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Nowadays, nuclear power plays an important role in the energy structure of
many countries. However, A bloom of a disaster-causing organism (DCO) in
the cold-water intake area of a coastal nuclear power plant can block the water
cooling system and seriously affect the operational safety of the nuclear power
unit. Currently, the traditional method of protection is to estimate the DCO
abundance by regular manual investigation and sampling, but that method
cannot give continuous real-time data. Instead, proposed and implemented
here is a seafloor in situ integrated monitoring system for DCOs (known as
IMSDCO), which is equipped with an optical microscopic imager (OMI) and
hydrometric sensors to monitor automatically the DCO abundance and
hydrology. All the data are transmitted to a terminal in the shore station
through a photoelectric composite cable for real-time display. When the
DCO abundance reaches a preset threshold, software automatically raises an
alarm. Since placing IMSDCO at the cold-water intake of the Changjiang
nuclear power plant, a six-month field trial has been completed, during
which large amounts of hydrology data and DCO images were obtained.
IMSDCO successfully identified and estimated the abundances of various
DCOs (e.g., Phaeocystis globosa, Acetes chinensis, and small fish) and
predicted their movements based on hydrology data. Based on the analysis
of the experimental data, we discussed the reasons for the error in the
abundance estimation of DCO and the methods to reduce the error. The
experimental results show that the OMI-based IMSDCO can monitor and give
early warning of DCOs in the water intake areas of costal nuclear power plants
and is worthy of long-term deployment.
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1 Introduction

As a high-efficiency, energy-saving, and eco-friendly energy
source, nuclear power plays an important role in reducing
carbon dioxide emissions, controlling the greenhouse effect,
and promoting carbon neutrality (Deng, 2021). To date, more
than 30 countries have built nuclear power plants, and nuclear
power accounts for an important proportion of the domestic
energy structure of the United States, Britain, Russia, and
especially France, where it accounts for more than 70% (Chen
and Xia, 2017; Xu, 2020; MOC, 2021). By the end of 2020, there
were 48 nuclear power units in operation and 17 nuclear power
units under construction in mainland China, with nuclear power
accounting for ca. 5% of the national cumulative power
generation and growing annually (Zhang, 2021; CNEA, 2021).

Most nuclear power plants are built in coastal areas, where
the excess heat from the power generation process is taken away
by the cyclic seawater to ensure stable operation of the nuclear
power units. Therefore, the water quality of its cold-water intake
directly affects the operational safety of a nuclear power plant.
However, with the over-exploitation of marine resources by
humans, the marine ecological environment is deteriorating
day by day, and the resulting frequent blooms of algae,
jellyfish, fish, shrimp, snails, and other marine organisms can
block the intercept net at the water intake of a nuclear power
plant, thereby seriously threatening its operational safety
(Purcell et al., 2007; Azila and Chong, 2010; Ruan, 2015;
Zhang et al., 2019). Since 2000, there have been more than 200
unit outages due to cooling-water blockages in many countries
with nuclear power plants, causing major safety hazards and
huge economic losses (Han et al., 2018; MEE, 2020), and such
incidents are occurring more and more year by year throughout
the world.

