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The stratum in Yunlong mountain area is unstable, and it is more likely to have
extreme damage to the mountain in extreme rainfall weather, and even cause the
occurrence of mountain disasters such as debris flow. This paper conducted field
geological surveys and used the FLO-2D professional simulation system to
scientifically evaluate the risk probability of three debris flow in Yunlong
County. The risk prediction before and after engineering control was
compared for the county’s urban areas.This paper uses construction drawings
and remote sensing images to assist in positioning methods for debris flow
simulation. After dividing the debris flow simulation grid, the control project is
added to the simulation project in the form of a plug-in, and specific engineering
parameters are imported into the simulation project file by modifying its
properties. The setting of the control project in numerical simulation is
completed, solving the problem of setting engineering measures. By this
method, the probability analysis of debris flow under three different rainfall
frequencies of 1%, 2% and 5%, namely once in 20 years, once in 50 years and
once in 100 years, is simulated, and the flow and sedimentation characteristics of
debris flow before and after engineering control are compared. The results show
that under 5% rainfall frequency, the simulated results before engineering control
were compared with the actual deposition range, and the evaluation accuracy is
within a reasonable error range. After debris flow engineering control, the
proportion of high risk areas of debris flow in urban areas decreased
significantly, especially when the frequency of rainfall was once in 100 years,
and the area of non-danger areas increased by 5.92% compared with that before
control. In the end, this paper combines the depth ofmud, the velocity of mud and
the outbreak frequency to get the debris flow risk assessment map before and
after engineering treatment, and puts forward suggestions for further prevention
and control measures of debris flow disaster. The research results of this paper will
provide good guidance for the occurrence and control of debris flow hazards
under the influence of extreme rainfall in the mountainous area of northern
Yunnan.
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1 Introduction

The northern Yunnan region of China is located near the
extinction boundary of the Eurasian Plate and the Indian Ocean
Plate, where faults are developed and the crusts are broken. In
addition, this region is one of the most seriously damaged areas in
China where debris flow is densely distributed, as well as one of the
most typical areas of debris flow activity in the world because of its
numerous mountain and canyon landforms, large slope and
abundant precipitation (Tang, 1995; Xu, 2018a). According to the
field survey, a total of 12 counties and cities in northern Yunnan
suffered debris flow disasters with different degrees (Shang, 1993;
Yang et al., 2017), bringing a huge threat to the safety of people’s
lives and property. The risk evaluation of debris flow disaster not
only has reference value for engineering design and construction in
debris flow activity area but also has guiding significance for the
implementation of debris flow prevention and control measures;
besides, it is also an important means to improve the efficiency of
debris flow prevention and control.

Debris-2D, FLO-2D and Geoflow are mature numerical
simulation software in the world, which can carry out large-scale
engineering problem analysis (Peng et al., 2017). Among them, the
FLO-2D software establishes the mass conservation and momentum
conservation equations in differential form, and uses the explicit
central difference method to solve them, which can calculate the
change of flow depth, velocity and influence range with time. As a
two-dimensional software, FLO-2D can analyze the movement
characteristics of debris flow in detail and has been widely used
in debris flow disaster research (Brien, 2009a; Liang et al., 2016; Cao
et al., 2021). Bertolo et al. (Bertolo and Wicezorek, 2005) used FLO-
2D to simulate the sedimentation process of debris flow movement
in small watershed. Huang et al. (Xun and Chuang, 2016) used FLO-
2D to simulate the influence range of debris flow in the experimental
area and found that the simulation results were consistent with the
actual range. Jia et al. (Jia et al., 2015) simulated the debris flow
accumulation process using FLO-2D, and built a danger zone zoning
model based on the momentum of the debris flow to quantify the
debris flow accumulation fan. Ling et al. (Wang and Ling, 2011)
simulated the debris flow in the Songhe area based on FLO-2D
software and conducted risk evaluation in this area based on the flow
depth, flow velocity, and sediment accumulation characteristics.
Zhang et al. (Zhang et al., 2019) used FLO-2D to simulate the
outbreak process of the debris flow in Ruoru village under rainfall
frequencies of 5%, 2%, and 1%, and obtain a risk assessment chart
based on the mud depth, flow velocity, and outbreak frequency. It
can be seen that many scholars have tried to apply FLO-2D to the
risk assessment of debris flow, and the assessment results are highly
consistent with the on-site investigation.

