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ABSTRACT

Tight oil reservoirs face significant challenges, including rapid production decline, low recovery rates, and a lack
of effective energy replenishment methods. In this study, a novel development model is proposed, based on
inter-fracture injection following volumetric fracturing and relying on a high-temperature and high-pressure
large-scale physical simulation system. Additionally, the CMG (Computer Modelling Group Ltd., Calgary City,
Canada) software is also used to elucidate the impact of various single factors on the production of horizontal
wells while filtering out the interference of others. The effects of fracture spacing, fracture half-length, and the
injection-production ratio are studied. Results indicate that under rejection pressures of 6.89, 3.45, and
1.88 MPa, the times to establish stable flow are 50, 193, and 395 min, respectively. Higher injection pressures
lead to an increased oil recovery efficiency, with the highest observed efficiency at 16.93%. This indicates that,
compared with conventional medium and high permeability reservoirs, tight oil reservoirs exhibit similar pore
throats and larger capillary forces when oil and water flow in both phases. Higher pressures reduce capillary
forces, displacing more oil droplets, thus enhancing oil recovery efficiency. Moreover, under inter-fracture dis-
placement conditions, the pressure gradient at both the injection and production ends remain consistent, with
minimal pressure loss near the wellbore. This feature ensures that the crude oil in the middle of the reservoir
also possesses displacement energy, thereby enhancing overall crude oil displacement efficiency.
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1 Introduction

The exploration and development of unconventional oil and gas resources, including tight oil and gas,
shale oil and gas, and more, have significantly impacted the global energy landscape [1–3]. Tight oil, as
defined by the National Energy Administration, is stored in reservoirs such as dense sandstone and
carbonate rock, with an overlying matrix permeability of ≤0.1 × 10−3 μm2 [4]. In China, tight oil reserves
are abundant, primarily located in the Ordos Basin, Songliao Basin, Junggar Basin, Sichuan Basin, and
others [5–8].
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Currently, the development of tight oil reservoirs primarily relies on volumetric fracturing horizontal
well technology. This method, which operates primarily on depletion (quasi-natural energy), faces
significant challenges, including rapidly decreasing production capacity and the lack of an effective
energy replenishment method [9–12]. There are many techniques for supplementing energy with tight oil
reservoirs [13,14]. Moreover, researchers have investigated various energy replenishment techniques, such
as water injection, gas injection, huff-n-puff, and surfactant injection, enhancing the efficient development
of tight oil reservoirs [15–18]. However, due to the extremely small throat sizes of <1 μm, the
development process is characterized by significant capillary forces, inhibiting oil extraction [19].
Additionally, the presence of microfractures in tight oil reservoirs poses a risk of water channeling during
water injection development [20]. Furthermore, for huff and puff development, water injection requires
high rock wettability, typically necessitating hydrophilic reservoir rocks. Moreover, the effectiveness of
water and gas injection in enhancing recovery diminishes after three rounds [21,22]. Therefore, new
development approaches must be explored to enhance the recovery of tight reservoirs.

In North America, the development of tight reservoirs is managed by increasing the horizontal section
length of horizontal wells and employing small well spacing to achieve efficient scale development [23].
Conversely, the Changqing field in the Ordos Basin of China is less suited to small well spacing
development due to reservoir abundance, rock brittleness, and other factors [24]. Therefore, after
volumetric fracturing of tight reservoirs, if fractures are detected by downhole intelligent devices, inter-
fracture injection is utilized to address the energy replenishment issue, thus achieving a corresponding
effect to reducing well spacing [25]. Various inter-fracture displacement methods have been defined,
including horizontal well co-injection and recovery, line injection and recovery, heterogeneous well
injection and recovery, as well as fracture-to-fracture injection and recovery [26–28]. The primary
objective is to perform inter-fracture injection and recovery using fracture-to-fracture techniques to
minimize the injection and recovery distance, effectively overcoming the tight reservoir initiation pressure
gradient, and replenishing formation energy to enhance recovery. To address these challenges, this study
proposed a novel development model utilizing inter-fracture injection. It established a physical simulation
method for inter-fracture injection and production employing high-temperature and high-pressure large-
scale physical simulation systems. Furthermore, upon selecting outcrop rock samples from the Ordos
Basin, a target research block was created, corresponding to flat plate models (size 50 cm × 40 cm ×
3 cm). The process involved cutting the injection and extraction fractures, arranging pressure
measurement points, and studying the seepage mechanism of the saturated oil model under bound water
conditions at various injection pressures during inter-fracture injection and production. Additionally, using
the reservoir numerical simulation technology, the study elucidated the influence of fracture length,
injection-production ratio, and fracture spacing on inter-fracture injection and production. The study
offered a basis for the development of tight reservoirs and proposed a new approach for inter-fracture
displacement in tight oil reservoirs.

