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The shale gas well station plays a critical role in the extraction of shale gas, and its
safety status exerts significant influence not only on shale gas production but also
on the ecological balance of the surrounding environment. To investigate the
response characteristics of the shale gas well station under the impact of tailings
dam failure debris flow, a comprehensive analysis was conducted using a
combination of physical modeling and numerical simulation. The analysis
focused on the dynamic inundation process and the impact siltation law
caused by the downstream flow of tailings dam failure debris at the shale gas
well station. The depth of inundation and the extent of siltation damage were
employed as key parameters for characterization. Experimental findings revealed
that the downstream mudflow inundation process could be divided into three
distinct stages: rapid increase (0–60 s), steady increase (60–106 s), and slow
advance (106–250 s). The pattern of mudflow siltation height variation at the
well station exhibited an initial rise, followed by a subsequent decline and eventual
stabilization. The highest siltation volumes recorded atmeasurement points A to D
were 4.4, 4, 5.2, and 6 m, respectively. Additionally, by employing computational
fluid dynamics, numerical calculations were performed under unprotected
conditions, with the error between the calculated conclusions and the test
results not exceeding 15%. Furthermore, the blocking effect of 8 and 16 m
debris flow blocking dam on the debris flow was thoroughly investigated. The
study demonstrated that the check dam with a height of 16 m yielded the most
effective blockage, resulting in the highest sediment siltation height of 0.4 m. The
research results provide some reference for the prevention and control of debris
flow disasters.
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1 Introduction

Shale gas, as a distinct energy source characterized by properties such as low density,
high pressure, volatility, flammability, and explosiveness, presents unique characteristics that
set it apart from petroleum. The establishment and safe operation of shale gas well stations,
serving as extraction platforms, are frequently accompanied by intricate mudslide disasters.
These disasters pose a severe threat to both the operational integrity of the extraction
platforms and the safety of personnel involved (Dong et al., 2012). The formidable impact
inflicted by the mud-slide leads to extensive destruction of the wellsite’s infrastructure,
resulting in significant casualties and imposing immense pressure on both the safety and
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production of the wellsite (Cristo et al., 2022). In 2015, a catastrophic
dam failure occurred at the Fundão tailings pond in Brazil. This
event resulted in a massive mudslide triggered by approximately
80% of the stored tailings being released. The mudslide directly
impacted 806 downstream buildings, causing irreparable damage to
these structures and the surrounding towns (Carmo et al., 2017).
Moreover, the infiltration of mudflow and subsequent flooding of a
shale gas well station would result in significant losses for the
operating company. Therefore, investigating the mechanical
response characteristics of shale gas well stations to mudslide
disasters becomes an urgent and imperative task that demands
immediate attention.

Scholars around the world have conducted extensive research on
debris flow hazards formed after tailings dam breaches and have
achieved many excellent results. Yu et al. (2020) introduced a novel
approach to investigate the flow characteristics of outburst debris
flow. They proposed a newmethod that combines 3Dmodeling with
computational fluid dynamics (CFD) and applied it to a real-life
scenario of dam-breaking debris flow. Wang et al. (2022) conducted
a model test under intense rainfall conditions to investigate the
formation conditions of tailings dam outburst debris flow. Through
their study, they concluded that different rainfall amounts result in
varying degrees of roof damage in tailings dams. Concha and Lall
(2018) introduced a statistical model capable of predicting the
distance of mudflow propagation based on the discharged
volume of mudflow. This model serves as a theoretical reference
for implementing downstream safety protection measures. Wang
et al. (2018) conducted a study where they utilized satellite remote
sensing Digital Surface Model (DSM) in combination with the
meshless Smoothed Particle Hydrodynamics (SPH) method. They
employed 3D spatially realistic numerical modeling tools to
compare the computational findings with the observed
evolutionary paths of mudslide downdrafts from physical
modeling experiments and a real case of dam breakage. Jing et al.
(2019a) performed a detailed analysis of dam failure through a
model test, focusing on the failure width. They developed a
prediction model for the width of tailings dam failure,
considering the number of reinforcing layers. This model
accurately predicted the discharge flow rate based on variations
in the failure width. Wang et al. (2017) conducted a flood simulation
test to predict underflow and investigate the impact of rainfall on the
infiltration line. They also summarized the relationship between the
infiltration line and dam failure, establishing its governing laws.
Chen et al. (2022; 2023) conducted research on the reinforcement
methods of tailings dams. They studied the changes in underflow
flow patterns when the dam body breached and summarized the
evolution process of the breach. Additionally, they derived a model
to describe the changes in underflow mud and rock flow. Wu and
Qin, (2018) conducted a comparative study on the effectiveness of
protective measures by incorporating coarse particles into the
downstream dam body. The results demonstrated that the
addition of coarse particles to the downstream dam face
effectively reduced the flow rate, size, inundation area, and
tailings settlement associated with downstream debris flow. Jing
et al. (2019b) analyzed and summarized the correlation between
mud depth and tailings particle size at the breach section,
considering tailings particle size as a variable. They predicted and
derived the changes in the quantity of underflow mud and rock flow