The prevention and control of debris flow in the mountainous
area of northern Yunnan province were first proposed in the mid-
1960s; So far, to some extent, various engineering measures for
controlling the debris flow gullies that may threaten people’s lives
and properties have been implemented, including various
interception measures, slope stabilization measures, drainage
measures, water control measures, and siltation detention
measures (Yan, 2016; Gao et al., 2023). Although these
engineering prevention measures have achieved varying degrees
of effectiveness, most of the risk assessment of debris flow

disasters mainly focused on evaluating their pre-treatment risk,
and trarely consider risk assessment of debris flow disasters
under the influence of engineering measures (Jakob et al., 2012;
Liu and Li, 2023). In this paper, based on detailed field investigation
data (Dong and Hu, 2021) and FLO-2D numerical simulation
software, this paper assisted positioning by construction drawings
and remote sensing images of the treatment project. After the mesh
division of debris flow simulation was completed, the treatment
project was added to the simulation project in the form of plug-in,
and specific engineering parameters were imported into the
simulation project file by modifying its attributes. The setting of
the management project in the numerical simulation is completed,
and the difficult problem of the setting of engineering measures is
solved. The risk assessment after the prevention and control of three
debris flow gulches in Yunlong County has been studied. The risk
assessment of debris flow refers to the evaluation of the possibility of
all people or objects suffering debris flow damage within the scope of
debris flow basin (Ortiz-Giraldo et al., 2023; Yang et al., 2023). This
assessment mainly evaluates the spatial distribution, development
environment, development degree, disaster type and other factors of
debris flow, so as to determine the probability of its occurrence, and
provide a reference for the subsequent prevention and control of
debris flow.

2 Research background

Yunlong County, Yunnan Province, is located in the northern part
of Yunnan; Its landscape features highly eroded mountains and
canyons, with an unusually developed “V"-shaped valley (Figure 1;
Figure 2) that exhibits strong cutting and fractured rock layers (Calista
et al., 2020). The formation of debris flows in the area is related to
special climatic conditions, terrain, and lithology, as well as human
engineering activities also play an important role in the occurrence of
debris flows. The structural system within Yunlong County is complex,
there are various structural systems intersecting and accommodating
each other, thus a composite property with multi-stage and long-term
activity is possessed. In its composite parts (Huang et al., 2019; Gan and
Luo, 2020), fractures crisscross, rocks are broken, rock is severely

FIGURE 1
Steep terrain on both sides of the Bijiang River.
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weathered, and geological disasters such as landslides, collapses, and
potentially unstable slopes are easily formed. The gully erosion is
extremely developed in the slope zone of the assessment area. The
upper andmiddle reaches of the valley often form high and steep banks
due to headward erosion, downstream erosion, and lateral erosion. In
addition, human activities such as road excavation have led to a high
incidence of landslides and collapse, providing a large amount of
material for debris flows.

In this area, the steep slope topography and the continuous
action of strong downcutting erosion of gully water lead to the
gradual unloading, tipping, collapse and surface landslide of gully
bank slope, which provide material sources for the formation of
debris flow (Hou et al., 2021). The rock mass exposed in Yunlong
County has different resistance to weathering because of different
lithology and different degree of joint fissure development. The
stratigraphic lithology is shown in Table 1. The feldspar quartz
sandstone of Hutousi Formation and the sandstone of the lower
part of Jingxin Formation, which have strong wind resistance in
the area, are mainly formed by collapsing blocks, gravel, or
masonry destroyed along joints and cracks, which provide
solid material with coarse particles for debris flow (Liu et al.,
2023a; Liu et al., 2023b).

