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Abstract: In this study, we investigated the flooding accident that occurred on Metro Line 5 in the
capital city of Zhengzhou, Henan Province, China. On 20 July 2021, owing to an extreme rainstorm,
serious inundation occurred in the Wulongkou parking lot of Zhengzhou Metro Line 5 and its
surrounding area. Flooding forced a train to stop during operation, resulting in 14 deaths. Based on
our preliminary investigation and analysis of this accident, we designed three main control measures
to reduce the occurrence of similar accidents and mitigate the impact of similar accidents in the future,
given the increasing number of extreme storm weather events in recent years: (1) to conduct subway
flood risk assessments and to establish an early warning system, involving real-time monitoring
of meteorological information during subway operation and construction; (2) to improve subway
flood control emergency plans and to establish a response mechanism for subway flooding; and (3) to
strengthen safety awareness training to ensure the orderly evacuation of people after accidents.
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1. Introduction

With the rapid development of cities and underground spaces, the relationship be-
tween human society and the natural environment has increasingly deepened, with human
society increasingly affecting the natural environment. The rapid urbanization process
and rain island and heat island effects caused by rapid population growth have increased
the frequency and intensity of extreme rainfall in large and medium cities. Factors such
as the decline in the water storage rate caused by urban expansion and insufficient ca-
pacity system drainage have accelerated the frequency of urban waterlogging disasters,
posing serious risks to urban safety, especially in underground spaces and underground
transportation systems. For example, in June 1996, after heavy rainfall with an average
hourly precipitation of 60 mm, many subway lines in Fukuoka flooded, causing casualties
and property losses. With the acceleration of urbanization in China, many places have
encountered heavy rainfall that has triggered floods, especially in coastal cities, such as
Shanghai, Guangzhou, Shenzhen, and Yancheng [1]. On 10 May 2016, a mountain torrent
caused by an extreme rainstorm entered the Guangzhou subway tunnel, resulting in the
flooding of several subway stations. Although the government had emergency plans and
thought they had adequately prepared, the incident on 10 May caused catastrophic damage
to subway equipment, resulting in a direct economic loss of RMB 543.8 million. The serious
losses caused by the flood event forced the government to re-evaluate the antiponding
capacity and resilience of subway lines under rainstorm conditions.

Rainstorm and flood disaster risk assessment can generally be divided into three types,
namely predisaster assessment, monitoring assessment during a disaster, and postdisaster
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measurement assessment. The main work of predisaster risk assessment contains setting as-
sessment indicators and classifying risk levels. Nowadays, it is popular to use Geographic
Information Systems (GIS), satellite, and remote sensing data to carry out disaster vulner-
ability assessments and risk assessments. For instance, Ogato et al. (2020) evaluated the
flooding hazard and risk in Ambo town based on GIS and used a multicriteria perspective
to examine its watershed [2]. Kim et al. (2018) used a regional travel demand model to
assess the flooding risk for the transportation system in Honolulu. At present, the risk
assessment of rainstorm and flood disasters mainly considers factors such as precipitation,
water system, and population [3]. It should be noted that the spatial distribution of the
water system and population changes little in a short period, while the rainfall in the spatial
distribution is always much different, which has a greater impact on the assessment results.

Due to the frequent occurrence of extreme weather in the world in recent years,
different countries have put forward their requirements for the safety of underground
projects. Although many studies have been conducted on subway system flood assessment
and other aspects, studies on related topics as in the present study are lacking [4]. However,
the lack of cases and data makes it difficult to carry out relevant research. This study
conducted a preliminary investigation on the water inflow incident in the Zhengzhou
metro, providing a simple reference for other researchers to carry out relevant research.

On 20 July 2021, an extreme rainstorm struck Zhengzhou City in Henan Province,
China. (Figure 1). Torrential rain in Zhengzhou resulted in 292 casualties: 39 people
drowned in the underground space, including 12 people on Metro Line 5, 6 people in the
Jingguang Road Tunnel, and 10 other victims, as shown in Figure 2 [5]. At approximately
14:00 on 24 July and 06:30 on 25 July, two more victims were found.

Figure 1. Damage caused to Zhengzhou City by a rainstorm on 20 July 2021: (a) pedestrians and
vehicles during flooding [6]; (b) on July 20, pedestrians wading through an area with ponding in
Zhengzhou [7].
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Figure 2. Zhengzhou Metro Line 5 was flooded: (a) flooded subway station [8]; (b) passengers
trapped in the subway [9].

