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Abstract: Kazakhstan has abundant resources of low-permeability oil reservoirs, among which
the KKM low-permeability oil reservoir has geological reserves of 3844 x 10* t and a determined
recoverable reserve of 1670 x 10* t. However, the water flooding efficiency is only 68%, and the
recovery efficiency is as low as 32%. The development of the reservoir faces challenges such as water
injection difficulties and low oil production from wells. In order to further improve the oil recovery
rate of this reservoir, our team developed micro-pressure-driven development technology based
on pressure-driven techniques by integrating theories of fluid mechanics and artificial intelligence.
We also combined this with subsequent artificial lift schemes, resulting in a complete set of micro-
pressure-driven process technology. The predicted results indicate that after implementing micro-
pressure-driven techniques, a single well group in the KKM oilfield can achieve a daily oil production
increase of 32.08 t, demonstrating a good development effect.

Keywords: low-permeability reservoir; micro-pressure drive development technology; artificial
intelligence; artificial lift

1. Introduction

During the exploitation of low-permeability reservoirs, due to their characteristics of
low porosity, low permeability, and high flow resistance, the field exhibits low production
and rapid decline, leading to the existence of a large number of dead oil zones [1,2]. The
traditional approach to addressing this issue is hydraulic fracturing, which involves fractur-
ing the near-wellbore formation to generate numerous artificial fractures and improve the
flow performance in that area. However, hydraulic fracturing technology is only effective
in the short term and often results in severe water flooding due to communication between
natural and artificial fractures in the formation [3].

In recent years, a new pressure-driven process has emerged based on hydraulic
fracturing technology. The core of the pressure-driven displacement process involves
injecting a large amount of water into the formation for a short period at a pressure higher
than the formation’s fracture pressure. This process forcefully opens natural cracks in
the formation and creates a large number of long fractures, thereby improving the flow
capacity of injected water and increasing its spread coefficient. However, the disadvantage
of this process is that large-scale water injection can easily form preferential channels and
cause local “short circuits”. In response to the related shortcomings of the pressure-driven
displacement process, our team overcame these issues by combining artificial intelligence
and plugging technology to develop a micro-pressure-driven displacement process. This
process involves finely tuned water injection with a pressure slightly lower than the
fracture pressure of the formation, which helps to avoid the formation of preferential
channels within the formation. Ultimately, a large number of complex and interlaced
three-dimensional networks of micro-fractures are formed.

In 2016, Ding Zupeng and others [4] proposed the optimal fracture aperture limit for
water flooding based on their study of the fluid flow characteristics in fractured reservoirs.
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The authors analyzed the flow characteristics of micro-fractures and large fractures in a dual-
porosity medium. In 2022, Guo Jianchun and others [5] reviewed the progress of tight oil
pressure-driven technology in China and divided the process into four stages: Fracturing-
Imbibition, Imbibition-Displacement, Fracturing-Energy Storage, Oil displacement-Soaking
Well. They also proposed the future direction of pressure-driven development for low-
permeability reservoirs, emphasizing the integration of geology and engineering research,
and further theoretical research to guide practical application. In the same year, Liu Yikun
et al. [6] simulated the pressure-driven process for low-permeability reservoirs using
laboratory experiments. The results showed that pressure-driven injection directly into the
deep formation has the effect of increasing the sweep efficiency and improving oil recovery.
The final increase in recovery is related to the degree of reservoir depletion, with more
severe depletion resulting in a larger sweep volume and a more significant improvement
in oil recovery. In 2023, Zhang Huali et al. [7] established a CMG numerical model for
low-permeability reservoirs and used numerical simulation to optimize pressure-driven
parameters, including injection timing, injection volume, and the injection—production ratio.
That same year, Xu Dongjin et al. [8] conducted a survey of pressure-driven implementation
cases in different areas, such as Shengli Oilfield and Daqing Oilfield in China, summarizing
the characteristics of current pressure-driven technology in China. They also analyzed and
compared the differences between conventional hydraulic fracturing and pressure-driven
technologies and predicted the future development trends of pressure-driven technology.