based on their findings. Pirulli et al. (2017) integrated the flow
characteristics and rheo-logical properties of tailings dam outburst
debris flows. They utilized novel rheological combinations to predict
the evolution pattern of underflow debris flow. Li et al. (2022)
employed a finite element coupled discrete element approach to
predict the movement and downstream inundation range of
mudflow following a tailings dam failure. Wei et al. (2017)
conducted a study in which they considered the tailings slurry
concentration, downstream slope, and breach morphology as
variables. They investigated the flow characteristics of the debris
flow formed after the breach on a square flat plate and summarized
the governing flow patterns of the debris flow. Zhang et al. (2014)
conducted a mechanical study on the causes of tailings dam damage
at both the macro and fine scales by employing a coupling method of
finite element and discrete element phases. Their research provided
significant theoretical support for predicting outburst mudflow
events. Wang et al. (2019) conducted experiments with different
debris flow check dams and channel slope drop conditions. They
investigated the blocking effects of various check dams and slope
drops on the evolution of debris flow, as well as the patterns of
energy loss associated with these factors. Li et al. (2020) summarized
the three-dimensional spatial variation process of debris flow
following a tailings pond failure. They also made predictions
regarding the downstream impacts of debris flow resulting from
dam failure. Yuan et al. (2016) conducted a study focusing on the
composition of outburst mudflow. They analyzed the composition
and, based on their findings, established a three-dimensional fluid
model using Fluent software. With this model, they investigated the
motion and pressure distribution characteristics of the outburst
mudflow. Wang et al. (2021) developed an evaluation index for
classifying the hazard level of downstream buildings in the event of a
dam failure debris flow disaster. The evaluation conclusions derived
from their study exhibited a strong alignment with the conclusions
drawn from physical and numerical models. Yu et al. (2021)
developed a method by integrating a hydrodynamic model into a
virtual geographic environment system. This approach aimed to
establish a more accurate simulation of the flow field of mud and
rock during tailings pond breaches, particularly in complex
landscapes. The authors conducted simulations of actual dam
breach cases using this method. Ghahramani et al. (2020)
developed a novel diversion system to redirect the evolution path
of downstream debris flow resulting from tailings dam failure. They
independently calculated the inundation area downstream of the
tailings dam failure debris flow using remote sensing data.
Additionally, they introduced a new database comprising
33 instances of dam failure.

The previous research primarily focused on analyzing the
evolution process of individual tailing pond outburst mudflows,
with limited studies on the mechanical response of downstream
structures like shale gas well stations. To address this gap, this study
takes a small-scale model based on a shale gas well station in
Nanchuan, Chongqing, and investigates the extent of the disaster
caused by the outburst mudflow on the shale gas well station.
Additionally, the study aims to explore the mechanical response
characteristics of the shale gas well station to the mudflow and
examine the effectiveness of barricade dams in blocking the
mudflow. The research findings presented in this study provide
valuable insights for the prevention and mitigation of mudflow
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disasters impacting shale gas well stations and other structures.
These findings serve as a valuable reference for the development and
implementation of future mitigation measures.

