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ABSTRACT

In the case of heavy rain in the complex orogenic belts, to solve the heavy load on the drainage net-
work and the guilt of the country park, the stormwater management model (SWMM) is combined
with the low impact development (LID) module to design stormwater management methods. A coun-
try park in complex orogenic belts in the south of J City is used as a research area, and the stormwater
management model is established according to the current situation of the study area. The operational
parameters of the stormwater model in the study area are determined by the sub-catchment general-
ization, the runoff calculation model, and the confluence calculation model. After the model is verified,
when the design return period is 1a, 3a, 5a, 10a, 20a, the SWMM model is used to simulate the total
rainwater discharge, drain flow and rainfall-runoff in the study area before and after the LID facility
is implemented. The results show that the stormwater management method can accurately simulate
the surface runoff in different return periods, which can also reduce rainfall runoff and alleviate the
pressure of the drainage network. The total amount of water storage in the study area is 23,742 m?,

which is conducive to alleviating flooding in the complex orogenic belts.
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1. Introduction

In complex orogenic belts, there are a variety of landform
types. These include the braided complex orogenic belts,
such as suture structures, truss-architectures, inter-moun-
tain areas, complex barrier combinations, structural steps,
and large inter-mountain basins [1]. A large number of plants
are distributed on complex orogenic belts, which have inev-
itable natural functions in limiting urban infinite expansion,
rainwater savings management, and strengthening ecolog-
ical green space. There are many advantages to building a
country park in the complex orogeny. On the one hand, it
provides a relaxing and enjoyable outing environment for
urban people and brings people a natural outing experience;
on the other hand, it contributes to preventing desertification
and increasing mountain use rate [2]. With the acceleration
of urbanization, the artificial paving rate of the interior of the
city is getting higher and higher, the area of green space is
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getting smaller and smaller, and a lot of natural rainwater
is wasted, not recycled. People pay more attention to storm-
water management in the city, and there is little attention to
stormwater management in country parks in complex oro-
genic belts [3].

At present, stormwater management technology is
increasingly strengthened, and the development trend is
diversified. Each country has summarized rainwater man-
agement technologies suitable for their respective national
conditions. For example, stormwater management in the
United States is mainly to improve the penetration of nature.
It emphasizes that stormwater management combines with
natural conditions such as vegetation, water bodies and green
spaces to join the artistic aspects of the landscape. British rain-
water technology pays more attention to the management
of rainwater and the combination of ecology and landscape
design, which is more stable and comprehensive. At the heart
of Australia’s stormwater management is the inclusion of
facilities in landscape design to provide a variety of functional
spaces, such as animal and plant habitats, public open spaces,
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and recreational facilities and visual enjoyment. In China, the
development of rainwater management started relatively late,
and it is still in the development stage. It mainly implements
the stormwater management of the city from the perspectives
of environmental engineering, green space planning, munic-
ipal administration and special planning. It pays more atten-
tion to the standards of planning, the determination of sensi-
tive areas, the analysis of hydrology and the rationalization of
rainwater storage of different substrates.

Based on the technology of stormwater management
in various countries, the storm water management model
(SWMM) is the earliest developed and currently the most
widely used urban stormwater management model [4].
Today, SWMM has been widely used in the simulation, anal-
ysis and design of urban stormwater runoff, drainage piping
systems, watershed planning, etc., and is gradually being
applied in non-urban areas [5]. The low impact development
(LID) module in the SWMM model mainly reduces the flow
of urban stormwater runoff through stagnation, sedimenta-
tion, biosorption, infiltration, filtration, and microbial degra-
dation. Eventually, the runoff generation time is delayed, the
flood peak is reduced, and the pollutant load on the down-
stream area is reduced. LID is a series of measures scattered
throughout the region to regulate rainfall runoff from the
source. Also, it can incorporate land landscapes with self-run-
off control capabilities such as gentle slopes and intercepting
depressions into the entire rainwater control system [6]. LID’s
optimization program provides decision-making reference
for the control of stormwater management in country parks
in complex orogenic belts. To this end, this paper combines
SWMM and LID to comprehensively manage the rain and
flood conditions in country parks in the complex orogenic
area. In the end, we will design the reasonable water-melting
facility to enhance the water storage capacity of the country
parks, and avoid floods and pollution of surface runoff.