In 2023, Cui Chuanzhi et al. [9] analyzed the influence of pressure-driven water
injection on induced fracture propagation and the impact on injection well pressure from
the perspective of crack extension. The study showed that increasing the injection rate leads
to more significant crack propagation. In the same year, Sang Congyu and Wang Peng [10],
based on an analysis of the pressure-driven mechanism, used numerical simulation to
study the impact of extreme permeability contrast and well spacing in the well network
on the effectiveness of pressure-driven techniques. The results indicated that cracks, well
spacing, and extreme permeability contrast all have a significant impact on pressure-driven
technology. Therefore, it is necessary to consider various factors comprehensively in
pressure-driven design to ensure the best sweep efficiency and oil displacement efficiency.

In 2023, Cai Xinming et al. [11] conducted a study on the feasibility of pressure-driven
processes for low-permeability reservoirs in Jiangsu Oilfield, focusing on the characteristics
of low permeability and complex fault blocks in the H59 area. Using numerical simulation
techniques, they found that the application of pressure-driven processes in the H59 area
can significantly improve well productivity, demonstrating the potential of pressure-driven
techniques in low-permeability reservoirs in Jiangsu Oilfield.

In the same year, Yang Yong et al. [12] summarized the understanding of pressure-
driven development techniques in Shengli Oilfield, which is known for its abundant low-
permeability reservoirs. Since 2020, pressure-driven techniques have been implemented
in 450 well groups in Shengli Oilfield. The authors analyzed the adaptability of pressure-
driven techniques, the implementation process of on-site pressure-driven operations, and
summarized the understanding of pressure-driven processes. They also systematically
analyzed the pressure-driven production mechanisms in low-permeability reservoirs in
Shengli Oilfield from experimental and numerical modeling perspectives and provided
optimization suggestions for future pressure-driven techniques in Shengli Oilfield. These
studies have significant implications for the development of low-permeability reservoirs in
Shengli Oilfield.

Currently, the development of low-permeability reservoirs is still in the stage of
pressure-driven techniques. Pressure-driven techniques have certain positive implications
for the development of low-permeability reservoirs. However, pressure-driven techniques
require high-pressure injection beyond the formation’s fracturing pressure conditions,
which makes them prone to channeling. This leads to the formation of numerous prefer-
ential pathways underground, where injected water directly enters the wells, limiting the
ability to improve the water flooding sweep efficiency.
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Building upon pressure-driven technology, our team successfully developed a micro-
pressure-driven development technique by integrating the principles of flow mechanics and
artificial intelligence (Al). This micro-pressure displacement technique utilizes big data and
machine learning methods to analyze formation water injection data and self-learn. It no
longer relies on manual experience for adjusting water injection and profile control schemes,
but instead employs intelligent-assisted optimization algorithms to achieve precise control
of water injection, ultimately creating a large interconnected network of micro-fracture
networks within the formation. Taking the KKM oilfield as an example, we established a
set of supporting techniques for micro-pressure-driven operations.

The actual process of micro-pressure driving is a long and complex one. Underground
conditions are diverse and ever-changing, and pressure control is a key factor. On the one
hand, it is necessary to control the injection pressure so that it does not exceed the rock’s
fracturing pressure. On the other hand, the injection pressure must be as close to the rock’s
fracturing pressure as possible. Therefore, this process is difficult to control manually and
requires the assistance of AL

First, it is necessary to input the fracturing construction data of other wells in the
same area into the Al to allow it to self-learn and understand the fracturing characteristics
of different rock formations in the area. When micro-pressure driving begins, only an
initial value of micro-fracture pressure of the rock needs to be given to the Al This value
is calculated manually based on the fracturing construction curve. The AI will combine
this value with its self-learning results to determine a more accurate range of micro-
fracture pressure. Then, instructions are sent to the water injection pump to start micro-
pressure driving.

If, at a certain moment during actual injection, the injection process becomes difficult,
the Al controller will adaptively increase the injection pressure and provide timely feedback
to the water injection pump. Conversely, if the flow rate suddenly increases during water
injection, and the concentration of tracer at a certain water well suddenly increases, the
Al will immediately make a judgment based on the real-time feedback data from the site
to determine whether the formation has been breached. If the Al identifies the presence
of a high-permeability channel within the formation, it will immediately instruct the
water injection pump to stop micro-pressure driving and instead proceed with sealing
the formation.