Through detailed field investigation (Dong and Hu, 2021), the
basic situation of the three debris flow gullies in the area and the
relevant control engineering measures in the gullies are obtained,
as shown in Table 2. The basic characteristics of the three debris
flow trenches are as follows:Shiwei River, the lithology of the
stratigraphic rocks is third-order mudstone and siltstone, and
the slope erosion is severe, resulting in serious soil erosion. In
the Shili River basin, landslides, collapses,slope, collapses,
potentially unstable slopes, and artificial abandoned soil provide
material sources for debris flows. The reserve of loose solid
materials is about 2912.93 × 104 m3, and the reserve of loose
solid materials for debris flow activity is 291.293 × 104 m3. The
accumulation area at the mouth of the gully is fan-shaped, with a

FIGURE 2
Bijiang valley.

TABLE 1 Regional comprehensive stratigraphic list of Yunlong county.

Erathem System Series Formation Code Thickness
(m)

Lithology description

mesozoic
erathem

cretaceous
system

Upper
Series

Hutousi K2h 138 Light gray, brown, gray white giant thick layer, massive feldspathic
quartz sandstone, local copper

nanxin K1n 861–1496 Purplish red medium and coarse-grained sandstone are mainly mixed
with mudstone, silty mudstone and siltstone

Lower
Series

upper
section

K1j
2 182–385 Purplish red mudstone, silty mudstone, argillaceous siltstone with fine

sandstone

jingxing Lower
section

K1j
1 468 Gray-green, gray-white fine-grained quartz sandstone and purplish red

mudstone, silty mudstone, local copper

TABLE 2 Characteristics of the three debris flow gullies in Yunlong county.

Name Drainage
area (km2)

Length of
main

ditch (km)

Average
longitudinal
gradient (‰)

Scale Development
phase

Engineering measures

Shiwei River 42.03 13.08 101.4 Large Exuberant There are 16 check dams, 2check landmarks and
1 sand barrier built in Gouni. In order to control
floods and landslides,a complex of V-shaped
flumes and anti-slip piles and retaining walls are
used in the landslide area of the flood prevention
dam ditch at the source

Suolichangqing 16.5 8.02 147.5 Large Development The severely affected area by debris flows,
Shimen Community, hasbuilt a 400 m channel
for diversion and discharge

Nuodeng River 10.4 7.5 162.7 Large Development There are two valley -dammed reservoirs located
in Gounei
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length of about 1240 m and a width of about 1000 m.
Suolichangqing, the lithology consists of Neogene mudstone
and siltstone, and the slope erosion is strong, causing serious
soil erosion. The weathered layer thickness in the Zhukelijing
debris flow basin is relatively large, and the loose solid material
mainly comes from landslides, erosion and abrasion-type material

sources, and debris flow channel deposits. The amount of loose
solid material source is about 2136.76 × 104 m3, and the movable
loose material source is about 106.838 × 104 m3. Nuodeng River,
the lithology of the strata is mainly comprised of Neogene
mudstone and siltstone, with strong slope erosion and severe
soil and water loss. The loose solid material source is mainly

FIGURE 3
Numerical model construction process.

TABLE 3 Values of various parameters for debris flow channels.

Name Shiwei river Suolichangqing Nuodeng river

Debris flow density r (g/cm3) 1.56 1.62 1.58

Sediment density rs (g/cm
3) 2.60 2.65 2.66

volume concentration Cv 0.35 0.38 0.35

Simulated burst time t (h) 2 1.5 1.5

Manning coefficient 0.1

Laminar flow retarding coefficient K 2280

Rheological parameter α1 0.811

Rheological parameter β1 13.72

Rheological parameter α2 0.0046

Rheological parameter β2 11.24
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from landslides and channel deposits, with the volume of the large
landslide body in the loose slope area being about 1160.0 × 104 m3.
The source of loose solid materials is about 2027.7 × 104 m3, and
the movable loose material source is about 101.38 × 104 m3. The
accumulation area at the mouth of the gully is fan-shaped, with a
length of about 230 m and a width of about 240 m.