2. Materials and methods
2.1. Overview of the study area
2.1.1. Location analysis

A country park in complex orogenic belts in the south
of J City is used as a research area. The research area covers
an area of 174 hectares. It is bounded by Langmao Mountain
in the north, South second elevated road in the south, and
a north mountain of Mafengzhai, Mawuzhai and Shifangyu
in the west. Most of the surrounding areas are residential
areas with convenient transportation and a good natural
environment.

2.1.2. Analysis of the status quo

2.1.2.1. Topography and landform  The terrain of the study
area is high in the northwest and low in the southeast. In the
hilly area, the highest point of the area is 296 m above sea
level. The park terrain is high in the southeast and low in the
northwest. From the perspective of the current park matrix,
most of it penetrates in the form of nature, and there are
some residual plants in the northeast and southwest. Accord-
ing to the nature of the existing site, most of them belong to
the exposed surface. The soil of the park is the old red sand-

stone of the Lagrange mudstone series. The soil properties
are slightly acidic red loam [7-9]. Generally, the sedimentary
mudstone has a high porosity of 60%-70%, and the sedimen-
tary sandstone should have a porosity of 30%—40%.

2.1.2.2. Climate Because the study area is located in the
mid-latitude zone, it is affected by solar radiation, atmo-
spheric circulation and geographical environment, and
belongs to the warm temperate semi-humid monsoon cli-
mate. Affected by the Siberian monsoon, it formed a conti-
nental monsoon climate with hot summers and cold winters
(four distinct seasons). The annual average temperature in
the study area is 14.7°C, the monthly average temperature
in January is -0.4°C, and the monthly average temperature
in July is 27.5°C. The monsoon climate in the study area is
remarkable. The climate in the four seasons is mainly windy
and dry in spring, hot and rainy in summer, cool in autumn,
and long in dry and cold in winter. The average annual rain-
fall in the study area is 1,079-1,159 mm. The annual rainfall is
unevenly distributed and the summer is the most, accounting
for 42% of the total annual precipitation. The annual evapo-
ration is mostly 1,000-1,300 mm, which is roughly equal to or
slightly greater than the annual rainfall [10].

2.1.2.3. Advantages Natural conditions: (1) The rainfall
is rich and has a good space for rainwater management tech-
nology design. The terrain has a clear slope, which is bene-
ficial to the direct collection of rainwater and avoids more
manpower construction. (2) Most of the park’s ground is a
natural way of infiltration, which provides superior condi-
tions for the natural penetration of rainwater.

2.1.2.4. Disadvantages The park matrix was extensively
damaged, leaving only a small part of the vegetation and
abandoned sites abandoned by the quarry. The plants were
reduced and destroyed, the soil became stronger and the pen-
etration of rainwater became worse. Therefore, soil erosion
is prevented in areas with dense contours. The advantage of
terrain with height differences also poses certain challenges
[11]. The storage of rainwater is determined by the slope of
the terrain, so attention should be paid to some terrain and
area issues in areas where rainwater harvesting is selected.

2.2. Construction of the SWMM
2.2.1. Overview and structure of the model

SWMM is a rainfall-runoff model based on a single
event or long-term precipitation sequence. It is mainly used
for dynamic simulation of rainfall-runoff water quality and
water quality in urban areas. It can edit the data input in the
study area, simulate hydrology, hydraulics, water quality,
and display the results in various forms, including time-se-
ries and charts, profiles and statistical frequency analysis
[12]. The SWMM model is mainly composed of a computing
module and a service module, as shown in Fig. 1. The calcula-
tion module includes the runoff, the conveying, the extended
conveying, the storage/processing module; and the service
module includes the statistics, the chart, the joint rainfall, and
the temperature module.
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Fig. 1. Structural schematic of the SWMM model.

2.2.2. Generalization of sub-catchment area

The sub-catchment area is a hydrological response
unit. On the topography, the surface runoff and drainage
system of a sub-catchment have only one water outflow
[13,14]. In the SWMM model, it is first necessary to divide
the studied catchment area into a series of sub-catchments.
Then calculate the respective runoff processes according to
the characteristics of each sub-catchment. Finally, the flow
calculus method is used to summarize the outflows of each
sub-catchment area [15].