2 Content and methods of testing

2.1 Similarity theory

The surrounding topography of the shale gas well station is
replicated in a reduced scale within a physical model, ensuring a
specified scale relationship. By employing the principles of similarity
theory, adherence to the prescribed scale relationship between the
prototype and physical model, in terms of their components and
physical quantities, enables accurate representation of the
prototype’s phenomena and essential characteristics during
testing. Table 1 provides an overview of the selected similarity
scale for the conducted experiments.

2.2 Testing of tailing sand samples

The test samples of tailing sand were obtained from a tailing
pond located in Nanchuan, Chongqing, China. To analyze the
particle size of the samples, a Winner 2008 laser particle sizer
was utilized. Figure 1 presents the results of the grading analysis
conducted on the tailings sand samples. In this test, the red mud

exhibited a median particle size (d50) of 5.1 μm. Other characteristic
particle sizes included 2.9 μm for d10, 3.6 μm for d30, 7.0 μm for
d90, and 5.6 μm for d60. The coefficient of inhomogeneity (Cu) was
measured as 1.76, while the coefficient of curvature (Cc) was found
to be 0.79. In order to select the appropriate model sand, a final
particle size analysis was performed to determine the average
particle size (d50) as a reference.

2.3 Physical model building

The tailings reservoir in the study area, as shown in Figures 2A,
B, is situated in a denuded valley within a medium-lowmountainous
region, exhibiting a relative height difference of 295 m between its
highest and lowest points. The geographic location benefits from
abundant precipitation, particularly during the rainy season from
May to September, which accounts for approximately 78% of the
annual rainfall. In the event of intense heavy rainfall, the tailings
dam is highly vulnerable to overtopping, dam bursting disasters, and
the consequent formation of mudslides that cascade downstream.
The prototype well station platform and the model of the upstream
tailings storage pile are depicted in Figure 2C. The actual dimensions
of the terrain encompass an area of 800 m × 536 m (length × width).
Scale modeling at 400:1 scale. The simulated test area takes the form
of an ‘L’ shape, with the tailings storage area situated in the
southeastern high-altitude region. The shale gas well station
platform is positioned approximately 300 m north of the tailings

TABLE 1 Summary of similarity scales.

Scale name Surface area Volumetric Times Flow rate Roughness factor

Proportional values 1.6 × 105 6.4 × 107 20 3.2×106 2.71

FIGURE 1
Tailings particle gradation curve.
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storage area. In this test, the mudflow direction at the well station is
southward. To facilitate measurements, four mud depth measuring
scales are pre-buried vertically at the southern edge of the well
station platform, as shown in Figure 2D. To ensure a com-parable
surface roughness in the physical model, a layer of cement mortar,
approximately 1–2 cm thick, is applied. Furthermore, anti-cracking
agents are incorporated into the concrete mixture to prevent cracks.
Following the application of the mortar, a maintenance period of
7 days is observed. This allows the cement mortar on the model’s
surface to attain optimal strength properties and controls the
occurrence of cracks.

2.4 Preparation of model sand

The test utilized fine fly ash as the chosen simulated sand due
to its numerous advantages, including a wide range of raw
material sources, stable physical and chemical properties, and
the absence of particle suspension during the flow process. The
dry bulk weight of the deposited ash samples varied between
7.1 and 9.9 kN/m3, remaining within the range of 6.2 kN/m3 to
11.8 kN/m3. Notably, the permeability coefficients of the majority
of domestic fly ash and tailing sand were similar, with the fine fly

ash exhibiting a permeability coefficient (k) of 10–4 cm/s (Jiang
et al., 2007). The particle size gradation of the fine fly ash is
illustrated in Figure 3. From the figure, it is evident that the

FIGURE 2
Physical Model Building. (A) Tailings liquefaction site within the tailings storage area in the study area, (B) Actual site topography of the tailings pond,
(C) Tailings dam and schematic physical model of shale gas well station location, (D) Schematic of themud depthmeasurement scale on the south side of
the well station.