3 Construction and parameter values of
FLO-2D numerical model

The FLO-2D software model was proposed by Brien in 1988,
in which the digital elevation model (DEM) is divided into the
same size and regular topographic grid to solve the control
equation of debris flow movement by using non-Newtonian
fluid and central finite difference method, while the flow
process, accumulation range and dangerous area of debris
flows can be simulated by numerical quantitative method.
Related literature (Brien, 2009b; Castelli et al., 2017; Cong
et al., 2019) had discussed in detail the theoretical model of
the numerical simulation software and the assumptions to
be met.

In this article, combined with various parameters such as rainfall,
flow data, and digital terrain data, FLO-2D numerical simulation
software was used to simulate the movement process and status of
debris flows, including flow velocity, deposition depth, and deposition
range, to restore the movement process of debris flows. After obtaining
the numerical simulation parameters of debris flows occurring every
20 years, 50 years, and 100 years, the potential impact and deposition
situation of debris flows under rainfall conditions with a recurrence
interval of 20, 50, and 100 years in Yunlong County were predicted. By
combining the motion parameters with the danger of debris flows, an
appropriate debris flow hazard zoning model is selected to classify the
debris flows into different levels of danger.

3.1 Numerical model construction

This article collects 1:10000 contour lines and high-precision
remote sensing image maps of Yunlong County (Dong and Hu,
2021). The construction process of the numerical model is shown in
Figure 3.

When conducting a numerical simulation of debris flow
engineering after treatment, it is necessary to add the
treatment engineering to the simulation project in the form of
a plugin after the grid division of debris flow simulation is
completed, and the position of the treatment engineering in
the watershed is very important, which can be assisted using
the construction drawings of the treatment engineering and
remote sensing images. By creating a series of corresponding
grids for the treatment projects and importing the specific project
parameters into the simulation project file by modifying their
properties, the setting of the treatment engineering in the
numerical simulation can be completed.

3.2 Parameter choice

The main parameters selected for FL0-2D numerical simulation
(FLO-2D Software Inc, 2004) include debris flow density, volume
concentration, laminar retarding coefficient and rheological
parameters.

3.2.1 Input parameters
Based on on-site surveys and collected design reports of debris

flow, and combined with the FL0-2D User Manual and relevant
literature, various calculation parameters except rainfall intensity
were obtained and analyzed, as shown in Table 3.

The calculation of debris flow volume concentration can refer to
the calculation formula in reference (Zhang et al., 2022).

TABLE 4 Calculation parameters of peak flow of debris flow.

Name Shiwei river main
channel

Shiwei river tributary channel
(Qingshiyanqing)

Suolichangqing Nuodeng river

Sediment correction
factor

0.538 0.538 0.60 0.537

Gross blockage factor 1.3 1.3 1.4 1.3

TABLE 5 Peak flow meter of outlet point cross section.

Name Rainstorm peak flow under different
frequencies (m3/s)

Peak flow of debris flow under different
frequencies (m3/s)

p = 1% p = 2% p = 5% p = 1% p = 2% p = 5%

Shiwei River main channel 417.46 361.10 289.27 834.92 722.20 578.54

Shiwei River tributary channel (Qingshiyanqing) 101.38 87.78 70.58 202.76 175.56 141.16

Suolichangqing 216.80 187.31 149.36 486.22 420.08 334.97

Nuodeng River 138.63 119.68 95.29 277.00 239.14 190.40
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FIGURE 4
Flow process lines of debris flow for each debris flow channel in Yunlong County.
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CV � r − rw
rs − rw

(1)

r is the density of debris flow (g/cm3),rs is the density of fluid
sediment (g/cm3) and rw is the density of water (g/cm3).