As shown in Fig. 2, the catchment sub-basin is divided
into a water-permeable area and a water-impermeable
area. S1 represents the storage area and the water-
permeable area, S2 represents the storage area and the
water-impermeable area, and S3 represents the storage
area without water storage. L1 is both the width of the
entire sink sub-basin and the width of 51, L2, and L3 are the
widths of 52 and S3, respectively. The correlation between
the three is shown in Eq. (1):
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2.2.3. Computation model of runoff generation

Surface runoff refers to the process of rain loss minus loss
becoming net rain. In the SWMM model, the runoff of the above
three types of surface is calculated separately, and then the runoff
process line of the catchment sub-basin is obtained by weighted
averaging the area of the three types of the surface [16].

* In the impermeable area, a small part of the rainfall is
converted into evaporation, and most of the remaining
are converted into a runoff. Runoff is formed when rain-
fall is greater than evaporation [17]. The calculation of
runoff generation is shown in Eq. (2):

R, =P-E @)

where, R, means runoff generation without water storage
area, the unit is mm; P means rainfall, the unit is mm; E is the
evaporation amount, the unit is mm.
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Fig. 2. Summary of catchment watershed.

* In areas with sloping and impervious areas, rainfall
begins to form runoff after meeting the maximum turbu-
lence on the ground. The calculation of runoff generation
is shown in Eq. (3):

R,=P-D (3)

where, R, indicates the runoff generation of the impounded

and impervious area, the unit is mm; P indicates the rainfall,

the unit is mm; D indicates the maximum turbulence of the

ground, the unit is mm.

¢ In the permeable area, rainfall first meets surface infiltra-
tion requirements. When the rainfall intensity is greater
than the infiltration intensity, the ground begins to accu-
mulate water; until the maximum turbulence of the
ground reaches the surface, surface runoff begins to form.
The calculation of runoff generation is shown in Eq. (4):

R, =(i- f)x At (4)

where, R, indicates the runoff generation in the permeable
area, the unit is mm; i indicates the rainfall intensity, the unit
is mm/h; f indicates the infiltration rate, the unit is mm/h;
At indicates the rainfall duration, the unit is h.

Therefore, under the same conditions, no runoff and
impervious areas, sloping and impervious areas and perme-
able areas form runoff in sequence. Each sub-catchment area
will perform runoff calculations according to different land
surface types in the area. Then, they are weighted averaged
to obtain the runoff process line of the sub-catchment.

2.2.4. Computation model of confluence

2.2.4.1. Surface confluence calculation The process of the
surface confluence refers to the process of bringing together
parts of the runoff into an exit section and rainwater pipe
network [18,19]. The calculation of surface confluence uses
a nonlinear reservoir model and is discharged into the river
network. The schematic diagram of the nonlinear reservoir
model is shown in Fig. 3.
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The nonlinear reservoir model is obtained by solving the
continuous equation and the Manning equation in parallel.
The continuous equation is shown in Eq. (5):

d—v=Aﬁ:Ai*—Q (5)
dt dt
where, V is the amount of surface water collected, V = Ad, the
unit is m? d is the water depth, the unit is m; t represents
time, the unit is s; A represents the surface area, the unit is
m? i* is the rainfall intensity in mm/S; Q is the outflow rate,
the unit is m%/s.

The outflow rate is calculated using the Manning equa-
tion, as shown in Eq. (6):

_1.49W
n
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where, W is the sub-flow basin flow width, the unit is m; n is
the surface Manning coefficient; d is the maximum surface
depth of the surface, the unit is m; S is the average slope of
the sub-basin.

The above two formulas are combined and merged into
a nonlinear differential equation to solve the unknown d, as
shown in Eq. (7):

%: ‘*_1.‘;:9W(d_dp)5/351/2:i*+WCON(d_dP)5/3 (7)
n
where, WCON = LW gz
An

The above equation can be solved by the finite difference
method. Therefore, the net inflow and net outflow on the
right side of the equation can take the average of the time
period, and the rainfall intensity /* also takes the time period
average, then the Eq. (7) can be simplified to the Eq. (8):

d _d | 1 5/3
ZAtl—szCON{dl—z(dz_dl)_dp} ®)

where, At denotes the time step, the unit is s; d, and d, respec-
tively represent the initial value and the end time value of the
water depth in the time period, and the unit is m.
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Fig. 3. Schematic diagram of the non-linear reservoir model.