How to improve the safety of the cold sources of nuclear
power plants is now a major common concern of the
international nuclear-power community. The United States,
France, Japan, South Korea, and other countries have all
researched countermeasures for cold-source protection,
including strengthening water-quality monitoring, setting up
intercept nets, and enhancing the backwashing capacity of
drum nets (Meng et al., 2019), which have alleviated the
occurrence of such disasters to a certain extent. However,
those measures are all based on passive defense and cannot
give early warning of an outbreak of a marine disaster-causing
organism (DCO). In recent years, some nuclear power plants in
China have used sonar detection technology to monitor DCOs at
their water intakes, such as the Daya Bay and Hongyanhe
nuclear power plants, which have monitored Creseis acicula
and Aurelia aurita (Wang and Fu, 2021; Zeng et al, 2021).
However, because sonar echo is particularly vulnerable to near-
shore terrain and environment, it is difficult to identify targets,
especially tiny plankton.
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With the development of optical imaging technology,
underwater optical microscopic imagers (OMIs) have been
applied to marine-organism monitoring (Jaffe, 2015; Lombard
et al.,, 2019; Liu et al., 2021; Merz et al,, 2021). OMIs based on
bright-field imaging technology support higher sampling rates,
and some research teams in countries other than China have
installed them on survey ships and gliders to conduct fish and
plankton surveys to obtain images and understand their
underwater distribution (Cowen and Guigand, 2008; Picheral
etal., 2010; Ohman et al., 2019). However, the disadvantages of a
bright-field imager are that its image resolution is poor and its
images are easily affected by particles when used in coastal
waters (Greer et al., 2016). By contrast, a dark-field imager
usually has better resolution but lower sampling rate, making it
more suitable for long-term in situ observation at fixed points
near the shore (Grossmann et al., 2014). Nowadays, benefitting
from the rapid development of image processing technology
based on machine learning algorithms, OMIs for underwater in
situ online monitoring can automatically and quickly identify
the species, size, and abundance of aquatic organisms (Yang
et al,, 2022), thereby expanding greatly the application field of
OMIs. In China, Bi et al. (Bi et al., 2022) used PlanktonScope to
monitor plankton such as copepods, jellyfish, chaetognaths,
appendicularians, and meroplanktonic larvae in coastal
estuaries, and they researched the primary productivity of
estuaries. Also, Li et al. (Li et al., 2022) installed an OMI on a
buoy and carried out plankton and water quality monitoring in
Dapeng Cove. However, to the best of our knowledge, there have
been no reports to date of an OMI being installed on a bottom
platform to monitor DCOs at the water intake of a nuclear
power plant.

The integrated monitoring system for DCOs (known as
IMSDCO) that is reported herein is equipped with an OMI,
which can quickly identify marine organisms with sizes of
between 500 um and 20 mm via its auto-zoom capability and
then generate high-resolution two-dimensional images. Also,
IMSDCO is equipped with multiple hydrological and water
quality sensors, including an acoustic Doppler current profiler
(ADCP), a conductivity—temperature-depth (CTD) sensor, a
tidal meter, and two multi-parameter water-quality detectors
(pH, dissolved oxygen, temperature, and conductivity).It can
monitor DCO quantity, current, temperature, salinity, depth,
and water-quality parameters in real time, estimate the
abundances of DCOs, and predict their migration tracks
algorithmically. The system was placed at the cold-water
intake of the Changjiang nuclear power plant in Hainan
Province in China, and the monitoring results were displayed
in real time via PC software to achieve long-term DCO
monitoring and quantitative evaluation. The cooling water of
Changjiang nuclear power plant is surface water intake from
open channel. Three intercept nets are set around the water
intake, and IMSDCO is placed on the seabed 800m away from
the third net, which is about 1500m away from the water intake.
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This distance can ensure that the nuclear power plant has
enough time to take countermeasures after discovering the
outbreak of the DCOs.

2 Materials and methods

2.1 Design of IMSDCO

IMSDCO comprises a shore station, a photoelectric
composite cable, an underwater node, and scientific sensors, as
shown in Figure 1. Equivalent to the brain of IMSDCO, the
shore station is responsible for power supply, communication,
data collection and storage, and human-computer interaction
functions to ensure the safe and stable operation of the system.
Also, the communication system in the shore station is
connected to the public Internet so that authorized users can
access IMSDCO from anywhere. The photoelectric composite
cable connects the shore station and the seabed monitoring
system and is the channel for power supply and communication
between them. The underwater node is a platform equipped with
scientific sensors, and the electronic cabin thereon provides
appropriate power supply and communication interfaces for
the sensors. Also, the mooring structure is designed to monitor
the sea water profile.

2.2 Power supply system

The submarine environment is complex and changeable,
and a reliable power supply for IMSDCO is very important.

Internet

Shore Station

FIGURE 1
Overview of integrated monitoring system for DCOs (IMSDCO)
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Alternating current (AC) transmission requires highly insulated
cables that form a large equivalent capacitance with seawater and
earth, thereby increasing the reactive power loss; therefore, the
power loss of long-distance AC transmission is serious without
inductance compensation. Compared with AC transmission,
although direct current (DC) transmission also has capacitance
to ground, its ripple voltage is small, the voltage is stable in the
steady state, and the reactive power loss is small; therefore, DC
transmission is more economical and stable (Howe et al., 2002;
Yu et al., 2013).