2 Experimental Sections

2.1 Physical Simulation Model
Generally, since oil and water coexist in geological formations during the development of inter-fracture

injection and production in volumetric fractured horizontal wells in tight reservoirs, it is necessary to
consider the influence of bound water in the physical simulation study. This ensured that the indoor
physical simulation more accurately reflects field development practices.

Given the field site data from two horizontal wells spaced 200 m apart, and considering factors such as
injection and production fracture spacing, number of fractures, and geometric similarity, the experimental
model was designed (Fig. 1a). The model includes three fractures: two for water injection and one central
fracture for oil recovery (Fig. 1b), representing the horizontal well inter-fracture injection and production
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unit method. The artificial fracture width was 0.5 mm, filled with 120–140 mesh quartz sand to simulate
uniform fracture distribution in the reservoir.

The schematic diagram of the simulation model is shown in Fig. 1. The thick black line indicates the
horizontal wellbore, the blue line indicates the injection fracture, the middle red fracture indicates the oil
recovery fracture, and the yellow dots indicate pressure monitoring points. To compare the effects of
different repulsion pressures on the development process of injection between fractures in volumetric
fractured horizontal wells containing bound water, production characteristic curves were analyzed.
Pressure field changes at different moments for repulsion pressures were 6.89, 3.45, and 1.88 MPa. The
experiment employed outcrop flat cores of dense sandstone with dimensions of 50 cm in length, 40 cm in
width, and 3 cm in height, with an oil saturation of 43.94% under bound water conditions (Table 1).

2.2 Experimental Procedure
This study employed a high-temperature and high-pressure large-scale physical simulation experimental

system, designed and developed internally (Fig. 2). The experimental procedure for simulating volumetric
fracturing of horizontal wells in tight reservoirs under bound water conditions with different injection
pressures is as follows: Initially, prepare the experimental model using an outcrop plate according to the
relevant process. This was achieved by cutting three fractures with a length of 48 cm using a wireline
cutter. Subsequently, the fracture was dried and filled with sand, encapsulating the molded outcrop plate
model [30]. Next, the bound water saturation was established. Finally, waterflooding experiments at
different pressures using the large-scale physical simulation experiment system were conducted.

Figure 1: Experimental model diagram of inter-fracture injection and production under bound water at
different pressures from reference [29]. (a) Model diagram of inter-fracture injection and production. (b)
Unit of inter-fracture injection and production. Copyright © 2023, AIP Publishing

Table 1: Comparison of different injection pressures in different wells through inter-fracture injection and
production

Experiment serial
number

Fractures
length/cm

Fractures
interval/cm

Porosity/
%

Permeability/
10−3 μm2

Displacement
pressure/MPa

5040011 46 18 10.5 0.451 6.89

5040012 46 18 10.5 0.451 3.45

5040013 46 18 10.5 0.451 1.88
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3 Results and Discussion

3.1 Production Characteristics
The variation of displacement pressure significantly impacts inter-fracture injection and production. To

analyze this, other factors remain unchanged, excluding the displacement pressure, examining its impact on
inter-fracture injection and production. Furthermore, employing a high-temperature and high-pressure large-
scale physical simulation system, physical simulations on tight oil volumetric fractured horizontal wells with
different injection pressures were conducted. These simulations provided insights into production
characteristics such as oil production, fluid production, injection volume, production rate, water content,
and drive efficiency. In this study, physical simulations of intersegmental displacement were conducted at
different injection pressures (6.89, 3.45, and 1.88 MPa), resulting in three sets of intersegmental
displacement production profiles.

Figs. 3–5 show the production characteristic curves under injection pressures of 6.89, 3.45, and
1.88 MPa, respectively. The cumulative oil production stopped increasing after 124 min (Fig. 3a), 306 min
(Fig. 4a), and 596 min (Fig. 5a), respectively. Higher repulsion pressure corresponded to a shorter oil
production period during inter-fracture repulsion injection development. Similarly, the cumulative oil
production at 6.89, 3.45, and 1.88 MPa increased with increasing injection multiplier (PV), which stopped
after 0.264 PV (Fig. 3b), 0.199 PV (Fig. 4b), and 0.185 PV (Fig. 5b), respectively. Additionally, the
water-free oil recovery period was 48, 192, and 396 min for the three displacement pressures, indicating a
slower flow process and longer water-free recovery period with decreasing displacement pressure.