Use Newton-Raphson to find the outflow Q during
the period. (The Newton-Raphson iterative method solves
d, of the above equations and finally substitutes d, into the
Manning formula.)

2.2.4.2. Calculation of pipe network confluence For the cal-
culation of pipe network confluence, the SWMM model pro-
vides three methods, namely constant flow method, motion
wave method and dynamic wave method [20,21].

Constant flow method: The constant flow method is the
simplest method of confluence calculation, which assumes
that the flow of water is constant and uniform during each
calculation period. This method cannot consider the change
of accumulation, return, inlet and outlet losses, countercur-
rent and pressurized flow of the pipe, and is suitable for con-
tinuous long-term preliminary simulation.

Motion wave method: The motion wave method uses a
continuous equation and a momentum equation to simulate
the flow of water in each pipe segment. It assumes that the
slope of the pipe is the same as the slope of the hydraulic line,
and the maximum conveying flow of the pipe is calculated
according to the Manning formula. The motion wave method
can simulate the spatial and temporal changes of water flow
in a pipe, but it still cannot account for return water, inlet
and outlet losses, countercurrent and pressurized flow. It is
only suitable for simulation calculations of the upstream of
the drainage system and the portion of the dendrite network.

Dynamic wave method: Dynamic wave is the most complex
and most accurate function calculation method by solving the
complete Saint-Venant equations for confluence calculation.
It can take into account the change of accumulation, return,
inlet and outlet losses, countercurrent and pressurized flow
of the canal. The dynamic wave method simulates an annular
pipe channel system and a fork system with multiple down-
stream pipe segment nodes. This method is sensitive to the
time step and must be calculated with a small-time step to
ensure the accuracy of the calculation results.

2.2.4.3. Model verification After simulating the 2017
rainfall data, the surface runoff and flow calculus continuity
errors were —0.22% and -0.02%, respectively, all within 10%
of the model requirements. This shows that the simulated
quality is very good, and there is a negligible quality balance
continuity error for runoff and calculation. The simulation
results can be used for further research and application.

2.3. Setting of simulation scenarios and LID measures

The parameters required for the model to run mainly
include simulation options, rainfall conditions, and LID
measures.

2.3.1. Setting of simulation options

It mainly includes common options, dates, time steps,
dynamic waves, report settings, and files. Set the following
parameters in the simulation profile: (1) Simulation time and
unit: including simulation start date, simulation end date,
simulation report start date, and report interval time is 1 min.
(2) Runoff: The infiltration method uses the Horton model,
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and the rainy season takes 1 min for a long time. (3) Pipe
network calculation parameters: the pipe network confluence
uses dynamic wave mode, and the pipe network calculation
time step is 10 s. (4) Simulation conditions: Corresponding
matching of rainfall conditions, such as once every 3 and 5 y.

2.3.2. Setting of rainfall scenarios

The main input parameters of rainfall data include rain-
fall data type, recording interval, and rainfall data time series
[22,23]. Based on the study of the storm intensity formula in
the study area, the return period is 1a, 3a, 5a, 10a, 20a, the
rainfall duration is set to 120 min, and the rain peak coeffi-
cient is 0.385. Based on the SWMM model, the rainfall pro-
cess of a specific scenario was synthesized to test the rain
and flood confluence process in the study area. The designed
rainstorm rainfall process lines in different recurrence peri-
ods are shown in Fig. 4.

2.3.3. Adjustment of LID facilities

The LID measure, as a property of a catchment area, is
a low-impact development facility designed to capture sur-
face runoff and combine retention, infiltration, and evapora-
tion. The low-impact development and construction model
is constructed, and the model is simulated and the program
is repeatedly adjusted until the simulation result meets the
control target value. The deployment of LID measures is
mainly aimed at controlling the total amount of runoff in the
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Fig. 4. Rainfall sequence diagram in the same reproduction
period.

Table 1
LID control indicators under different land-use types

study area. According to the characteristics of each facility of
LID, the selected LID facilities include a green roof, perme-
able pavement, recessed green space and grass ditch. Refer to
the values of the parameters provided in the SWMM model
manual and the relevant literature reviewed to establish the
parameters of the different unit layers of the LID facility [24].
Finally, the design values of the control indicators obtained in
the study area are shown in Table 1.