FIGURE 3
Fine fly ash particle gradation curve.

Frontiers in Earth Science frontiersin.org04

Chen et al. 10.3389/feart.2023.1297133

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1297133


median particle size of the fine fly ash in this test ranges from
approximately 0.065 to 0.005 mm.

2.5 Numerical simulation

To facilitate a comprehensive comparison and validation of the
experimental results, numerical computations utilizing
computational fluid dynamics (CFD) methods were conducted to
analyze the mudflows originating from tailing ponds and their

subsequent impacts on downstream shale gas well stations. This
approach aimed to enhance the accuracy of the conclusions drawn
from the study. The numerical model consists of a total of
8.45 million grids, and the computational time is set to 240 s. As
the experiment involves the coupling of water flow and sediment,
four computational models, namely, gravity, scouring, viscous, and
turbulence, are selected for the calculations. The average particle size
of the tailing sand is determined through indoor testing, and the
particle size analysis reveals that the median particle size (d50) of the
red mud in this experiment is 0.0051 mm. According to the Design

FIGURE 4
Experimental effects of inundation of well stations by outburst mudslides. (A) 20 s into the experiment, (B) 35 s into the experiment, (C) 40 s into the
experiment, (D) 50 s into the experiment, (E) 60 s into the experiment, (F) 106 s into the experiment, (G) 250 s into the experiment.
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Code for Tailings Facilities (GB50863-2013), when the particle size
of tailing sand exceeds 0.074 mm and constitutes more than 85% of
the total weight, it is classified as tailing fine sand. The average
accumulation dry density of the tailings is considered to be
1,450 kg/m3.

3 Analysis of test results

3.1 The law of submerged range of
debris flow

In this test, the primary objective is to analyze the trend of the
inundation range of the debris flow as it reaches the well station. To
facilitate this analysis, the inundation area of the well station in the
model test is converted to a similar scale using ImageJ software. This
conversion process involves repeated observations of the mudflow
movement process within the model test well station. Meanwhile,
For the modeling tests, the slurry concentration was referenced to
the concentration of tailings slurry discharged from mining
companies, and the slurry concentration was set at 50%.

As depicted in Figure 4 (see below), when the time (T) reaches
20 s, the entire downstream area becomes flooded, covering an area
of 51,040 m2. As T reaches 35 s, the discharged mudflow rapidly
descends and splits into three tributaries due to the low-lying terrain
at the valley mouth in the southwest direction of the tailing pond.
The mudflow in this direction exhibits the fastest evolution, and the
first tributary to reach the shale gas well station is in the southeast
direction. By the time T reaches 50 s, the mudflow in the northeast
direction commences flooding the well station, engulfing most of its
facilities and equipment. The total flooded area expands to
84,640 m2, with the well station alone covering 2,720 m2. At
T=60 s, the mudflow at the well station merges with the river
mudflow, causing a sudden increase in inundation. The flooded

area in the downstream region reaches 89,920 m2, with the well
station accounting for 4,320 m2. Continuing the progression, at
T=106 s, the flooded area in the downstream region continues to
expand, encompassing 108,000 m2, while the well station is
inundated by 5,600 m2. The flow of mud ceases at T=250 s,
resulting in a final inundation area of 112,042 m2, with the well
station being submerged by 5,780 m2.