The rheological parameters α1 and β1 are related to the viscosity
coefficient η, and the rheological parameters α2 and β2 are related to
the yield stress τy, as detailed in the formula in the FL0-2D User
Manual.

η � α1e
β1CV (2)

τy � α2e
β2CV (3)

3.2.2 Debris flow process line design
Numerical simulation of debris flow using FLO-2D software

requires the calculation of the flow process line of the debris flow
(XU, 2018b; Li et al., 2022; Zhang LB. et al., 2023). After obtaining
the peak flow of the rainstorm with the rainfall-hydrological
method, the runoff flow at the outlet can be calculated according
to relevant specifications (Hu, 1993; China University of
Geosciences, 2018; Li et al., 2023) under different rainfall
frequencies, and the peak flow of the debris flow at the outlet
can be obtained. The calculation parameters for the peak flow of
debris flow are shown in Table 4, and the peak flow of the outlet
section is shown in Table 5.

Qc � 1 + φ( )Qd (4)
φ � γ − γW( )/ γS − γ( ) (5)

Qc is the peak flow of the debris flow section (m3/s), Q is the
peak flow of the flood section (m3/s), ψ is the sediment correction
coefficient, and d is the blockage coefficient.

The flow process line of debris flow can be obtained by using the
generalized pentagon method (Gong et al., 2017; Wang et al., 2020;
Zhang JC. et al., 2023), as shown in Figures 4A–D.

3.2.3 Selection of catchment points
The effectiveness of the simulation is determined by the reasonable

selection of catchment points. Through field investigations and
comparisons of collected data, loose material accumulation sites
where a large amount of debris flow in each debris flow channel
forming area existed were selected as the catchment points to serve as
the starting points for numerical simulation. The catchment point for
the main channel of Shiwei River was located at the convergence of the
tributaries in the upstream forming area, while the catchment point for
the tributary channel of Shiwei River was located at the foot of the front
edge slope of the Guanzhuangdian landslide. The catchment point for
Suolichangqing was located at the confluence point of the upstream
tributaries, and the catchment point for Nuodeng River was located at
the foot of the slope of the large landslide of Songpodigu in the
forming area.

TABLE 6 Simulation data of Shiwei River blocking engineering.

Dam construction Dam
height (m)

Dam
length (m)

Width of the dam cross-section at
the top (m)

Width of the dam cross-section at
the bottom (m)

Shiwei River rock dam LS1 7 47.54 2.68 10.56

Shiwei River valley
township GF5

5 42.85 2.00 6.70

Qingshiyanqing valley
township GF6

5 78.29 2.00 6.70

Qingshiyanqing valley
township GF7

5 43.77 2.00 6.70

Qingshiyanqing valley
township GF8

5 28.09 2.00 6.70

Qingshiyanqing valley
township GF9

5 50.89 2.00 6.70

Shiwei River Fixed Bed
Dam GC1

2.5 24.30 1.00 4.60

Shiwei River Fixed Bed
Dam GC2

3 39.53 1.00 4.60

Shiwei River Fixed Bed
Dam GC3

3 17.85 1.00 4.60

Shiwei River valley township
GF12

5 43.60 2.00 6.70

Shiwei River valley township
GF13

5 45.15 2.00 6.70

Shiwei River valley township
GF14

5 46.98 2.00 6.70

Shiwei River valley township
GF16

5 56.83 2.00 6.70
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4 Risk assessment before and after
performing debris flow control

4.1 Field investigation results of debris flow
control engineering

The reasonable selection of catchment points determines the
effectiveness of the simulation. Based on field investigations and
comparisons of collected data, loose material accumulation sites
where a large amount of debris flow in each debris flow channel
forming area existed were selected as the catchment points to be seen
as the starting points for numerical simulation. The catchment point
for the main channel of Shiwei River was located at the confluence of
the tributaries in the forming area upstream, while the catchment
point for the tributary channel of Shiwei River was located at the
slope foot of the front edge of the Guanzhuangdian landslide. The
catchment point for Suolichangqing was located at the confluence
point of the upstream tributaries, and the catchment point for
Nuodeng River was located at the foot of the slope of the large
landslide of Songpodigu in the forming area.