3. Results
3.1. Simulation results of the study area

The simulation results of surface runoff can reflect the
influence of the type of underlying surface on the runoff in
the study area. In theory, surface runoff refers to the amount
of rainfall that is deducted from evaporation, surface water
storage, and infiltration, and flows into the river through the
ground and pipeline systems. The relationship between rain-
fall, infiltration and runoff in the study area under different
return periods is shown in Table 2 during the method of man-
aging the rainwater in the country park.

It can be seen from Table 2 that as the rainfall return
period increases, the total rainfall, total infiltration, total run-
off, surface water storage, and runoff coefficients gradually
increase.

3.2. Impact of LID measures on runoff in the study area

In the model, it is assumed that the runoff treated by
the LID facility will flow into the permeable zone in each
sub-catchment area for further treatment. Using the low-im-
pact development rainwater system model constructed
above, the stormwater runoff in the study area was simulated
when the total rainfall was 27.65 mm. The total amount of
rainwater in the study area before and after the implemen-
tation of the LID facility was obtained to verify whether the
target total discharges flow in the study area was zero when
the designed rainfall was 27.65 mm. The simulation results
are shown in Fig. 5.

From the above results, it is understood that the peak cut
amount after the LID is performed is 21.16 m?/s, and the total
radial flow rate is 13.61 mm. The total stormwater discharge
in the study area after LID implementation is always zero.

Besides, the rainfall-runoff changes after the implementa-
tion of the LID in the study area were simulated under differ-
ent rainfall return period scenarios (including the 1a, 3a, 5a,
10a, 20a return period). The total emissions of the study area
after the LID implementation were compared with the sim-
ulation results before the LID implementation to obtain the

Land use types Roofing Road Greenland Square Total/km?
Measure of area 1.54 1.11 1.66 0.08 4.39
Selection of control Green roof 18% 0.27
indicators for LID Permeable pavement 50% 42% 0.58
Grassed swales 3% 0.03
Concave green space 4% 0.05
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Table 2
Surface runoff simulation results in the study area

Recurrence period la 3a 5a 10a 20a
Rainfall/mm 58.04 75.57 84.26 94.78 105.84
Total evaporation/mm 0 0 0 0 0
Total infiltration/mm 18.02 18.27 18.41 18.48 18.58
Total runoff/mm 32.04 46.98 54.71 64.15 74.24
Surface water storage/mm 8.01 10.34 11.17 12.17 13.04

3.3. Simulation results and analysis of pipeline node overflow

-2
)

»

T »

D
(=}
T

Rainfall intensity

[%)
(=]

Rainfall intensity/ (mm/h)
~
W

—_
w

| | | | | | »
0 20 40 60 80 100 120
Rainfall duration/min
(a)
A
25 - — — — Before the implementation of LID
20 L — After the implementation of LID
2 7N\
Eas | / \
! /) AN
s 10 - ~
5 / ~_
5 /22
s 5 F
2 /
= 7/
~
0
-5 I I I I I I »
0 20 40 60 80 100 120

Rainfall durationmin
(b

Fig. 5. Simulation results of rainfall and total emissions. (a) Rain-
fall intensity and (b) Comparison of total emissions before and
after LID implementation.

simulation results before and after the LID implementation
under five different reproduction periods. It can be seen from
the simulation results that under the regulation of LID, the
rainfall infiltration in the study area increased by 20.08, 26.66,
29.7,33.25, and 36.78 mm in different return periods, and the
total rainfall runoff was reduced. The rates were 86%, 75%,
71%, 67%, and 63%, respectively, and the reduction rates for
flood peak flow were 87%, 76%, 68%, 61%, and 54%, respec-
tively. The peak traffic occurrence time is 7-13 min before the
LID implementation. As the rainfall intensity increases, the
LID measures gradually reduce the total amount of surface
runoff and peak runoff in the study area.

In the study area, the simulation results of the overloaded
pipeline and overflow nodes before and after LID regulation
are shown in Table 3.