This article aimed to conduct a preliminary investigation of the water ingress accident
caused by extreme rainstorms on Zhengzhou Metro Line 5 in Zhengzhou City, Henan
Province, China. First, we provide a background of the disaster; second, we systematically
describe subway flooding incidents and rescue operations. Finally, we discuss the poten-
tial causes of subway flooding accidents and provide targeted countermeasures, such as
intelligent methods.

2. Background and Accident
2.1. Background

Zhengzhou has played an important role in the economic development of Henan
Province. As an important city and comprehensive transportation hub in the center of
the province, Zhengzhou has location advantages [10]. Zhengzhou City is located at the
intersection of the Longhai and Beijing—Guangzhou Lines. Zheng-Wan, Zheng-Ji, Zheng-he,
and other high-speed railways intersect to form a high-speed rail network that radiates
outward to the entire Henan Province and even to the Central Plains (Figure 3). Zhengzhou
is also a center of road transportation in China. In 2019, the highway cargo turnover in
Zhengzhou was 68.43 billion tons/km, and 70.95 million road passengers accounted for
nearly 50% of all passenger traffic [11].
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Figure 3. Cont.
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Figure 3. Location of the disaster site: (a) location of the flooded area; (b) Henan Railway Net-
work Map.

Traditionally, Zhengzhou has a warm continental climate. The climate is characterized
by simultaneous rain and heat, simultaneously dry and cold, and frequent climate disasters
in the same season [12]. The annual average temperature in Zhengzhou is 14.4 °C, the
annual frost-free period is 206-234 days, the urban frost-free period is 215 days, the annual
sunshine is 2181.7 h, and the annual average rainfall is 632.3 mm. The area receives
sufficient light, abundant heat, moderate precipitation, and long frost-free periods [13].

The main subway line affected by the rain, Zhengzhou Metro Line 5, was the fourth
subway line opened and operated in Zhengzhou City and was the only loop line in the
Zhengzhou rail transit network and had a large passenger flow. Line 5 was 40.433 km,
traveling along Huanghe Road, Huanghe East Road, Business Outer Ring Road, Longhu
Outer Ring Road, Shenghe Street, Xinyi Road, Jingkai Tenth Avenue, Hanghai Road,
Tongbai Road, and West Railway Station Laying, connecting the Zhengdong New District,
high-speed railway Zhengzhou East Station area, Economic Development Zone, Guancheng
District, Erqi District, and other densely populated cities (Figure 4). The line had 32 stations,
1 depot, 1 parking lot, and 6 carriage A-type trains [14].

2.2. Subway Flooding Accident and Rescue Operation
2.2.1. Subway Flooding Accident

The records indicate that the rainfall over the whole of Henan Province was about
144.7 mm on average, whereas that over Zhengzhou City was 458.2 mm in fewer than five
days in July 2021. On 20 July, Zhengzhou experienced sudden heavy rain [15]. The 24 h
rainfall was 610.5 mm. The maximum hourly rainfall at the Zhengzhou Meteorological
Observatory was 201.9 mm (16:00-17:00 on 20 July), breaking the record for hourly rainfall
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in mainland China. The previous extreme value (198.5 mm, 5 August 1975) was far
exceeded to become the largest single-hour rainfall record measured by any meteorological
observation station on land. Rainfall lasted for a long time and accumulated, as shown in

Figure 5 [16].
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Figure 4. Zhengzhou subway route map.

(b) Precipitation grid map of Zhengzhou on July 20 I
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Figure 5. Zhengzhou suffered from historical extreme rainfall: (a) Zhengzhou meteorological workers
guarantee the normal operation of the automatic station [17]; (b) strength map of precipitation for the
whole day on 20 July (modified from the Chinese Central Meteorological Station, 2021).



Sustainability 2022, 14, 9292

7 of 15

At approximately 17:00, a train passing along Zhengzhou Metro Line 5 was affected
by the rainstorm, necessitating an emergency stop after Huanghe Road station while
passengers were on board the train. When the train left Beach Temple Station and was
about 200 m away from Shakou Road Station, the train needed another emergency stop.
Around 18:00, the water level due to the rainfall exceeded the height of a retaining wall in
the tunnel, causing rainwater backflow. When the rainwater entered the mainline section,
the train started again and tried to reverse, and the pouring rainwater began to flow into
the interior of the carriage. The train was forced to stop in the section between the Shakou
Road and Haitansi Stations [18]. The conductor urgently asked passengers to leave the front
of the train. After trying to open the front and door of the first carriage, a small number
of passengers left by an emergency escape walkway only 50 cm wide and escaped the
dangerous area through entrance C of Shakou Road Station one hour later. Most passengers
returned to the carriage for rescue because of heavy water flow [19].

