquid accumulation or even
water flooding may occur. After the tube is lowered into the gas
well, due to the significant reduction of the critical gas rate, the gas
well is still able to carry liquid with its own energy for production,
and the gas well flowing production period can still last for a period
of time.

When the production of the gas well enters the “③” stage, as the
production is less than the critical gas rate, the liquid carrying
capacity of the gas becomes poor, and liquid will accumulate at the

FIGURE 8
Production curve of well Ning209-X.

FIGURE 9
Production process of well Ning209-X.
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bottom of the well, so the production can be replaced by the
plunger lift.

When the gas well produces more water and the energy of the
gas well is not enough to discharge the accumulated liquid in
time, the production of the gas well will gradually decline, and the
gas well often enters the “④” stage, which requires gas lift
recovery. The high-pressure natural gas is injected into the gas
well through the compressor to improve the GLR and gas flow
speed in the gas well, increase the liquid carrying capacity of the
gas, discharge the accumulated liquid and restore the production
capacity.

When the energy of the gas well decreases rapidly and the well-
bottom flow pressure cannot meet the transmission demand, the gas
well will enter the “⑤” stage, requiring a long shut-in period to
achieve periodic liquid drainage production. When the well-bottom
flow pressure is balanced with the static pressure, or when the
wellhead pressure returns to a certain value, the well will be opened
again for production.

5 Conclusion

(1) It is very difficult to backflow a large amount of fracturing liquid
after volumetric fracturing of shale gas reservoirs. In order to
effectively drain liquid accumulated in shale gas wells,
Changning shale gas field has initially formed a shale gas
well deliqufication process system represented by plunger lift,
optimizing pipe string, gas lift, foam drainage and intermittent
production.

(2) Based on the deliqufication process system of Changning shale
gas field, this paper establishes an optimization chart of
deliqufication process for shale gas wells, and provides the
application limits of plunger lift, optimizing pipe string, gas
lift, foam drainage and intermittent production.

(3) This method was applied in Well Ning 209-X, where an
optimization chart of deliqufication process was developed
based on the production characteristics of the gas well. The
optimization chart realizes quantitatively preferred
deliqufication process, effectively guides the production of
gas wells, timely adjusts the appropriate drainage gas
extraction process, and improves the recovery rate of the gas
field.
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