It was observed that the fluid production and oil production curves during inter-fracture injection and
production in volumetric fractured horizontal wells of tight reservoirs decreased rapidly, corresponding to
a power function decay (Figs. 3c, 4c, 5c). Furthermore, at a displacement pressure of 6.89 MPa, the oil
production curve decreased from the initial 5.26 to 0.90 mL/min at 48 min, with an 82.29% decline. The
oil recovery curve decreased from 2.00 to 0.10 mL/min at 396 min, and the displacement pressure was
1.88 MPa with a 95.00% decline. Additionally, the water content in the model exhibited a rapidly
increasing trend upon commencement of water production, with the final water content exceeding 90%
(Figs. 3d, 4d, 5d).

Figure 2: Schematic diagram of large-scale physical experiment system from reference [30], Copyright ©
2021, AIP Publishing
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Figure 3: Waterflooding development characteristics at 6.89 MPa through inter-fracture injection and
production. (a) The relationship between cumulative production and time. (b) The relationship between
cumulative production and PV. (c) The relationship between production rate and time. (d) Displacement
efficiency, water content and time relationship

Figure 4: Waterflooding development characteristics at 3.45 MPa through inter-fracture injection and
production. (a) The relationship between cumulative production and time. (b) The relationship between
cumulative production and PV. (c) The relationship between production rate and time. (d) Displacement
efficiency, water content and time relationship
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Given the development of inter-fracture injection and production in horizontal wells of tight reservoirs,
reducing injection pressure inhibited the flow process and prolonged the water-free recovery period. The oil
repelling efficiency was 16.93%, 16.09%, and 15.98% for repulsion pressures of 6.89, 3.45, and 1.88 MPa,
respectively, with an average of 16.33%. The slight decrease in oil repelling efficiency with lower injection
pressure was primarily attributable to the small pore throat of tight reservoirs and relatively large capillary
force during oil and water flow phases (Fig. 6). In higher permeability reservoirs, higher pressure reduced
capillary forces, thereby enhancing oil repelling efficiency. However, in practical tight reservoir
development, the repelling pressure should not exceed the rupture pressure of reservoir rocks to prevent
the formation of a dominant water injection channel, which can reduce efficiency.

3.2 Pressure Variation Analysis
In the high-temperature and high-pressure large-scale physical simulation experimental system, pressure

monitoring during the inter-fracture injection and production in volumetric fractured horizontal wells of tight
reservoirs were achieved through strategically placed pressure measurement points and sensors on the
encapsulated model. This setup allowed for the observation of pressure variations at different repulsion
times, and the pressure dynamics were plotted using the Surfer software based on the coordinates of the
deployment points (Fig. 1b).

In Figs. 7–9, it was observed that injecting simulated formation water at different pressures established
an effective repulsion system and formed a linear injection and extraction pattern. As injection time
increased, the pressure at both ends of the injected fracture uniformly propagated toward the extraction
fracture end, evenly forming a stable flow. Conversely, as injection pressure decreased, the time required
to form this stable flow increased. The formation times for stable flow at three different pressures of 6.89,

Figure 5: Waterflooding development characteristics at 1.88 MPa through inter-fracture injection and
production. (a) The relationship between cumulative production and time. (b) The relationship between
cumulative production and PV. (c) The relationship between production rate and time. (d) Displacement
efficiency, water content and time relationship
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3.45, and 1.88 MPa, were 50, 193, and 395 min, respectively. Inter-fracture displacement water repellency
process in tight reservoir volume fractured horizontal wells effectively established a repulsion system.
Furthermore, with the progression of inter-fracture displacement water injection, the pressure at both ends
of the injection fracture uniformly advanced toward the extraction fracture end, forming a linear recovery
mode. This mode transitions from the traditional dotted injection approach in walls to an efficient linear
injection system.

The pressure measurement points numbered 1, 3, 2, 6, 23, 25, and 28 in the model shown in Fig. 1b are
referred to as the first row of pressure points. The pressure distribution characteristics at different rows were
plotted based on these points. Figs. 10–12 illustrate the pressure distribution at both ends of the injected
fracture from various positions along the extracted fracture. At the onset of repulsion (0 min), the
pressure throughout the model was in equilibrium, indicating consistent distribution. As inter-fracture
repulsion injection progressed in volumetric fractured horizontal wells of tight reservoirs, the pressure
decreased over time.