2.2.2. Rescue Operation

Although the China Meteorological Administration had issued extreme weather warn-
ings to people in advance, they had not considered the danger in the area because a water
accumulation accident had never occurred at the location of the retaining wall, and they
considered the location relatively safe. In addition, the personnel on duty lacked profes-
sional experience in flood prevention, which led to many people being trapped in the
subway. However, after receiving rescue news, the local fire department and medical staff
immediately launched rescue operations [20]. As shown in Figure 6, many safety ropes
were used to guide trapped people to a safe place. Although the rescue was timely and
more than 500 people were successfully rescued, 12 people died and 5 were injured. In the
follow-up search and rescue investigation, two more victims were found at approximately
14:00 on the 24 July and 06:30 on the 25 July.

Figure 6. Firefighters rescue the trapped people: (a) using safety ropes to guide trapped victims [21];
(b) rescuing the passengers from the main subway line [22].
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3. Causes
3.1. Geological Condition

Zhengzhou is located in the northwest of Henan Province and is connected to the
Huanghuai Plain and the Yellow River. The terrain gradually decreases from southwest
to northeast. The overall elevation of the urban Zhengzhou area is between 75.0 and
151.2 m [23]. This urban area is rich in river water resources, with almost 30 large and small
rivers, all of which belong to two major river systems: Yellow and Quasi Rivers. As such,
flooding accidents commonly occur after heavy rain [24]. In addition, the abundant ground-
water resources in the urban Zhengzhou area are rich in rock pores, which are characterized
by large thickness, wide distribution, and high permeability. This type of geological feature
has often been studied, particularly for underground constructions [25-27]. The aquifer is
mainly stored in medium-fine sand and gravel formations. The abundant groundwater
prevents the effective absorption of rainfall [28].

Water also accumulated at the Wulongkou train parking lot, south of Dongfeng
Road and west of Zhengbei Marshalling Station and Songshan North Road. The ground
elevation in these areas is between 103.70 and 106.50 m, and the terrain is relatively flat.
The total area of the train parking lot is approximately 18.3 ha, of which the subway
area is approximately 11.3 ha. This is a parking lot for subway trains connecting to the
secondary line of Line 5. Moreover, the soil properties in the area are complex [29-31]. After
stopping at night, the train is parked in the lot via the secondary line for daily inspection
and maintenance. However, according to regulations, a retaining wall should be built to
prevent rainwater from flowing back [32]. Extreme rain conditions caused a large amount
of water to accumulate in the parking lot, which eventually caused rainwater to break the
retaining wall and enter the area of the main line.

3.2. Extreme Natural Weather

Rainfall is the main cause of water accumulation accidents. Table 1 shows the infor-
mation on the daily rainfall breaking the record in Henan Province. As shown in Table 1,
from 18:00 on 18 July to 0:00 on 21 July 2021, Zhengzhou experienced rare and continuous
heavy rainfall. Heavy and extremely heavy rainstorms occurred throughout the city, with
an average cumulative precipitation of 449 mm. On 20 July, when the accident occurred,
the 24 h rainfall was 610.5 m [33].

Table 1. Information on the daily rainfall breaking the record in Henan Province (daily rainfall from
08:00 to 08:00 the next day). (Data source: Chinese Central Meteorological Station, https://weibo.
com/ttarticle/x/m/show/id /2309404662497868382366?_wb_client_=1 (accessed on 6 May 2022)).

Site Name Date Daily Precipitation (mm)
Zhengzhou 20 July 2021 624
Huixian 21 July 2021 447
Anyang 21 July 2021 436
Qixian 21 July 2021 436
Hebi 21 July 2021 430
Songshan 19 July 2021 365
Xinmin 20 July 2021 358
Tangyin 21 July 2021 345
Weihui 21 July 2021 326
Xingyang 20 July 2021 317
Fugou 20 July 2021 302
Kaifeng 20 July 2021 278
Huojia 21 July 2021 253
Weishi 20 July 2021 244

Xinzheng 20 July 2021 226
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Table 1. Cont.