The DC power supply of the shore station converts 220-V
AC into 375-V DC and then transmits it to the electronic cabin
of the underwater node through the photoelectric composite
cable. The electronic cabin has one input port and six output
ports: the input port can adapt to the voltage range of 275-425
V, while the output ports comprise two 24-V ports and four 12-
V ports, each of which is connected to a different scientific
sensor. The logic diagram of the power supply system is shown
in Figure 2. After the 375-V DC enters the electronic cabin
through the input port, it first passes through a surge-protection
device to suppress any surge current on the line that would
otherwise damage the circuit components. A DC/DC converter
converts 375-V DC into 24-V and 12-V DC and supplies power
to the communication system, the external scientific sensors, and
the internal sensors (temperature, humidity, and water leakage)
through the state monitoring and control system.

The surge-protection device is very important for the stable
operation of the power supply system. Under the influence of the
equivalent capacitance in the circuit, the instantaneous current is
very large at the moment of power on; this exposes the circuit
components to great potential safety hazards and so must be

Sea Level

Floating Body
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FIGURE 2

Diagram of power supply system of electronic cabin.

limited (Du et al., 2018). The principle of the surge-protection
device is shown in Figure 3. Resistor R1 with an appropriate
resistance is connected in series in the circuit, and relay KT1 is
connected in parallel with R1. After power on, R1 limits the
surge current in the circuit within a reasonable range, thereby
suppressing it. After a delay of few seconds, a control signal from
the state monitoring and control system closes KT1 to short R1,
thereby reducing the power loss thereon. The filter and capacitor
C1 are used to smooth the peak voltage so that the components
can avoid the impact of surge voltage. Also, the monitor behind
the surge-protection device monitors the voltage and current in
real time and inputs the monitoring data to the state monitoring
and control system, which are finally displayed by the PC
software in the shore station.

The DC/DC converter has eight outputs that are isolated
from each other: two for internal loads and six for the loads of
the external scientific sensors. Based on the voltages required by
the loads, the output voltages are 12-V and 24-V: the 12-V
module (model V375C12T75BL; VICOR Company) has a power
of 75-W, and the 24-V module (model V375C24T150BL;
VICOR Company) has a power of 150-W. The two power
modules are small in size, high in power density, and stable in
performance, making them very suitable for use in the narrow
confined spaces of underwater monitoring systems. When

operating, the power modules generate a lot of heat that must
be conducted into the seawater by radiators to ensure stable
operation for a long time (Li et al., 2016). The radiators are made
of aluminum, which has a high thermal conductivity. As shown
in Figure 4, the inner surface of a radiator is planar for fixing
power modules, and the outer surface is curved with the same
radius as that of the inner wall of the cylindrical pressure vessel.
Four symmetrically distributed radiators are connected into a
cylindrical shape by a mechanical structure, and a threaded
support element is installed in the middle of the cylinder; after
the radiators are installed in the pressure vessel, the rotatable
part of the threaded support is rotated clockwise manually, and
the support element presses two of the symmetrical radiators
tightly against the inner wall of the pressure vessel for rapid heat
transfer to the seawater. The other two symmetrical radiators are
held in place in the same way. For more-effective heat
conduction, silicone grease is applied on the outer arc surfaces
of the radiators to make them fit more closely.

2.3 State monitoring and control system

The state monitoring and control system has two main
functions: (i) monitor the data from the internal sensors and

| Surge-protection Device !
! | @
} I_m |: Controller
| KTI :'
\ [—o/ —
|
375V + “ — Filter -
\ RI L] l | DC/DC
Input | cl : Monitor Convertor
} 1 (12V,24V)
375V - — :
|
-