As illustrated in Figure 5 (refer to the figure below), the process
of mudflow scouring the well station downstream can be divided
into three stages. During the initial stage (0–60 s), the inundation
range of the mudflow experiences a rapid increase. This can be
attributed to the high potential energy of the mudflow itself, which
quickly transforms into a destructive force. Additionally, the unique
geomorphological features of the region contribute to the
mudflow’s strong discharge capacity. The second stage
(60–106 s) is characterized by a steady increase in the
inundation range of the mudflow. This can be attributed to the
relatively flat topography of the shale gas well station, allowing for
greater flow through the cross-section and resulting in the spread of
the mudflow. Factors such as internal resistance and energy loss
within the mudflow, coupled with reduced discharge from the
reservoir during the first wave of the flood peak, contribute to
insufficient energy replenishment. The third stage (106–250 s) is
the slow flow stage of the mudflow inundation area. During this
stage, the presence of the drilling platform and well station impedes
the evolution of the mudflow, causing the downstream tailings to
accumulate around the well station, thereby reducing the
movement speed of the mudflow. Additionally, the depletion of
mudflow sources in the upstream tailings reservoir leads to a
cessation of impact from the majority of the mudflow
downstream, resulting in a stabilized inundation area and
ultimately bringing the impact to a halt. By comparing and
verifying the numerical calculation results at various time points,
the obtained conclusions align more closely with the model test.

FIGURE 5
Time-varying curves of inundation extent of outburst mudslides.
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3.2 Debris flow deposition height law

The test involved the measurement of the variation in
inundation depth caused by the debris flow reaching the well
station. This was achieved through the utilization of a pre-
embedded mud depth collection column and a high-speed
camera. Figure 6 presents the recorded data of the inundation

depth (it should be noted that the data in the figure were not
converted using the similarity ratio). The initial measurement point,
corresponding to the arrival of the mudflow at the well station, was
observed at the 35th second following the failure of the tailing dam.

As depicted in Figure 7, significant fluctuations in the mudflow
sediment depth over time were observed at four measuring points
(A, B, C, and D) near the downstream shale gas well station.

Measuring Point A: Located in the direction of the well station
leaning against the mountain and closest to the reservoir area, this
point has a steeper slope. When the mudflow reaches measuring
point A at the 67th second, the siltation rapidly rises, reaching a
maximum depth of 4.4 m at the 84th second. Subsequently, the
mudflow at measuring point A maintains a peak flow rate until
approximately the 146th second. Afterward, the siltation height
gradually decreases but maintains a slow downward trend.

Measuring Point B: The mud and gravel flow reaches its first
peak at the 46th second, resulting in an instant increase in sediment
siltation height at measuring point B. The siltation depth reaches
4 m by the 53rd second. Following this, the siltation height stabilizes
to some extent. However, due to the well station’s obstruction of the
mud and gravel flow, continuous accumulation occurs, leading to a
second peak of 4.8 m at the 74th second.

Measuring Points C and D: These points exhibit a similar
pattern of water level distribution as measuring point B. At the
40th second, both measuring points reach a maximum value of
5.2 m and 6 m, respectively. Afterwards, the water levels rapidly
decrease to 2.8 m and 3 m and continue to gradually decrease until
they stabilize.

FIGURE 6
Mudslide siltation height test at well station gauging points. (A) 35 s into the experiment, (B) 85 s into the experiment, (C) 135 s into the experiment.

FIGURE 7
Mud depth variation curves at well station monitoring points.
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The variation in mud depth at the measurement point of the well
station can be divided into two distinct phases. The first phase is
characterized by a rapid increase in the siltation height, primarily
attributed to the substantial volume of discharged mudflow and its
high flow velocity. The second phase represents a gradual decline in
the discharged mudflow volume over time. The topography and
presence of the well station act as obstacles, resulting in a gradual
reduction in sediment deposition. The final submerged depth of the
debris flow at each measuring point following the collapse exhibits
considerable randomness and non-uniformity. This can be
attributed to variations in terrain features, valley morphology,
slope characteristics, and cross-sectional area along the path of
mudflow discharge. These factors contribute to variations in the
velocity and direction of the mudflow, which continues to descend
after passing the well station situated on the hillside. Furthermore,
the sediment-carrying nature of the mudflow and its discharge
velocity play crucial roles in determining the distribution of
tailing sand. The distribution of tailing sand significantly impacts
the overall scenario and its implications in the study.