Site Name Date Daily Precipitation (mm)
Jiaozuo 20 July 2021 201
Yanshi 20 July 2021 198
Dengfeng 19 July 2021 193
Boai 21 July 2021 177
Jiyuan 20 July 2021 139

3.3. lllegal Design and Wrong Emergency Management

During the construction and operation of the subway, the construction unit arbitrarily
changed the design for real estate development. It moved the Wulongkou parking lot
to the East by 30 m, and the ground layout was adjusted to the downstream layout of
1973 m. As a result, the deep dry land outside the parking lot resulted in poor natural
drainage conditions, which did not comply with the relevant provisions of the code for the
design of the metro. It was a major design change, but it was not reported for approval as
required [34].

The west side of the open drainage ditch is about 300 m long and about 1 m to 2 m
high due to the road construction spoil. It was not cleaned in time, which hindered the
drainage and severely damaged the drainage function of the open drainage ditch near the
Wulongkou parking lot. In violation of regulations, some open ditches were covered with a
cover plate about 58 m long, reducing the water collection capacity.

The enclosure of the parking lot is designed according to the “100-year flood depth of
0.24 m” of the ground topography at that time, and the “100-year flood” should be 0.5 m
after checks and calculations by the experts of the investigation team. Without sufficient
demonstration, the construction unit replaced the new fence in the west section of the
parking lot with a temporary construction fence, which accounts for more than 40% of
the length and has almost no water retaining function. During the construction period,
it also violated the basic construction procedures of the project, failed to strictly control
the construction quality of the project, and failed to make the foundation of the enclosure
according to the drawing.

The relevant staff did not respond properly to the emergency response of Metro Line 5,
did not pay much attention to the water-gushing problem in many places of the metro
line, and did not have a leader online network control center (OCC) and on-site front-line
command to carry out the effective emergency response.

The commanders in charge of emergency dispatching made major mistakes in train
operation command and dispatching. The accumulated water flushed down the water-
retaining wall above the entrance and exit line of the parking lot and into the subway
tunnel. Due to switch failure, the train stopped at the beach Temple Station and was
released without finding out the cause. After the water flooded the track surface, the driver
stopped as required, but the OCC chief dispatcher ordered the train to back up without
studying and judging the dangerous situation on the training site. About 30 m later, the
train stopped due to power failure, resulting in the elevation of the train position being
about 75 cm lower than that before retreating, increasing the water depth in the train and
aggravating the danger of trapped passengers in the train.

4. Discussion and Recommendation
4.1. Discussion

On 20 July 2021, when the train of Metro Line 5 arrived at the upstream section from the
beach Temple Station to the Shakou Road station, the flood water poured into the main line,
and the train was forced to stop due to power loss. The subway water inflow incident led to
the shutdown of the subway and 14 deaths. According to the preliminary investigation and
analysis in this paper, this event is mainly caused by sudden extreme rainstorm weather.
Zhengzhou Metro and other relevant departments were mainly responsible for the accident.
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Suddenly concentrated heavy rainfall exceeded the design load, which directly led to
waterlogging in the main line of the subway, forcing the train to stop and causing casualties.

During the construction and operation of the subway, Zhengzhou Metro Group
changed the design of the Wulongkou parking lot in violation of regulations, and the con-
struction quality of the water-retaining wall was not strictly controlled. The water-retaining
capacity decreased, and the drainage function of the open ditch was seriously damaged.

In the case of multiple flooding of Metro Line 5, Zhengzhou Metro Group did not attach
great importance to the waterlogging situation and did not lead the online network control
center (OCC) and on-site front-line command or carry out the effective emergency response.

Zhengzhou Metro Group made major mistakes in train operation command and
dispatching. Make the train leave the platform under the wrong judgment of water inflow
in the main line. The wrong command caused the train to stop at a low elevation due to
power loss.