FIGURE 3
Schematic of surge-protection device.
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FIGURE 4
Mounting structure for radiator

the voltage and current of each output port in real time; (ii)
control the power outputs of the output ports via the PC software,
which can automatically isolate local faults in an emergency (e.g.,
short circuits and reduced insulation performance of an port). The
core unit of the state monitoring and control system is a micro-
controller chip (MSP430F149; Texas Instruments) with the
characteristics of low operating voltage, ultra-low power
consumption, flexible expansion, and high reliability (Song
et al, 2012). As shown in Figure 5, the MSP430F149 has two
RS-232 serial communication ports: one connected to the
communication system, the other connected to the load
monitoring module. The MSP430F149 has 48 input/output
ports in total, but we use only nine of them, with the others
being spare. Of the nine used ports, six are connected to the
control circuit on the load monitoring module to control the
power supply of the external scientific sensors, and the other three

10.3389/fmars.2022.1089699

Circuit
Board

DC/DC
Power

Arc
Radiator

are connected to the temperature and humidity sensor, the water-
leakage monitoring sensor, and the surge-protection device.

To ensure stable operation of the scientific sensors, the load
monitoring module must keep the supply voltage and current
within safe and reliable ranges. As shown in Figure 5, the six
circuits are isolated from each other, and each circuit is equipped
with voltage and current monitoring and over-voltage protection
(OVP) and over-current protection (OCP) functions. The
voltage and current monitoring monitors the instantaneous
voltage and current on the circuit and triggers OVP and OCP
if they exceed their preset values; the controller then
immediately disconnects the scientific sensor from the power
supply through the control actuator, which comprises MOSFET
(metal-oxide-semiconductor field-effect transistor) QI and
electromagnetic relay KT2 in series. The MOSFET has the
characteristic of fast switching and can be used as a power

FIGURE 5

| Load Monitoring ;
: Module |
I 12124V |
R
| Voltage and }
Communication | _ 1 I @9  Current |
System < PRS232 2 : Monitoring |
Controller 3 | I :
(MSP430F149) 4 : |
Load Monitoring | I~ 5 | < OVP/OCP I
Module <PRS232 Al ;
|

|

I U KT2 }— — 7(1 —11]
9[87 | H |
AA A : Ql |
\] \i v [ ] |

Temperature | |Water-leakage Surge- _h2nav 4
and Humidity| | Monitoring protection Scientific
Sensor Sensor Device Sensors

Block diagram of state monitoring and control system.
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switch to control the load circuit, but it cannot achieve absolute
electrical isolation. Although the electromagnetic relay can
achieve electrical isolation, the contact is prone to arc
discharge when it acts with load; in particular, there is a
possibility of action failure in the case of high voltage and
current (Lin et al., 2011). Therefore, the MOSFET and
electromagnetic relay are connected in series to realize their
complementary performance and improve the reliability of the
actuator. Their working logic is as follows: under normal
conditions, when supplying power to the scientific sensors,
KT2 is first connected, then the conduction of Q1 is controlled
after a delay of several milliseconds; by contrast, in the case of
OVP or OCP, QI is stopped, then KT2 is disconnected after a
delay of several milliseconds.

2.4 Communication system

The communication system of IMSDCO is via optical-fiber
Ethernet communication based on TCP/IP (Transmission
Control Protocol/Internet Protocol). The communication
system architecture is shown in Figure 6. The shore-station
communication system comprises a switch and a server running
the communication system software. The switch is a network
managed industrial optical Ethernet switch (EDS-G509-T;
MOXA Company), which supports web management and
SNMP (Simple Network Management Protocol) to achieve
optimal network settings, and the IP addresses of the ports are
set through the configuration software. The communication
system in the underwater node comprises a switch and a
serial-port server; it realizes communication between the shore
station and the controller in the node and serves as a transit
station for communication between the shore station and the
scientific sensors. The uplink of the switch (EDS-480A-T;
MOXA Company) is connected to the shore station through

10.3389/fmars.2022.1089699

optical fiber, and the downlink is connected to the OMI and the
serial-port server based on TCP/IP through twisted-pair cable.
The serial-port server (NPort 56501-8-DT; MOXA Company)
connects the scientific sensors based on the RS-232 serial-port
communication protocol, which converts the serial-port
communication protocol into TCP/IP to achieve bidirectional
transparent transmission of data. Also, the serial-port server
supports remote configuration, and each of its ports can be set as
an independent virtual IP address via software, so that each
scientific sensor can be accessed remotely at the shore station.
Based on the communication system with this architecture,
authorized users can access the node and the scientific sensors
from anywhere through the Internet.