In the initial stage of line injection and production water flooding in tight reservoirs, flow resistance was
primarily encountered at the oil–waterfront and the water-swept area, owing to the high-pressure difference
and flow rate at the injection end. The friction and other factors at the far end of the horizontal resulted in a
lower water injection flow rate, facilitating lateral imbibition and resistance formation. Line injection and
production in tight reservoirs shortened the percolation distance of oil and water to less than injection-
production well row spacing by narrowing the injection-production unit distance. This effectively reduced
the starting pressure gradient. Additionally, oil and water exhibited linear flow between injection and
production fractures, which significantly reduced percolation resistance, increased the displacement range,
formed an effective displacement system, and ultimately enhanced oil recovery. Simultaneously, during
the water flooding process, both a displacement-dominant swept area and an imbibition-dominant swept
area were formed. In tight oil reservoirs, the high displacement front velocity and strong scouring effect
resulted in less dispersed phase distribution. On both sides, the slower displacement rate and weaker
scour effect led to the formation of extensive dispersed phases due to imbibition. The dispersed phase at
the front increased displacement pressure gradually, while the dispersed phase on the sides limited lateral
expansion of water injection. This phenomenon limited the effectiveness of the water flooding process,

Figure 6: Comparison of oil displacement efficiency at different pressures during waterflooding through
inter-fracture injection and production
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eventually reaching a steady percolation state. To enhance oil recovery in later stages, interfacial resistance
was eliminated through approaches such as refracturing or the use of appropriate chemicals.

Figure 7: Pressure cloud diagram of the water flooding process in inter-fracture injection and production at
6.89 MPa

Figure 8: (Continued)
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Specifically, when the displacement pressure was 6.89 MPa, the pressure at 6.7 cm from the injection
fracture was 2.62 MPa at 2 min, with a decrease of 61.9%. At 13.4 cm from the injection fracture, the
pressure was 1.25 MPa, with a decrease of 81.9% (Fig. 10). Furthermore, when the repulsion pressure
was 3.45 MPa at 2 min, the pressure at 6.7 cm from the injection fracture was 1.68 MPa, with a decrease
of 51.3%. At 13.4 cm from the injection fracture, the pressure was 0.89 MPa, with a decrease of 74.2%
(Fig. 11). When the repulsion pressure was 1.88 MPa, the pressure at 6.7 cm from the injection fracture

Figure 8: Pressure cloud diagram of the water flooding process in inter-fracture injection and production at
3.45 MPa

Figure 9: Pressure cloud diagram of the water flooding process in inter-fracture injection and production at
1.88 MPa

FDMP, 2025, vol.21, no.2 435



was 0.97 MPa, with a decrease of 48.4%. At 13.4 cm from the injection fracture, the pressure was 0.58 MPa,
with a decrease of 69.1% after 2 min (Fig. 12). The resistance to the development of inter-fracture injection
and production in volume fractured horizontal wells in tight reservoirs was primarily concentrated at the
leading edge of the water drive. Higher repulsion pressure enhanced the ability to overcome the
resistance at the leading edge of the water drive.

3.3 CMG Numerical Simulation
Reservoir numerical simulation technology is widely employed in the development of tight oil reservoirs

due to its strong comparability and controllable conditions. CMG reservoir numerical simulation software
has a wide range of applications. To elucidate the impact of various single factors on the production of
horizontal wells and eliminate the interference of other factors, the CMG reservoir numerical simulation
software was employed. Initially, the research was conducted using a homogeneous numerical model. The
model consists of one production well and one waterflooding well, featuring five fracturing segments
with staggered fractures evenly spaced (Fig. 13).

The model includes 40, 21, and 5 grids in the I, J, and K directions, respectively, totaling 4200 grids. The
basic parameters of the homogeneous model are presented in Table 2.

Figure 10: Pressure changes at different positions under 6.89 MPa of inter-fracture injection and production

Figure 11: Pressure changes at different positions under 3.45 MPa of inter-fracture injection and production
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Before the analysis of relevant influencing factors, a basic model was established as a reference. The
model utilized the geological parameters in Table 2 as the basic calculation parameters without
incorporating various influencing factors. The reference model was then compared with models that
include various influencing factors. Subsequently, it assessed the impact of factors such as fracturing
scale, fracture diversion capacity, injection-production ratio on the effectiveness of inter-fracture

Figure 12: Pressure changes at different positions under 1.88 MPa of inter-fracture injection and production

Figure 13: Numerical simulation model for inter-fracture injection and production

Table 2: Basic geological parameters

Parameters Value

Porosity, % 17.7

Matrix permeability, mD 0.1

Oil layer thickness, m 15

Horizontal interval length, m 1600

Initial reservoir pressure, MPa 16

Fracture width, cm 1

Half-length of fracture, m 150

Fracture permeability, mD 300
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displacement development. The average permeability of the reservoir was 0.1 mD, the half-length of the
fracture was 150 m, the fracture conductivity was 300 mD˙cm, and the injection-production ratio was 1:1.