1.  The subway water accumulation incident demonstrated the inability of urban in-
frastructure to respond to natural disasters under extreme weather conditions and
the lack of emergency response measures in the urban supervisory systems. In this
accident, the train on Line 5 could not be shut down in time because of the lack of a
warning. According to the data released by Zhengzhou Metro, although the rainstorm
began on 17 July 2021, the passenger flow on Line 5 was not reduced because of rain-
storm conditions. Insufficient early warnings and timely information exchange were
the fundamental causes of this water accumulation accident, as shown in Figure 7.
With urbanization, extreme weather conditions more frequently occur [35]. Similar
extreme weather occurrences have often caused considerable losses to personnel and
property. To reduce or avoid these adverse effects, appropriate measures should be
implemented in various aspects to prevent the occurrence of water accumulation [36].
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Figure 7. A broken line chart of the passenger flow on Metro Line 5 in the week before the accident:
decreasing from 17 to 18 July 2021 due to holidays. However, a passenger flow of 474,500 people was
maintained under heavy rain on weekdays. (Recreated from Zhengzhou Metro, https://weibo.com/
1/1993390131 (accessed on 6 May 2022)).

2. In this paper, the preliminary investigation of the causes of the water inflow incident
of Zhengzhou Metro is expected to shift the researchers” attention from the safety
problems in the construction process to the safety problems during the operation
period; shift the focus of research work from the main body of the station to the inter-
section of underground works and the ground; strengthen the researchers’ attention
to the ground-supporting facilities of the underground works of the subway auxiliary
line; improve the safety of the underground works, especially the subway, in the
operation under serious natural disasters; and reduce the occurrence of such events.
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When such incidents occur again, they can effectively avoid casualties and reduce
property losses.

3. The accident provided a valuable case for the subway waterlogging in the world’s
underground railway projects and attracted a large number of researchers’ attention to
the safety of underground projects under extreme weather. Although such incidents
have occurred in Fukuoka, Japan, and other parts of the world, due to the small
casualties, property losses, and social impact, the research on relevant incidents is
still insufficient. With the frequent occurrence of extreme weather, it has become
an important subject to study the risk analysis and emergency treatment system of
subway water inrush. This is of great significance to ensure the normal operation
of underground rail transit in future major natural disasters. The combination of
artificial intelligence and risk prediction has become an important development
direction to realize the automation and standardization of underground engineering
under disasters in the future.

4.2. Recommendation

Given the analysis of the causes of the water inflow incident of Zhengzhou Metro
in this paper, Zhengzhou Metro Group needs to pay more attention to the construction
of Metro infrastructure, pay attention to the connection between the metro project and
the ground, re-inspect and evaluate other similar locations, avoid construction contrary
to the design, and conduct regular inspection to avoid reducing the drainage capacity
of illegal facilities. Zhengzhou Metro Group should strengthen emergency management
training, improve risk assessment and supervision system, prevent similar command and
dispatching problems, and avoid causing heavy casualties and property losses.

For subway projects being designed and under construction, risk assessments of ex-
treme weather conditions, such as rainstorms, should be conducted [37,38]. Based on the
geological features, water temperature, and meteorological conditions of the construction
site, a simulation model under different precipitation conditions should be established to
explore the potential hazards faced by the subway in operation, considering the real envi-
ronment [39]. We recommend paying particular attention to the safety of the waterproofing
features of the second line under the ring line.

The waterlogging prevention capability of subway lines that are currently in operation
must be re-evaluated, and reasonable remediations should be performed under permitted
conditions to eliminate the risk posed by these dangers. Local dangerous areas must be
monitored to prevent personnel and property losses caused by lags in warnings.

Based on observational data of precipitation and groundwater from the meteorological
department, and combined with real-time monitoring, radar and other detection methods,
we recommend using scientific data-processing methods to construct a subway early warn-
ing model for flood disasters. Real-time rainstorm and flood disaster warning information
must be quickly released at the subway stations on passenger information display systems,
subway electronic guidance systems, and subway APPs.

During the operation and construction of a subway;, it is necessary to improve emer-
gency plans for flood and rainwater disasters. During the response period of the early
warning system, an emergency plan mode of quick docking, effective processing, and slow
opening was suggested. Rescuers should organize the evacuation of crowds and staff in
an orderly manner and perform a good job in the inspection and maintenance of subway
equipment to ensure the safety of personnel.

Safety awareness training and a sense of responsibility of the subway staff must be
strengthened. For example, this may involve performing a subway waterlogging response
exercise. In the event of an accident, employees must keep calm and perform subway
emergency system-related activities to ensure the safety of the passengers. Emergency
safety education content should be added to subway-related applications to enable subway
passengers to understand the emergency response plan and stabilize their emotions when
an accident occurs so that they wait for the orderly evacuation of rescuers in a safe area.