The early debris flow control engineering for the Suolichangqing
andNuodeng River debris flows in the study area nearly failed, resulting
in the post-control movement processes being consistent with natural
conditions. This simulation mainly focuses on simulating the blocking
engineering of the main channel and tributary channel of Shiwei River
at the Qingshiyanqiong blocking site. The statistical data of the blocking
engineering can be found in Table 6.

4.2 Numerical simulation results before and
after debris flow control

Numerical simulations after the implementation of control
measures were conducted, the movement and accumulation of
debris flows in three gullies in Yunlong County under three
recurrence intervals (p = 5%, p = 2%, p = 1%) were obtained. The
simulation results are shown in Figures 5–7.

In this study, the simulated data of debris flow fan areas occurring
once every 20 years in the study area was compared with the actual
measured fan area data. According to the simulation results, the

FIGURE 5
Simulation results of 20 years before and after treatment.
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accuracy of the 20-year recurrence interval fan area for Lion Rock River
in Yunlong County was 79.8%, for Suolichangqing in Yunlong County
was 77.7%, and for Nuodeng River in Yunlong County was 79.4%. The
numerical simulation results before and after debris flow control in
Yunlong County are shown in Table 7.

Based on the FLO-2D numerical simulation results, it is known
that due to the failure of the early debris flow control engineering in
Suolichangqing and Nuodeng River, the movement process of debris
flow is consistent with the natural situation. However, the trapping
function of the control engineering in Shiwei River significantly
reduced the area of the accumulation fan, the average accumulation
depth, the maximum accumulation depth and the outburst volume.
Under the conditions of a 20-year or 50-year rainfall, there is no
debris flow reaching the current accumulation fan position, and after
being controlled, the area, average depth, maximum depth, and
outburst volume of the accumulation fan all tend to be zero, with

loose materials accumulating in the channel. Under the conditions
of a 100-year rainfall, some debris flows reach the current
accumulation fan position, the area of the accumulation fan is
21.3% of the pre-construction value, and the outburst volume is
19.6% of the pre-construction value.

4.3 Verification of numerical simulation
results

In this paper, the simulation data of debris flow gully accumulative
fan range in the study area once every 20 years are compared with the
actual data of debris flow gully accumulative fan range in the study area.
The specific formula is as follows.

A � S1
S2

{ ×
S1
S3
} × 100% (6)

FIGURE 6
Simulation results of 50 years before and after treatment.
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The degree of accuracy in formula A; S1 is the overlap area between
the measured and simulated accumulations. S2 is the accumulation area
of debris flow measured in field survey. S3 is the accumulation area of
numerical simulation debris flow. The result value for precision A is
0–1, and the closer it is to 1, themore accurate the final simulation result
will be. The accuracy of each ditch calculated by formula 6 is shown in
Table 8, which is consistent with the above simulation results, thus
verifying the accuracy of this numerical simulation.

4.4 The risk assessment before and after
debris flow control

Risk evaluation of the Yulong County urban area with high human
activity was conducted based on the depth and velocity of mud and
debris flow obtained through numerical simulations. The classification
standard for the risk ofmud and debris flow refers to the standards used
for the Wenchuan debris flow, as shown in Table 9.

TABLE 7 Numerical simulation results before and after regulation engineering.