The test was conducted using an instantaneous routing mode,
wherein the flow of the mudflow is constrained by the total volume
of mudflow after routing. As a result, as the flow velocity decreases,
the mudflow gradually dissipates its kinetic energy, resulting in a
reduction of its potential impact energy. This phenomenon
subsequently leads to the deposition of sediment particles within
the river channel.

Table 2, provided below, demonstrates the validation effect by
comparing the results of the model test with the conclusions drawn
from numerical simulation calculations. The errors at measuring
points A, B, C, and D are 2%, 6%, 15%, and 11%, respectively. These
results indicate a good similarity between the numerical simulation
and the model test.

Given the comprehensive coverage and significant impact of the
debris flow on the well station, as revealed through the analysis
conducted, it becomes imperative to implement preventive
measures aimed at mitigating the effects of debris flow on the
well station.

4 Blocking effect of dam on debris flow

Tomitigate the impact and inundation effects of mudflow on the
well station, gravity check dams were implemented in conjunction
with the actual engineering site. These dams were designed to
intercept the discharged mudflow and allow the settling of tailing
sand, thereby reducing the damage caused by the mudflow to the

well station. Based on investigations, it was found that setting a
debris flow blocking dam at the entrance of the downstream canyon
can attenuate the potential energy impact of the mudflow to a certain
extent (Banihabib and Forghani, 2017).

In the test area, the valley takes the form of a U-shaped open
area. In consideration of safety, effectiveness, and construction costs,
the design of the debris flow blocking dam incorporated two specific
heights, namely, 8 and 16 m. In the absence of a dam, the well station
experienced flooding frommudslides in the southeast and southwest
directions. As a result, the No.1 damwas positioned 160 m southeast
of the well station, and the No.2 dam was situated 200 m southwest
of the reservoir at the valley mouth.

Two sets of working conditions were established for the test. In
Working Condition 1, the first barrier dam had a height of 2 cm and
a width of 6 cm (equivalent to an on-site height of 8 m and a width of
24 m), while the second barrier dam had a height of 2 cm and a
width of 8 cm (equivalent to an on-site height of 8 m and a width of
32 m). In Case 2, the height of the barrier dams was increased to
4 cm (equivalent to an on-site height of 16 m). The barrier moldings
were constructed using cement and secured to the ground with
expansion bolts.

4.1 8-M debris flow blocking dam

Table 3 provides information regarding the time delay observed
at the well station’s measurement point after implementing the 8-m
debris flow blocking dam. The presence of the blocking dam causes
varying degrees of delay in the mudflow reaching the measurement
point. A comparison between the no dam mode and the 8-m debris
flow blocking dam mode reveals time differences in mudflow
inundation at the well station. These time differences are 13, 4,
20, and 20 s for each respective measurement point. Furthermore,
there is a 4-s time difference between the two modes in terms of
mudflow movement to measurement point B. This time difference
gradually increases, indicating that the dam not only slows down the
mudflow from the tailing dam failure, but also delays its arrival at the
measurement points.

The time of arrival at different measurement points is
correspondingly slowed down in the presence of the debris flow
blocking dam. Moreover, there is a significant difference in the time
it takes for the mudflow to reach the highest inundation depth between
the two modes. This difference amounts to 16, 46, 56, and 16 s for the
respective measurement points. These findings demonstrate that the
presence of the debris flow blocking dam significantly prolongs the time
it takes for the mudflow to reach its peak depth.

TABLE 2 Comparison of maximum inundation depth results for numerical simulations and model tests at characteristic moments.

Measurement point Maximum depth of inundation (m) Inaccuracies/%

Model test Numerical simulation

A 4.4 4.31 2

B 4.8 5.12 6

C 5.2 6.14 15

D 6 5.4 11
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Figure 8 illustrates the relationship between mud depth and time
at the monitoring point of the 8-m debris flow blocking dam. The
following observations can be made:

At measuring point A, the mudflow reached the location at the
80th second. The water level rose rapidly, and the siltation height
peaked at 0.72 m by the 100th second. Subsequently, the sediment
siltation height gradually decreased and stabilized at 0.4 m.