Sustainability 2022, 14, 9292

12 0f 15

Modern technologies, such as GISs [40,41] and Al [42-45], should be applied in the
field of subway evaluation and emergency management systems to optimize waterlog-
ging prevention in subways and guide the design of a reasonable disaster early warning
system. Many Al technologies can be used in subway evaluation and emergency man-
agement systems, including the Analytic Hierarchy Process (AHP) [46—48], DL neural
networks [49], long short-term memory [30,44], gated recursive unit deep learning, support
vector machine, and group method of data handling.

4.3. Suggested Methodology

Geographic Information System (GIS) can be adopted to obtain the spatial distribution
characteristics of disaster losses. Remote sensing technology, with its fast and timely
characteristics, has irreplaceable advantages in large-scale flood disaster monitoring in
contrast to conventional means and has gradually become an important measure for flood
disaster monitoring. Geographic Information System (GIS) technology plays an important
role in flood disaster assessment because of its powerful spatial data management and
analysis functions. The key function of remote sensing technology is the identification of
the water body. Identification is a technology to extract flooding information based on
the analysis of spectral characteristics and spatial position relationship of a water body
and exclude other nonwater body information. It is suggested to use a remote sensor
to measure, then extract the relevant information of flood disasters through the process
of image processing, and finally, collect these data in the cloud system using wireless
transmission technology. Pictures of water areas can be obtained by surveillance cameras
and unmanned aerial vehicles (UAVs). Geographic Information Systems (GISs) can be used
to generate real-time maps and obtain geographic location and monitoring information, as
shown in Figure 8. The process of flood disaster monitoring and evaluation can be divided
into four stages: first, data collection; second, data preprocessing; third, flood disaster
assessment; and fourth, disaster prevention and mitigation decisions. Flood disasters
can be warned, especially with the continuous development of current technology. It is
important to integrate the Internet of Things into the flood warning system, which can
dynamically monitor and analyze flood risks, and the feedback can be visualized in remote
terminals, such as notebooks, smartphones, and computers.
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Figure 8. Flowchart of a flooding management system.
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5. Conclusions

This paper reported on a subway water inflow accident that occurred in Zhengzhou
City, Henan Province, China, on 20 July 2021. Based on our preliminary investigation and
analysis of this accident, we drew the following conclusions:

1. A water inflow accident in the metro system occurred in Metro Line 5, Zhengzhou
City, Henan Province, China, killing fourteen people. The disaster was caused by
serious ponding in the Wulongkou train parking lot and surrounding areas owing to
severe rainstorms. Water-retaining walls connecting the train parking lot to the metro
tunnel collapsed due to the high impact of water pressure. During construction, the
Whulongkou parking lot was illegally changed from its original design. These changed
designs reduced the drainage and water collection capacity greatly.

2. Several environmental factors, including precipitation and terrain, have important
influences on ponding on subway lines. Even though Zhengzhou has a rich river
system, these rivers did not drain rainwater fast, so they cannot prevent flooding
when heavy rainfall occurs. Short-term heavy rainfall caused serious ponding in the
Wulongkou train parking lot, which is a special parking place for subway trains.

3. The related management parties may lack emergency awareness, pay little attention
to the water inflow of the subway, misjudge the internal situation of the subway, and
finally cause the train to lose power and stop on the main line of the subway. The
subway waterlogging accident provides valuable cases and experiences for researchers
to study such accidents. This is conducive to the construction of the evaluation
standard of the subway waterlogging prevention ability and the establishment of a
mature subway waterlogging prevention safety supervision system.

In the future, to prevent stormwater inflow into metro accidents, we have the following
recommendations. It is suggested to improve the antiponding capacity of subway projects
and the emergency plans. Subway projects currently being designed and under construction
must be evaluated to optimize the antiponding capacity of the subway. Projects in operation
should be re-evaluated and reconstructed within reason, and some key areas should
be monitored. The training of subway staff must be strengthened to cope with these
situations, and the safety awareness of on-the-job staff must be improved. In addition,
emergency safety education for subway passengers should be improved. Models and
numerical simulations based on precipitation and observed meteorological data must be
established. Modern technologies such as Al and GIS must be integrated with the current
subway disaster risk assessment and supervision systems to find a new direction for the
development of subway risk assessment.
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