This process continues iteratively, and eventually, the Al will be able to determine the
precise range of micro-pressure driving pressure values based on its learning results and
guide the completion of micro-pressure driving work.

2. Material and Methods
2.1. Evaluation of Water Drive Development Effect

The KKM oilfield is located in the Mangystau Region of western Kazakhstan, in the
northeastern part of the Caspian Sea. It is approximately 360 km away from the city of
Aktau. The field is situated in the central part of the North Ustyurt Basin and covers an oil-
bearing area of 64.8 km?. The oil-bearing formation belongs to the Middle to Upper Jurassic
system of the Mesozoic era. The current recovery factor is 20.03%, and the remaining
recoverable reserves are estimated to be 887.08 x 10* m?.

The overall structural configuration of the oilfield is characterized by a long-axis
anticline with a near-east-west orientation. The structure is relatively simple, with low
amplitude and strong inheritance. Natural fractures are not well-developed, and the
reservoir exhibits a transitional marine-continental facies. It is a system that operates under
normal temperature and pressure conditions. The reservoir has a porosity ranging from
13.5 to 17.8% and a permeability ranging from 3.1 mD to 14.3 mD, indicating that it is a
low-porosity and low-permeability oil reservoir.

Since its inception, the KKM oilfield has been developed using conventional water
flooding techniques. Injection pressures have been kept below the formation fracturing
pressure. Due to the low porosity and permeability of the reservoir, water injection has
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been a challenge. Acid fracturing has been employed to enhance the water injection process.
However, field experience has shown that acid fracturing is only effective during the first
three months, and later on, production can only be maintained through repeated fracturing.

To evaluate the effect of water injection development that has been implemented, we
calculated the relationship between the degree of oil recovery and water cut in the oilfield,
as well as the relationship between the theoretical and actual changes in water cut for the
entire oilfield. We also studied the relationship between the theoretical and actual changes
in water saturation over time.

We calculated the relationship between recovery degree and water content, as shown
in Formula (1).

=75(Eg — 1) +1.69 (1)
w
where f, is the water content of the reservoir, %; 7 is the recovery rate of the reservoir, %;
and Ey, is the degree of recovery of the reservoir.
The calculation results of the relationship between oil reservoir recovery degree and

water content are shown in Figure 1.
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Figure 1. Recovery rate and water content curve.

The calculation of the water cut rise rate curve was performed as follows. Firstly, the
actual water cut rise rate was defined as the percentage of water cut increase for every 1%
decrease in geological reserves, as shown in Formula (2).

_ f 2~ f 1 o
m= R,—R: X 1% )
where m is the actual water content increase rate, %; f; is the water content in the early
stage of mining, %; f» is the water content in the late stage of mining, %; R; is the degree
of extraction in the early stage of mining, %; and R; is the degree of extraction in the late
stage of mining, %.

The calculation method for the theoretical increase in water content is shown in

Formula (3).

n=(fo— fu?)x17.27 ®G)

where 7 is the theoretical water content increase rate, %.
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The calculation result is shown in Figure 2. Next, we calculated the water storage rate.
The calculation method for the actual water storage rate is shown in Formula (4).

(Wr — Wp)

Es = W 4)

where Eg is the actual water storage rate, %; W; is the cumulative amount of water injected,
m3; and Wp is the cumulative amount of water produced, mS3.
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Figure 2. Water content and water rise curve.

The theoretical water storage rate calculation method is shown in Formula (5).

fow
Eg/r=1-—
S axBy,+ax(B,—1) % fyu ©®)

where Eg’ is the theoretical water storage rate, %; a is the ratio of the volume of injected
water to the volume of produced liquid, dimensionless; and By is the volume coefficient of
crude oil, dimensionless.

The calculation results are shown in Figure 3.
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Figure 3. Storage rate variation curve.

From Figure 1, it can be seen that the water cut and oil recovery curve of the KKM
oilfield is located in the theoretical curve area of a 30% oil recovery rate, close to the curve
of a 25% oil recovery rate, and deviates from the block-calibrated oil recovery rate of 34.9%,
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indicating that the development situation is gradually getting worse. From Figure 2, it
can be seen that the actual water cut increase rate curve fluctuates within the theoretical
range, and the overall water cut situation in the oilfield matches the predicted results. From
Figure 3, it can be seen that the rate of decline in the oilfield’s water storage rate is relatively
fast, indicating a decrease in the utilization rate of injected water.