The water injection rate for the basic model was 100 m3/day, and the production well was constrained to
a liquid production rate of 100 m3/day. The model predicts a production time of 20 years. The basic model
simulation results are shown in Fig. 14.

To study the comprehensive effects of the injection-production ratio, fracture spacing, and fracture half-
length on the displacement results between horizontal wells, multiple new simulation schemes were designed
based on a basic scheme. The injection-production ratios tested were 0.8:1, 1.2:1, and 1.4:1. The fracture
spacing were 100, 150, and 200 m, and the fracture half-lengths were 50, 100, 150, and 175 m.

In Fig. 15, it was observed that when the injection-production ratio was 0.8:1, the fractures half-length
significantly impacted cumulative oil production. Specifically, cumulative oil production increased with the
fracture half-length. As the fracture spacing increased, cumulative oil production also increased, peaking at a
fracture half-length of 175 m, and a fracture spacing of 100 m. At an injection-production ratio of 1:1 and a
half-length of <100 m, cumulative oil production increased with fracture spacing. However, for a fracture
half-length of 175 m, cumulative oil production decreased with increasing fracture spacing. The optimal
fracture spacing was 150 m when the fracture half-length was constant. The highest cumulative oil
production occurred with a fracture half-length of 175 m and a fracture spacing of 100–150 m.
Furthermore, when the injection-production ratio was 1.2:1 and fracture spacing was constant, cumulative
oil production increased with fracture half-length. At a fracture half-length of <100 m, both fracture
spacing and cumulative oil production increased. The recovery degree increased at a fracture spacing of
150 m. At an injection-production ratio of 1.4:1, the trends correlated with those of 1.2:1. Additionally,
when the fracture half-length was ≥150 m and the fracture spacing was 150 m, the cumulative oil
production increased.

In Fig. 16, it was observed that the pressure distribution at the injection and production ends was linear,
differing significantly from the pressure drop funnel distribution seen in conventional vertical wells. Near the
production end, the pressure distribution was similar to that of a pressure drop funnel. This phenomenon
indicated that under inter-fracture displacement conditions, the pressure gradient at both the injection and

Figure 14: Basic model simulation results
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production ends was consistent, with minimal pressure loss near the wellbore. This feature ensured that crude
oil in the middle of the reservoir maintained similar displacement energy to the injected/produced crude oil,
enhancing crude oil displacement efficiency.
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Figure 15: Accumulated oil production under different injection-production ratios. (a) Fracture half-length
of 50 m. (b) Fracture half-length of 100 m. (c) Fracture half-length of 150 m. (d) Fracture half-length of
175 m

Figure 16: (Continued)
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In Fig. 17, it was observed that the oil saturation distribution at the injection and production ends formed
an arch. Closer to the injection end, the oil saturation distribution was lower. However, within the reservoir
(>10 m away from the injection/production end), oil saturation remained relatively consistent, indicating that
displacement efficiency was not significantly affected by distance. This consistency correlated with the
aforementioned pressure distribution trends at the injection/production ends. Hence, the pressure gradient
inside the reservoir remained unchanged, and oil displacement efficiency was maintained. In comparison
with conventional vertical well injection and production, inter-fracture displacement exhibited excellent
oil displacement efficiency. Additionally, the low oil saturation (10%) at the injection/production ends
was attributable to the low residual oil saturation in the fractures and adjacent areas.