Name Recurrence period
(Year)

Accumulative fan
area (m2)

Average accumulation
depth (m)

Maximum deposit
depth (m)

Discharge
volume (m3)

Shiwei River Before treatment p = 5% 53200 2.33 4.76 123956

Before treatment p = 2% 99600 2.35 5.08 234060

Before treatment p = 1% 178000 2.42 5.47 430760

After treatment p = 5% 0 0 0 0

After treatment p = 2% 0 0 0 0

After treatment p = 1% 38000 2.22 4.89 84360

Suoli
changqing

Before treatment p = 5% 42400 1.04 2.44 44096

Before treatment p = 2% 64400 1.11 2.64 71484

Before treatment p = 1% 99200 1.23 2.87 122016

After treatment p = 5% 42400 1.04 2.44 44096

After treatment p = 2% 64400 1.11 2.64 71484

After treatment p = 3% 99200 1.23 2.87 122016

Nuodeng
River

Before treatment p = 5% 12400 1.18 2.15 14632

Before treatment p = 2% 19600 1.2 2.48 23560

Before treatment p = 1% 28800 1.31 3.31 37728

After treatment p = 5% 12400 1.18 2.15 14632

After treatment p = 2% 19600 1.2 2.48 23560

After treatment p = 1% 28800 1.31 3.31 37728

TABLE 8 Accuracy assessment of numerical simulation.

p = 5% Debris flow accumulation area

Name Measured value (104m2) Simulation value (104m2) Overlap (104m2) Accuracy

Shiwei River 5.38 5.32 4.78 79.8

Suolichangqing 4.29 4.24 3.76 77.7

Nuodeng River 1.32 1.24 1.14 79.4

TABLE 9 Standard for classifying the danger of debris flow.

Intensity of debris flow Depth of mud(m) Relationship formula Product of depth of mud and flow velocity

High H ≥ 2.5 OR VH ≥ 2.5

Medium 0.5 ≤ H < 2.5 AND 0.5≤VH < 2.5

Low 0 ≤ H < 0.5 AND VH < 0.5

Frontiers in Environmental Science frontiersin.org10

Ding et al. 10.3389/fenvs.2023.1252206

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1252206


According to the current urban area range of Yunlong County
and the overall development plan (2013–2030), the urban area of
Yunlong County is approximately 2.5075 square kilometres. Based
on the qualitative evaluation and FLO-2D numerical simulation
results, a risk assessment was conducted for geological hazards in the
urban area of Yunlong County before and after geological disaster
management. The evaluation results are divided into high-risk areas,
medium-risk areas, low-risk areas, and zero-risk areas, as shown in
Figure 8.

“Safe zones” indicate that the area is not at risk of being affected
by debris flows; “Low-risk zones” indicate that debris flows may
cause slight damage to buildings in the area; “Medium risk zones”
indicate that some buildings in the area may be destroyed, and
personnel may be injured or killed; “High-risk zones” indicate that
debris flows will destroy buildings and cause significant loss of life.
As shown in Figure 8, the high-risk zones in the county’s urban area
are mainly divided into two regions; The first high-risk zone is
located in the whole Shiwei River flowing through the urban area of

Yunlong County, which although has been rehabilitated with
drainage facilities to timely evacuate small-scale debris flows,
there may be risks of slow drainage or blockages in case of
rainfalls with a frequency of once every 100 years, and there are
risks inside and around the drainage facilities. The second high-risk
zone is located at the Suolichang Canyon in the urban area of
Yunlong County, which has risks of debris flows with a frequency of
once every 20 years.

The results of the geological hazard risk assessment for different
rainfall frequencies, including p = 5%, p = 2%, and p = 1%, were used to
analyze the statistics of the area of each risk zone before and after
engineering treatment, as shown in Table 10.