Based on the results in Figures 1-3, currently, the conventional water injection devel-
opment of the KKM oilfield is becoming less effective, while there is a large amount of
remaining recoverable reserves in the field. Therefore, it is necessary to carry out pilot
testing of micro-pressure-driven technology. On the one hand, it can supplement the energy
of the formation, and on the other hand, it can also improve the injection water sweep
efficiency, ultimately improving the oil recovery rate of the reservoir.

2.2. Theoretical Mechanism

In low-permeability reservoirs, there exists a starting pressure gradient in fluid flow,
as shown in Figure 4. The fluid at point b begins to flow, which is the minimum starting
pressure gradient; point c is the quasi-starting pressure gradient, and point b is the critical
pressure gradient. When the reservoir pressure gradient is higher than point d, the fluid in
the reservoir truly has fluidity, and the flow law also returns to a straight Darcy flow. When
the pressure gradient reaches point a, the flow of micro-pressure displacement truly begins,
as there are numerous micro-fracture networks inside the reservoir during micro-pressure
displacement. Therefore, the flow of micro-pressure displacement is linear Darcy flow.
However, due to the difference between micro-fracture networks and conventional large
fractures, there exists a point of initiation pressure gradient in micro-pressure displacement
flow, referred to as point a.

Micro-pressure drive flow

!

Darcy flow

~N

non-darcy flow

Figure 4. Comparison chart of flow rate curves.

The core concept of micro-pressure displacement flow involves injecting water into
the reservoir at or near the rock’s micro-fracture pressure, which maintains the formation
in a state of micro-cracking. This technique involves the precise sealing of already formed
communication fractures and subsequently conducting water injection under micro-fracture
pressure followed by repeating the process to form a three-dimensional network of micro-
cracks in the reservoir. The fluctuation range of injection pressure and the timing of fracture
sealing are intelligently controlled by artificial intelligence software (V1.0).

Specifically, the process involves maintaining the water injection pressure slightly
below the formation fracturing pressure while adding oil displacement agents and tracer
agents to the injected water. The water injection volume is closely monitored. If the Al
software detects a sudden increase in water injection volume at a certain moment and
observes a sudden increase in concentration at the wellhead of a particular oil well, the
software will automatically analyze the situation. If the software determines that there is a
breakthrough channel in the formation and water is rapidly advancing along this channel,
it will immediately send a command to stop water injection. Based on the location and
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concentration of the tracer agent, the software determines the position and volume of
the high-permeability channel and promptly injects a sealing agent to block the channel.
After the sealing process is completed, fine-tuned water injection is resumed, and the
cycle continues until a large number of intertwined and complex micro-crack networks are
formed in the reservoir.

By utilizing artificial intelligence algorithms, an piece of intelligent software is devel-
oped to automatically control the fluctuation range of water injection pressure and closely
monitor the water injection flow rate after the initial determination of the formation’s micro-
fracture pressure. Additionally, sensors are installed at the wellhead of the water well
to promptly transmit tracer agent signals to the intelligent software, enabling intelligent
control during the micro-pressure displacement process.

Once a large number of micro-fractures are formed within the formation, the fluid flow
within the formation no longer exhibits the curved segments of non-Darcy flow as depicted
in points b, ¢, and d in Figure 4. This is because the complex network of intersecting
micro-fractures replaces these segments. The fluid flow within the formation significantly
improves due to the presence of these numerous and intricate micro-fractures. However,
under such conditions, the flow curve does not follow the straight line passing through the
circular point as shown in Figure 4 for Darcy flow. Instead, the actual flow behavior is a
linear flow that lies between the two types of flow.

We must clarify that the injection of oil displacement agents during micro-pressure
drive is not a necessary factor. The experimental results for oil recovery efficiency in
different types of reservoirs are shown in Table 1 and Figure 5. In the figure, “TUO3-8"
represents a high-permeability reservoir, while “FAN31,” “HE143,” and “YI118-8” represent
typical low-permeability reservoirs.

Table 1. Comparison of oil displacement efficiency in different types of reservoirs.