2.5 Data acquisition and
management system

Six scientific sensors are connected to the underwater node:
five of them (ADCP, CTD, tidal meter, multi-parameter water-
quality detector 1, and OMI) are installed on the bottom
platform; the other (multi-parameter water-quality detector 2)
is installed on the mooring structure. The specifications of the
scientific sensors are given in Table 1.

The hypogynous machine of the data acquisition and
management system packages the collected underwater-node
operation-status data and scientific-sensor monitoring data and
sends them to the PC software in the shore station via the
communication system. The function of the PC software is to
complete data reception, analysis, storage, and visualization. As
shown in Figure 7, the PC software is divided into six core service
modules: (i) sensor-driven service, (ii) data collection and
distribution service, (iii) quality-control service, (iv) time service,
(v) data archiving service, and (vi) data application service. The six
modules exchange scientific-sensor data, control instructions,

Scientific Sensors

ADCP -t

CTD

RS-232

RS-232

RS-232)

Controller

Underwater Node

Shore Station

Server

A A

Tidal Meter

Multi-Parameter
Water Quality
Detector 1 I

A

Multi-Parameter
Water Quality

Serial Server

Switch

Detector 2 RS-232

TCP/[P‘

;

TCP/IP

Optical
Microscopic
Imager

TCP/IP

Switch

1Gbps

(Optical Ethernet

FIGURE 6
Block diagram of communication system
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TABLE 1 Specifications of scientific sensors installed on node.

ADCP

CTD

Tidal meter

Nortek Signature 500K

Max. profiling depth: 60 m (burst mode)/70 m (average mode)

Measurement cell range: 0.5-4 m

Max. number of cells: 256 (burst mode)/200 (average mode)

Max. velocity: 5 m/s (accuracy: + 0. 3% of measured value + 3 mm/s; resolution: 1 mm/s)
Max. sampling rate: 8 Hz

SeaBird 37SIP

Conductivity range: 0-7 S/m (accuracy: + 0. 0003 S/m; resolution: 0.00001 S/m)
Temperature range: —5°C to 35°C (accuracy: + 0. 002°C; resolution: 0.0001°C)
Pressure range: 0-350 m (accuracy: * 0. 35 m; resolution: 0.007 m)

Acquisition time: 1.0-2.6 s/sample

RBR virtuoso D (tide)

Max. pressure: 100 dbar (accuracy: + 0. 05%FS; resolution: 0.001%FS)
Max. sampling rate: 1 Hz, 2 Hz, 4 Hz, 6 Hz (software selection)
Sampling period: 1 s to 24 h

Multi-parameter water-
quality detectors 1 and 2

Optical microscopic imager

A

FIGURE 7

AML P154

Derived parameters: pressure, temperature, conductivity, turbidity, and chlorophyll

Pressure range: 0-100 dbar (accuracy: + 0. 05%FS; resolution: 0.02%FS)

Temperature range: —5°C to 45°C (accuracy: + 0. 005°C; resolution: 0.001°C)

Conductivity range: 0-90 mS/cm (accuracy: + 0. 01 mS/cm; resolution: 0.001 mS/cm)

Turbidity range: 0-3000 NTU (accuracy: + 2% of reading or 0. 2 NTU, whichever is greater; resolution: 0.01 NTU)
Chlorophyll range: blue excitation (A) 0-50 ug/L (accuracy: no specification provided; min. detection limit: 0.025 pg/L); red
excitation (B) > 50 ug/L (accuracy: no specification provided; min. detection limit: 0.5 ug/L)

IPPO5

Particle size measurement range: 500 pm to 20 mm
Max. operating depth: 200 m

Recognition rate: >80%

Operating temperature range: —=5°C to 50°C

<@¢—— Sensor Data

<¢—— Control Commands \ / o
Status Data Dﬁta .( (7I}ect|011 nd Data {%pp}lcatloll
Distribution Se Service
( Message Oriented Middleware

Sensor-Driven
Service

Data Archiving
Service

Data Storage

Sensor Interface
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/ \ \

|
Sensor Data Files
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Architecture of data acquisition and management system.
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andnode operation-status data through message-oriented
middleware, and they cooperate to complete the data collection,
archiving, distribution, and application. The data acquisition and
management system can easily realize various functions, such as
user management, permission setting, data query, historical data
curve browsing, and instrument maintenance record query,
among others.