According to the above analysis, it can be known that after the
implementation of engineering measures for debris flow disasters, the
proportion of high-risk areas in the urban area of Yunlong County was
significantly decreased, especially under the condition of 20-year
rainfall. The area of high-risk areas decreased the most. Under
rainfall conditions of 50 years and 100 years, the area of medium-

FIGURE 7
Simulation results of 100 years before and after treatment.
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risk areas decreased significantly, but under the condition of 20-year
rainfall, the area of medium-risk areas increased slightly, this is mainly
because some high-risk areas are transformed into medium-risk areas.
Under different rainfall frequencies, the proportion of low-risk areas

decreased. Overall, after implementing engineering measures for debris
flow disasters, the area of no-risk areas increased, especially the area of
no-risk areas increased by 5.92% when the rainfall frequency was
100 years, which greatly ensures the safety of densely populated areas.

FIGURE 8
The danger zonation map of the urban area of Yunlong County.
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The setting up of the Shiwei River debris flow interception project
plays a great role in reducing the harm caused by debris flows. In the
later period, a comprehensive prevention and control project can be
considered, which includes a “composite V-shaped drainage chute +
fish mouth project + sand-collecting dam + valley-distributed dam +
rigid dam + flood control dike” to further improve the prevention and
control effect. Suolichangqing and Nuodeng River have lower
prevention and control levels and longer construction times. At
present, they are in a saturated state and require the addition of
appropriate treatment measures to ensure safety.

5 Conclusion

Based on various parameters of rainfall, flow data, and digital
terrain data, this article used the FLO-2D numerical simulation
software to simulate the movement process of the three debris flow
gullies in Yunlong County before and after treatment. Based on the
debris flow movement state, the danger and zoning of the county
town area were evaluated, and the following conclusions were
drawn:

1) This paper assisted positioning by construction drawings and remote
sensing images of the treatment project. After the mesh division of
debris flow simulation was completed, the treatment project was
added to the simulation project in the form of plug-in, and specific
engineering parameters were imported into the simulation project file
by modifying its attributes. The setting of the management project in
the numerical simulation is completed, and the difficult problem of
the setting of engineering measures is solved.

2) Under the rainfall conditions of a return period of 20 years and
50 years, the Shiwei River did not reach the current debris flow
deposit fan position, and loose materials were piled up in the
gorge. Under the rainfall conditions of a return period of
100 years, some of the debris flow reached the current deposit
fan position, and the area of the deposit fan was 21.3% of that

before treatment, and the volume of the scouring was 19.6% of
that before treatment.

3) After the implementation of engineering treatment for debris
flow disasters, the proportion of high-risk areas in the urban area
of Yunlong County was substantially decreased, especially under
the condition of once-in-twenty-year rainfall, the area of high-
risk regions was reduced the most. Especially when the rainfall
frequency is once in a hundred years, the area of non-dangerous
zones has increased by 5.92% compared to before the treatment.
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TABLE 10 Statistical of the hazardous zoning area in the urban area of Yunlong County before and after governance.

Zone High danger zone Medium danger zone Low danger zone No danger zone Aggregate

Before treatment p = 5% area (km2) 0.1528 0.0788 0.0688 2.2071 2.5075

p = 5% percentage (%) 6.09 3.14 2.74 88.03 100

p = 2% area (km2) 0.1776 0.1364 0.0656 2.1279 2.5075

p = 2% percentage (%) 7.08 5.44 2.62 84.86 100

p = 1% area (km2) 0.2108 0.1728 0.122 2.0019 2.5075

p = 1% percentage (%) 8.41 6.89 4.87 79.83 100

After treatment p = 5% area (km2) 0.162 0.12 0.0752 2.1503 2.5075

p = 5% percentage (%) 3.41 3.22 1.33 92.04 100

p = 2% area (km2) 0.1128 0.094 0.0532 2.2475 2.5075

p = 2% percentage (%) 4.5 3.75 2.12 89.63 100

p = 1% area (km2) 0.162 0.12 0.0752 2.1503 2.5075

p = 1% percentage (%) 6.46 4.79 3 85.75 100
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