Measuring point B experienced mudflow scouring starting from
the 50th second. The sediment siltation height reached 4 m by the
120th second. Afterward, the mudflow depth slowly decreased and
remained steady at 0.6 m by the 185th second.

Measuring point C reached its maximum sediment
accumulation height of 2.6 m in the 130s. It then experienced a
slight decrease in depth, rapidly dropping to 0.4 m by the 150th
second. The depth remained stable thereafter.

Measuring point D exhibited a similar sediment distribution
pattern to point C. The sediment depth reached amaximum of 1.6 m
by the 90th second. It then rapidly decreased for a certain period of
time, eventually stabilizing and decreasing slowly without further
significant changes.

After the aforementioned stabilization periods, the mudflow depth
continued to decrease gradually until no further changes were observed.

The numerical simulation of the mudflow inundation depth at
the well station of the 8-m debris flow blocking dam was analyzed by
considering the time as the zero moment from the occurrence of the
tailings pond failure (T = 0 s). The results of the analysis are
presented in Table 4.

The table shows the errors in the numerical simulation of the
highest inundation depths, expressed as percentages. The errors
were found to be 37%, 3%, 13%, and 2% for each respective
measurement point. These errors indicate the deviation between
the experimental and simulated results. However, overall, the
similarity between the experimental and simulation results
was good.

4.2 16-M debris flow blocking dam

Table 5 presents a comparison of the time taken for the mudflow
to reach the measurement point of the well station in two scenarios:
without a debris flow blocking dam (no dam) and with a 16-m debris
flow blocking dam. However, no data were collected at measurement
point D because no mudflow overflow was observed at that location
after increasing the height of the debris flow blocking dam.

TABLE 3 Comparison of the time for the mudflow to reach the key measurement point at the well station in the two models.

Measurement point Time required to reach the well station/s Time to maximum flooding depth/s

No barrier dam model 8 m barrier dam model No barrier dam model 8 m barrier dam model

A 67 80 84 100

B 46 50 74 120

C 40 60 74 130

D 40 60 74 90

FIGURE 8
Mud depth at 8 m dam well station monitoring point and clogging effect. (A) Curve of mud depth change at monitoring point of well station under
the action of 8m dam, (B) Sediment retention effect of 8 m dams.
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After raising the dam height to 16 m, the dam’s effect becomes
more significant. In terms of the time taken for the mudflow to reach
the downstream well station, there is a difference between the no
dam mode and the 16-m dam mode. The time differences between
these two modes are 68, 34, and 45 s for each respective
measurement point.

It can be observed that as the dam height increases, the time
required for the mudflow to reach the same measuring point at the
downstream well station and the maximum inundation depth at that
point also increase. Additionally, the maximum siltation height
decreases.

This phenomenon can be attributed to several factors. After the
mudflow passes through the debris flow blocking dam, the velocity
of the flow decreases, resulting in a reduction in mud content and
sediment volume. Consequently, at the same measurement point
downstream, the volume of sediment decreases.

Figure 9 illustrates the relationship between mud depth and time
at the monitoring point of the well station with a 16-m debris flow
blocking dam. The following observations can be made based on the
figure:

The mudflow reached the A measuring point at the 135th
second after the initiation of mudflow discharge. Subsequently,

TABLE 4 Comparison of maximum inundation depth results for numerical simulations and model tests at characteristic moments.

Measurement point Maximum depth of inundation (m) Inaccuracies/%

Model test of 8 m barrier dam Numerical simulation of 8 m barrier dam

A 0.72 1.16 37

B 1.92 1.99 3

C 2.6 2.3 13

D 1.6 1.57 2

TABLE 5 Comparison of the time for the mudflow to reach the key measurement point at the well station in the two models.