Reservoir Type Well Name Permeability/10—3 um?  Oil Displacement Efficiency/%
High-permeability reservoir TUO3-8 1060 61
Thin interlayer low-permeability reservoir FAN31 1 58
Lens-shaped rock low-permeability reservoir HE143 27 60
Thick-layer structural low-permeability reservoir YI118-8 45 73
1200 1 80
* 4 S
1000 | 70 B
2 160 5
- Q
:i 800 1 50 %
E 600 | 440 §
<
: :
E 400 | 13 E
& {20%
200 | =
1 10 3
0 0

TUO3-8 FAN31 HE143 YI118-8

m il displacement efficiency ¢ Permeability

Figure 5. Comparison chart of oil displacement efficiency.

From Figure 5, it can be observed that in low-permeability reservoirs, the areas af-
fected by water injection exhibit oil recovery efficiency comparable to or even higher than
that of high-permeability reservoirs. Therefore, for the development of low-permeability
reservoirs, the key lies in improving the spreading coefficient of injected water. Whether
or not to add oil displacement agents to the water should be determined on site based on
budget considerations.
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2.3. Theory Comparison

The theory of micro-pressure drive is developed based on the theory of pressure
displacement, but they have essential differences. The theory of micro-pressure drive
draws on the advantages of pressure displacement while integrating artificial intelligence
technology to avoid the drawback of pressure displacement creating high-permeability
channels in the formation. Specifically, pressure displacement involves injecting water at
a high flow rate above the rock fracture pressure, which quickly replenishes formation
energy and enhances well productivity. However, its drawback is the potential formation
of high-permeability channels, as shown in Figure 6, where the red part represents high
permeability channels. On the other hand, the theory of micro-pressure drive emphasizes
injecting water near the micro-fracture pressure of the formation. Through the control of
intelligent software, the injection pressure is always kept below the formation fracture
pressure, maintaining the formation in a state of micro-fracturing. Precise deep plugging
is implemented to seal partially formed communicating fractures. Subsequently, water
injection under micro-fracture pressure is repeated in a cyclic manner, ultimately creating
a large number of three-dimensional micro-fracture networks within the formation, as
illustrated in Figure 7.

Figure 6. The cracks in pressure-driven processes.

Figure 7. The micro-crack network in micro-pressure-driven processes.

3. Results

We designed a pilot test plan for micro-pressure drive in the KKM oilfield based on
the specific conditions of the field. The plan included well and layer selection, engineering
design, and follow-up artificial lift plans.

3.1. Well and Layer Selection

Well and layer selection are the basis of micro-pressure drive, and the well selection
plan directly affects the final development effect. Therefore, the micro-pressure displace-
ment technology has high requirements for well and layer selection. Specifically, well and
layer selection is based on the following factors:

(1) A large distance from the fault to the target layer, and the target layer needs to have
a certain thickness and rich remaining oil accumulation in the well group or operating area;

(2) Well groups with well-connected sand bodies and relatively complete injection-
production systems;

(3) Reservoirs with poor physical properties, low formation energy, and slow energy
recovery rates in segments where injection is ineffective and production is limited;
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(4) The surface water injection pipeline is sound, and the water injection wells have
high-pressure injection conditions at the wellhead.

The X well group in the KKM oilfield consists of one water injection well (a) and four
oil production wells (b, ¢, d, e), with two primary production wells (b, ¢) and two secondary
production wells (d, e). The geological reserves of the well group are 63.3 x 10* t, with
cumulative oil production of 14.6 x 10* t and a recovery rate of 23.1%. Since production
commencement, the total water injection volume is 29.1 x 10* m3 and the cumulative liquid
production is 48.1 x 10* m3. The formation pressure drop is 5.7 MPa, with 23.2 x 10* m3
of formation water invasion and a formation deficit of 16.4 x 10* m3, indicating a severe
deficit issue.

The well group is connected by sand bodies and is characterized as a barrier island
deposition type. The reservoir has a permeability of 10 mD and a porosity of 15%, indicating
that it is a low-permeability and -porosity reservoir. Currently, the water injection rate is
20 m3/d, and there are difficulties in achieving effective water injection.