Figure 16: Prediction of formation pressure distribution at the injection and production ends of the middle
section of the fracture at the end of the prediction period (fracture half-length of 150 m). (a) Injection-
production ratio of 0.8:1. (b) Injection-production ratio of 1:1. (c) Injection-production ratio of 1.2:1. (d)
Injection-production ratio of 1.4:1

Figure 17: Oil saturation distribution curve at the injection and production ends of the middle section of the
predicted fracture at the end of the period (fracture-half length of 150 m). (a) Injection-production ratio of 0.8:1.
(b) Injection-production ratio of 1:1. (c) Injection-production ratio of 1.2:1. (d) Injection-production ratio of 1.4:1
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3.4 Seepage Mechanism and Field Application Analysis in Oilfield
Under the development mode of inter-fracture injection and production for volumetric fractured

horizontal wells in tight reservoirs, water injection, and oil recovery through fractures established an
effective displacement system and replenished energy, thereby increasing the recovery rate. Furthermore,
during the process of oil–water seepage, before the effective displacement system was established, the
flow resistance was primarily concentrated at the oil–water leading edge and water wave area, owing to
the high-pressure difference and flow velocity at the injection end. The lower flow velocity at the distal
horizontal end, owing to friction and other factors, facilitated lateral seepage and increased resistance.
After establishing the effective displacement system, the oil–water seepage channel was formed, and
resistance gradually extended toward the extraction fracture area. The higher the pressure of inter-fracture
displacement water injection process, the more reduced the capillary resistance, replacing more oil
droplets, and enhancing the recovery rate of tight oil reservoirs without resulting in water fracture
Additionally, the pressure conductivity at 6.7 cm from the injected fracture was 61.9%, 51.3%, and
48.4% for three different repellant pressures at 2 min of repellant. The differences of 10.6 and
13.5 percentage points in the pressure transfer range indicated that higher repellency pressure achieved
larger pressure transfer for inter-fracture injection and production development.

From the field side, Liu and other scholars selected the southern part of Z288 well as the test area for
horizontal well line injection and extraction (inter-fracture displacement) replenishment development for
the Heshui oilfield in the Ordos Basin. They formulated development technology policies such as well
spacing, section spacing, horizontal section length, and water injection volume according to the fracture
morphology and reservoir characteristics [31]. The initial daily oil production of the GP78-77 test well
was 8.0 t with a water content of 42.0%. The daily oil production in the 12th month was 5.4 t, and the
water content was 33.2%, leading to a 32.5% decrease in the first year. Two comparable horizontal wells
in the area produced 8.2 t of oil per day initially with a water content rate of 39.3%. Subsequently, 5.0 t
of oil per day in the 12th month, with a water content rate of 25.6%, resulted in a 39.0% decrease in the
first year. Therefore, compared with the conventional five-point well network, the first-year decline of the
inter-fracture drive test well was 6.5%, indicating that inter-fracture drive technology enhanced water
drive effects, achieving effective energy supplementation, and controlling reservoir decline in ultra-low
permeability reservoirs. Wang et al. studied and analyzed synchronous injection and production of
horizontal wells in the ultra-low permeability sandstone reservoir of the Changqing Oilfield in the Ordos
Basin. They selected well CP14-01 in Block Y284, where microfractures were relatively undeveloped,
determining the reasonable injection pressure to be 10 MPa [32]. After inter-fracture displacement
became effective, the daily oil production per well was 2.55 t. Furthermore, following the field test, the
average daily fluid production increased from 3.1 to 5.3 m3 before the test, and daily oil production
increased from 2.1 to 4.0 t. The water cut decreased significantly, and the production was relatively
stable. This method can be applied for developing low permeability tight reservoirs.

Finally, field test results indicated that the inter-fracture injection and production method for volumetric
fractured horizontal wells effectively increased single-well productions and reduced decline rates. This
method also yielded ideal economic benefits, making it valuable for replenishing low permeability tight
reservoirs.

4 Conclusions

(1) A physical simulation experiment was established to study the development of inter-fracture
injection and production in horizontal wells of tight oil reservoirs under different injection pressures.

(2) Volume fracturing of tight reservoirs with inter-fracture injection and production between horizontal
wells reduced the distance between injection and extraction units, reducing seepage resistance, and
establishing an effective displacement system. In comparison with conventional medium and high
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permeability reservoirs, higher pressure resulted in reduced capillary force without resulting in water
fracture. Additionally, higher displacement pressure increased pressure transfer for inter-fracture
displacement water injection development, thus expanding the wave and enhancing oil recovery efficiency.

(3) A numerical simulation model for inter-fracture displacement was established. The effects of fracture
spacing, half-length, and the injection-production ratio on inter-fracture injection production were analyzed.
Under inter-fracture displacement conditions, the pressure gradient at the injection and production ends
remained consistent, and there was no significant pressure loss near the wellbore. This ensured that the
crude oil in the middle of the reservoir exhibited displacement energy, which corresponded to the
injected/produced crude oil, thereby enhancing the efficiency of crude oil displacement.
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