According to the simulation results, when the rainfall
return period P =14, a total of 15 nodes overflow. At this time,
there was a slight water accumulation in the study area, and
the degree of internal hemorrhage was light. When the rain-
fall return period P = 3a, 54, 10a, 204, the number of nodes
overflowing in the study area gradually increased, which
were 20, 22, 24, and 28 respectively. The cumulative overflow
time, the longest overflow time and the total amount of over-
flow also increase. However, under the control of LID, the
ground runoff coefficient of the study area has decreased,
and the runoff in the pipe network system has also decreased,
and the flow rate and node flow of each pipe section of the
pipeline have been significantly reduced. These alleviate the
drainage pressure of the drainage network system.

3.4. Design and distribution of stormwater management in the
study area

Based on the SWMM and the implementation of LID
measures, the stormwater management program for the
country parks in the study area was designed. The overall
distribution of stormwater management design in the study
area is shown in Fig. 6.

3.4.1. Duplex planting and sunken green space

It is necessary to increase the planting density and vari-
ety of plants. Through the layer block of plants, the rainwa-
ter runoff reduces the erosion of the mountain and increases
the penetration of rainwater. Based on existing vegetation,
the configuration of trees, shrubs and ground cover plants
is increased, and multiple planting is carried out to enrich
the level of vegetation. Large-scale greening is carried out
in areas with large exposed areas of the mountain. The fish
scale holes and horizontal steps are combined with the ter-
rain to intercept the rainwater, forming a sunken green space
to purify and infiltrate the rainwater. The main selection of
planting trees is Huang Hu, Wu Jiao Feng, Guo Yu, Chestnut,
White Wax, etc. The shrubs are mountain peach, clove, pearl
plum, eucalyptus, gold and silver wood, etc.; the ground
cover is Euonymus, Fufangteng, Yingchun, Forsythia and
so on. The designed area of the sinking green space is about
18.5 hectares, the water storage depth is 100-150 mm, and the
total designed water storage is about 15,385 m?®, as shown in
the green area in Fig. 6.
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Table 3
Comparison of simulation results of overflow nodes and overload pipelines in the study area before and after LID regulation
Recurrence period la 3a 5a 10a 20a
Measures No LID LID No LID LID NoLID LIDreg- NoLID LID No LID LID
regula- regula- regula- regula- regula- wulation regula- regula- regula- regula-
tion tion tion tion tion tion tion tion tion
Over-  Number of 15 0 20 5 22 8 24 13 28 15
flow overflow nodes/
node numbers
Total over- 6.93 0 11.3 1.02 15.6 2.35 16.6 4.8 19.5 8.4
flow/1,000 m*
Over-  Section of over- 51 10 66 22 69 29 73 39 81 43
load loaded pipelines/
pipe-  number
line Full pipe rate/% 30 6 39 13 41 17 43 23 48 25
Average full flow 36 12 43 28 48 32 54 34 56 39
time/min
[ e
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Fig. 6. Overall distribution of rainfall flood management design
in the research area.

e

3.4.2. Drought river

Combined with the terrain of the study area and the con-
fluence of rainwater confluence, the natural design drought
rive landscape is designed according to local conditions. The
use of vegetation, rocks, and soil to filter and block stormwa-
ter runoff not only reduces surface erosion and soil erosion
but also creates the natural stream landscape. Drought river’s
design has a total storage capacity of 528 m?, as shown in the
pink area in Fig. 6.

3.4.3. Permeation ponds and reservoirs

The permeation ponds and reservoirs are designed in
areas with large catchment, which can regulate the rainwa-
ter of the mountain, and have the effect of reducing the peak
flow of rainwater and collecting rainwater for reuse. The total

Valley interception
Stone retaining wall
to store rainwater

Fig. 7. Valley interception profile.

designed water storage is 1,762 m?, as shown in the dark blue
and light blue areas in Fig. 6.

3.4.4. Valley water storage facilities

In complex orogenic belts, there are 29 large catchment
valleys. To weaken the erosion of the valley by the rainwater
runoff, combined with the mountain terrain for the design of
the rainwater interception facility, the valley interception pro-
file is shown in Fig. 7. Due to the large slope of the valley, the
amount of rainwater confluence is large. In the valley, mul-
tiple layers of rainwater interception facilities are arranged
according to the terrain to block rainwater, such as horizontal
steps and fish-scale pits. At the time of design, we should try
our best to meet the needs of the landscape and realize its
practicality and aesthetics of the landscape. Combined with
the existing landscape, some designs can form the stacked
landscape with the characteristics of the mountain park
during the rainy season. The total design storage capacity of
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the valley storage facility is expected to be 6,067 m? as shown
in the yellow area in Fig. 6.