Based on numerical simulation methods, a study was conducted on the remaining
oil reserves in the well group. The results, as shown in Figure 8, indicate that there is
abundant remaining oil between the wells in the well group, suggesting a promising
production potential. The calculation was carried out using Tnavigator software (V22.1).
The product of geological reserves and recovery rate is defined as recoverable reserves.
Subtracting the already extracted reserves from the recoverable reserves gives the remaining
recoverable reserves.

1154 98627

866.23970

57749313

288.74657

0.00000

Figure 8. Remaining oil reserves of the reservoir group.

Further calculation of the remaining oil reserves in the well group is shown in Table 2.

Table 2. Remaining oil reserves of the well group.

Original Geological Recovery Factor/% Remaining Oil Geological Remaining Recoverable
Reserves/10% t y ’ Reserves/10% t Reserves/10% t
63.3 23.1 48.7 4.4

From Table 2, it can be seen that the well group has abundant remaining oil reserves,
making it suitable for conducting a pilot test of micro-pressure displacement.

3.2. Scheme Design

To determine the micro-fracturing pressure of the formation, a small-scale fracturing
test should be conducted on Well a. The results are shown in Figure 9. Figure 9 shows the
actual fracturing construction curve, with the red line representing the variation in wellhead
pressure of well a during the fracturing process. The curve exhibits significant fluctuations
in the early stages, followed by a rapid increase, and later stabilizes in the region, indicating
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that there was a brief buildup of pressure in the formation at the beginning of the fracturing
process, after which the formation ruptured, and the fractures began to propagate, resulting
in a stabilized pressure. From Figure 9, it can be observed that the pressure of the fracturing
operation curve initially increases abruptly, then stabilizes, and eventually decreases. By
examining a small interval just before the sudden increase in the fracturing operation curve,
it can be inferred that the wellhead pressure during micro-fracturing in Well a is between
39 and 40 MPa.

—Surface Pressure (atm) ——Surface Prop Conc (kg/m*)
——Downhole Prop Conc (kg/m®)
—— Slurry Rate (m*/min)
—— Clean Rate (m*/min) 1200

12

600

500

900
400 ] ?

600

(atm)

ﬁf\ 300
100 3

0 0 20 30 0 50 60 70 800
Time (min)

Figure 9. The hydraulic fracturing construction curve for well a.

Therefore, it can be calculated that when micro-fracturing occurs in the formation of
Well a, the wellhead pressure is between 39 and 40 MPa. To ensure safety, the calculation
was conducted using a maximum wellhead pressure limit of 40 MPa.

Further calculations were conducted to determine the formation pressure during
micro-fracturing in Well a, and the results are shown in Figure 10. The calculation was
carried out using pipesim software (2017.1).

Pressure/MPa

30 40 50 60 70
0 * T T T

-500
-1000
-1500 F
-2000
-2500

Well depth/m

-3000 -

Figure 10. The pressure distribution curve inside wellbore a.

From Figure 10, it can be observed that the formation pressure during micro-fracturing
in Well a is 65.25 MPa.

The pressure loss along the 2600 m well depth was calculated, and the results are
shown in Figure 11. The calculation was carried out using pipesim software.

From Figure 11, it can be observed that when the inner diameter of the tubing is greater
than 62 mm, the pressure loss along the well depth tends to be consistent. Therefore, it
can be preliminarily determined that the inner diameter of the water injection tubing for
micro-pressure driving is 62 mm.
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9000 — Q=5m*/min

8000 | — Q=10m3/min
7000 —Q=15m3/min
6000
5000 |
4000 r
3000 F
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Figure 11. Pressure loss along the wellbore of well a.
Furthermore, we calculated the pressure distribution along the column for different

flow rates of a 62 mm pipe, as shown in Figure 12. The calculation was carried out using
pipesim software.

Pressure/MPa
30 40 50 60 70
O T T 1
500 F \
g -1000 |
e
o
5 -1500
= —8—Q=1000m*/d
(]
2 2000 Q=800m*/d
Q=1200m?/d
2500 | Q=1500m?/d
3000 L

Figure 12. Pressure distribution inside the water injection string with an inner column diameter of
62 mm.

From Figure 12, it can be seen that the greater the flow rate, the greater the pressure
loss along the column and the lower the bottomhole pressure. The selection of the pipe
material should consider the bottomhole compressive strength under low flow conditions.