Measurement point Time required to reach the well station/s Time to maximum depth of flooding/s

No barrier dam model 16 m barrier dam model No barrier dam model 16 m barrier dam model

A 67 135 84 150

B 46 80 74 125

C 40 85 74 135

D 40 — 74 —

FIGURE 9
Mud depth at 16 m damwell station monitoring point and clogging effect. (A) Curve of mud depth change at monitoring point of well station under
the action of 16 m dam, (B) Sediment retention effect of 16 m dams.
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the height of sediment deposition remained constant at 0.4 m until
the movement ceased.

In comparison to the scenario without a dam, the mud depth at
the well station measuring point exhibits a smoother trend after the
16-m debris flow blocking dam is set. This can be attributed to the
longer and more gradual movement of the mudflow after it reaches
the well station. The presence of the debris flow blocking dam slows
down the forward motion of the mudflow, causing a delay in the
peak sediment depth. As the mudflow progresses, the sediment
depth gradually decreases and eventually stabilizes.

The arrangement of a barrier dam downstream of the tailings
storage in the canyon has a significant protective effect on the well
station area. By implementing an appropriate blocking method, the
damage caused by the mudflow to the well station area can be
effectively prevented. This approach maximizes the protection of
well station facilities and equipment.

The numerical simulation analysis of the debris flow inundation
depth at the well station of the 16-m debris flow blocking dam was
performed with the time recorded as 0 s from the start of the
downward discharge of the outburst debris flow (T = 0 s).

Table 6 presents the results of the numerical simulation,
indicating the errors in the highest inundation depth as a
percentage for each measurement point. The errors are found to
be 25%, 26%, 34%, and 2% for the respective measurement points.
These error values help validate the conclusions drawn from the
model test, demonstrating the effectiveness of the numerical
simulation.

5 Conclusion

This study centers on a shale gas well station situated in
Chongqing, with the primary objective of investigating the effects
of mudflow on the well station during a transient full depression
event in an upstream tailings pond. To achieve this objective, a series
of mudflow impact tests were conducted on the well station.
Furthermore, computational fluid dynamics (CFD) methods were
employed to perform numerical calculations at a 1:1 scale,
simulating the scenario. The simulation results were subsequently
validated by comparing them with the results obtained from the
physical model tests. The key findings derived from this study are as
follows.

(1) The scouring process induced by mudslides can be classified
into three distinct phases: a rapid growth phase (0–60 s), a
steady growth phase (60–106 s), and a slow advance phase
(106–250 s). The variation in mud depth at the shale gas well
station exhibited an initial rapid increase, followed by a gradual

decrease, ultimately reaching a stabilized state. The highest
recorded siltation heights at the four measuring points (A, B,
C, and D) were 4.4, 4, 5.2, and 6 m, respectively.

(2) Gravity debris flow dam exhibit notable effectiveness in
reducing the scouring depth and inundation range caused by
mudslides on the platform of the well station. Consequently, the
effects of an 8 m debris flow blocking dam and a 16 m blocking
dam were examined and compared. The experimental findings
clearly demonstrated that, at measurement point A, the 16 m
blocking dam effectively prolonged the mudflow scouring by
53 s in comparison to the 8 m blocking dam.Moreover, the peak
sediment siltation height at this particular point was reduced by
0.32 m. These results highlight the superior performance of the
16 m blocking dam compared to the 8 m blocking dam in terms
of delaying mudflow scouring.

(3) Through a comparative analysis of the model test and numerical
simulation, conclusions regarding the evolution pattern,
inundation range, and depth of the mudflow impact on the
oil and gas well station were drawn. The study reveals that the
numerical simulation results for the highest sediment
deposition height of the 8 m check dam deviated by 0.07 m
from the test conclusion, while the highest sediment deposition
height of the 16 m check dam differed by 0.29 m from the test
conclusion. The calculated error falls within an acceptable
range, indicating that both testing methods effectively
capture the response characteristics of the shale gas well
station to the mudflow impact.
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