3.5. Calculation of water storage

The design results of the water storage capacity of the
country parks in the study area are shown in Table 4.

It is calculated that the total designed water storage of
stormwater management in the country park of the study
area is about 23,742 m?, which is about 1,227.58 m® more than
the standard theoretical water storage. This achieved the
desired results and completed the goal of stormwater man-
agement in the country parks of the study area.

4. Discussion

In this paper, the SWMM model for stormwater man-
agement of the country parks in the complex orogenic belts
in the study area can accurately simulate the surface runoff
in different return periods. As shown in the surface run-
off simulation results of the study area in Table 3, when
the return period is P > 1a, the infiltration amount basically
reaches a saturation state. It can be seen from the simula-
tion results of five different rain conditions that rainfall is
a direct influencing factor of runoff, and the change of run-
off shows a strong correlation with the change of rainfall.
Under the above five rainfall conditions, the peak runoff
of the system is 42.19, 54.35, 60.42, 67.87 and 73.99 m?s,
respectively.

After the implementation of stormwater management
in the country park based on LID measures, the study area
can reach the target of an 80% runoff control rate. That is to
say, when the designed rainfall is 27.65 mm, the rainwater
in the study area is not discharged, as shown in Fig. 5. The
LID measures can effectively reduce the runoff of 63%-86%
and alleviate the drainage pressure of the drainage network,
improve the design standard of the rainwater pipeline in the
study area, and reduce the risk of intrinsic risk in the study
area, as shown in Table 4. The reason is that low-impact
development measures are mainly by changing the propor-
tion of impervious areas on the underlying surface and the
way of rainwater runoff [25-28]. It reduces runoff discharge
through the effects of soil and vegetation retention, infiltra-
tion, filtration, etc., and reduces the total runoff and peak
flow in the study area. It also delays the occurrence of peak
runoff and increases the ability of the study area to absorb
rainwater [29,30].

According to the analysis of the status quo of the country
parks in complex orogenic belts based on the SWMM model
and the stormwater management based on the LID measures,
the actual stormwater management planning for the country
parks in the study area is carried out. Apply the research the-
ory to the design practice, and appropriately apply the land-
scaped facilities such as double planting and sinking green
space, durable rive, seepage pond, reservoir, and valley stor-
age facility to play the functions of rainwater transmission,
infiltration, and savings. The design area of the country park
in the study area can reach a total of 23,742 m®. Based on per-
fecting the landscape facilities, it achieves the goal of rational
use of rainwater and alleviates the water ecological problems
in complex orogenic belts.

Table 4
Result of design storage of rainfall and flood management in
country parks

Design of rainfall Storage Designed storage
flood management depth (m)  capacity (m°)
Sunken green space 0.11-0.16 15,385

Arid stream 0.55 528

Infiltration pond and - 1,762

storage pond

Valley storage facilities 0.55 6,067

Total 23,742

5. Conclusions

Combining complex orogenic belts” country parks with
stormwater management plays a good role in improving
the environment and increasing the social value of complex
orogenic belts. A country park in complex orogenic belts in
the south of J City is used as a research area. The SWMM
(stormwater management model) is established based on
the rainfall data, and the LID module is used for stormwater
management. The results of the study are as follows:

e There is a strong correlation between runoff and rainfall.
The greater the rainfall intensity is, the greater the runoff is.
There is a certain time difference between the peak of rain-
fall and the peak of runoff. The occurrence time of the run-
off peak in the region studied in this paper is about 50 min,
and it lags behind the peak of rainfall for about 6 min.

® The regulation of LID reduces the ground runoff coef-
ficient of the study area, and the runoff into the pipe
network system also decreases. The flow rate and node
flow of each pipe section of the pipeline are significantly
reduced. That alleviates the drainage pressure of the
drainage pipe network system.

e The water storage capacity of the compound planting
and sinking green space, the durable rive, the infiltration
pond, and the reservoir, and the valley storage facility
designed by stormwater management in the study area
are 15,385; 528; 1,762; and 6,067 m®, respectively. The total
water storage capacity can reach 23,742 m’, which can
realize the rational use of rainwater.
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