On the other hand, when the flow rate is too large, it can cause erosion of the pipe
material. Therefore, the selection of the oil tubing size should consider the constraint effect
of the erosion flow rate. We calculated the erosion rate for different flow rates and column
diameters, as shown in Figures 13 and 14.

The calculation adopted the Hagen—Poiseuille equation.

From Figure 13, it can be seen that the 62 mm inner diameter column has good erosion
resistance when the daily injection volume is 500 m?, but it needs to be replaced when the
daily injection volume reaches 800 m3.

From Figure 14, it can be seen that when the column is replaced with one with an
inner diameter of 76 mm, the erosion resistance is significantly improved. This is because
the overall principle of micro-pressure drive is to control the injection pressure within the
micro-cracking pressure interval without limiting the displacement. Therefore, if the daily
injection flow rate reaches 800 m3, the injection column should be replaced with one with
an inner diameter of 76 mm.
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Erosion rate ratio
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Figure 13. Rate ratio of pipe erosion with an inner column diameter of 62 mm.
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Figure 14. Rate ratio of pipe erosion with an inner column diameter of 76 mm.

After the completion of micro-pressure drive, the formation energy is sufficient, and
there will be a short period of self-flow during well opening. After the self-flow stops, it is
advisable to use electric submersible pumps for production lifting. After a certain period of
production, it is recommended to replace the artificial lifting method with a belt-driven
pumping unit to meet the artificial lifting requirements in the KKM oilfield.

4. Discussion

Based on the formation conditions and water influx index of the well group, assuming
constant formation pressure, the daily water injection volume of the well group can be
predicted under different bottomhole pressure conditions, as shown in Figure 15.

From Figure 15, it can be seen that under the condition of no crossflow channels in
the formation, the water injection at the micro-cracking pressure can theoretically predict a
daily water injection volume of up to 186 m? for the well group.

According to the predicted water injection volume, the relative oil recovery index
and relative water recovery index of the well group were calculated by means of reservoir
numerical simulation, as shown in Figure 16.

Figure 17 shows a comparison of individual well production rates for the well group
at different time periods. From Figures 16 and 17, it can be observed that during the initial
production period, the average daily liquid production per well of the well group was
61.7 m3/d, with a daily oil production of 44.35 m?/d, water cut of 28.1%, and a relative
liquid index of 1.02. Currently, the water cut of the well group has increased to 82%, with a
relative liquid index of 1.45. Compared to the initial production period, the liquid index
has increased by 1.4 times. Therefore, after the implementation of micro-pressure drive,
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with sufficient reservoir energy post-implementation, the liquid production can increase to
1.4 times the initial production rate, reaching 86.38 m?/d. Calculated based on the current
82% water cut, the individual well oil production would be 15.45 m3/d. This is an increase
of 8.02 m3/d compared to the current individual well oil production of 7.43 m3/d. With a
total of four producing wells in the well group, the overall oil production of the well group
would increase by 32.08 m3/d.

200
180 F
160 |
140 F
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60 |
40 F
20 F
0 L — L L L )
15 25 35 45 55 65 75
P, /MPa

Figure 15. Daily water injection volume of the well group.
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Figure 16. Relative liquid recovery and oil recovery index.
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Figure 17. Comparison of production in different periods.
Assuming a production rate of 0.9 during oilfield production and an effective period

of 2 years, it can be concluded that the cumulative o0il production of the well group can
reach 21,076 m3, indicating very good economic benefits.
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5. Conclusions

(1) The KKM oilfield in Kazakhstan has abundant low-permeability reserves but low
development utilization, difficulties in water injection well operation, and severe energy
deficiency.

(2) Traditional pressure-driven processes are prone to crossflow in the formation.
Based on pressure-driven technology, our team has successfully developed micro-pressure-
driven development technology by integrating theories of fluid mechanics and artificial
intelligence. We have also improved the pilot test plan for micro-pressure-driven techniques,
providing a foundation for subsequent artificial lift schemes.

(3) The predicted results indicate that after implementing micro-pressure-driven tech-
niques, a single well group in the KKM oilfield can achieve a daily oil production increase
of 32.08 t, demonstrating very promising application prospects.
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