2.6 Deployment

Having designed IMSDCO, it was tested comprehensively in
the laboratory and an indoor pool to confirm that all the design
specifications and functions were achieved. On 18 September
2021, with the cooperation of partners, the system was deployed at
the cold-water intake of the Hainan Changjiang Nuclear Power
Plant. The observation node before deployment is shown in
Figure 8. We connected the node and the photoelectric
composite cable together on the deck of an engineering ship
and used the crane on the ship to place the node on the seabed
800 m from the shore at a depth of 15 m. Next, the engineering
ship laid the photoelectric composite cable along a preset path to
the intertidal zone. The photoelectric composite cable was pulled
by people on the shore to the shore station and was connected
with the power supply system and communication system after
passing through a photoelectric separation box. After a specially
assigned person checked and confirmed that the system was
connected correctly, we turned on the power supply, switch,
server, and other equipment in the shore station, whereupon
IMSDCO began to work. The shore station then received data
continuously from the underwater scientific sensors, marking the
successful deployment of IMSDCO.

s Il
Water Quality 58
Detector
Mooring
Assembly

Acoustic
Releaser

Floating Body

FIGURE 8
Observation node before deployment.
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3 Results and discussion

After deploying IMSDCO, by the end of March 2022 all of its
functional modules had been running stably for six months and
a large amount of data had been obtained. The 12-V and 24-V
voltages output by the DC/DC converter were continuously
stable, without over-current, short circuit, or other faults. As
shown in Figure 9A, the voltage change was less than 1% even
when the load step changed. The state monitoring and control
system monitored the voltage, current, radiator temperature,
and cabin internal humidity and displayed them via PC software
in real time. The communication system had not been
interrupted, and the shore station continuously received
monitoring data from the scientific sensors and stored them in
the database of the data acquisition and management system.
Authorized users could access the data at any time, including
temperature, salinity, pH, water depth, tide level, ocean current
velocity, and images of DCOs. Temperature and salinity data are
shown in Figure 9B, and images of DCOs are shown in
Figure 10. Based on the data obtained, we used software
algorithms to estimate the changes in DCO abundance with
time (Figure 11). As shown in Figure 11, large numbers of Acetes
chinensis were observed between 00:00 and 09:00, whereas
almost none were observed at other times; the reason for this
is that the temperature of the sea water near the observation
point at night is more appropriate for Acetes chinensis, then
when the temperature rises in the day, they migrate to the deep-
sea area where the temperature is then more appropriate.
Phaeocystis globosa exhibited a similar situation to that of
Acetes chinensis, this being because higher temperature is not
conducive to forming colonies of Phaeocystis globosa cells
(Wang et al,, 2021).

Acoustic
Releas:
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Part of monitoring data:(A) Sensors voltage data;(B) Temperature and

The theoretical basis for estimating the DCO abundance is

as follows:
Q
Apio = v , (1)
V=KxN . )

where Ay, is the biological abundance, Q is the total number of
identified organisms, V is the total volume of sampled water, K is
the water volume corresponding to a single image, and N is the
total number of images.

The prediction of DCO trajectories is based on the SCHISM
three-dimensional hydrodynamic model, which is established
according to the hydrological data of the target sea area, such as
tide level, waves, and current. By bringing the number and
location information of DCOs at different times into the three-
dimensional hydrodynamic model, we can obtain a numerical
model of DCO drift and predict the migration trajectories of
DCOs. The positions of the DCOs monitored in real time are

Frontiers in Marine Science

salinity data.

09

*Please refer to supplementary material for complete data.

used as the initial and correction points to continuously modify
the trajectory parameters so as to optimize the prediction of
DCO trajectories.

The experimental results show that IMSDCO has achieved
the design goals, but it still needs to be improved. The estimated
DCO abundance is affected by ocean currents, image sampling
interval, and biomass of repeated counting in adjacent images,
and there will be errors compared with the actual value. The
OMI used by IMSDCO can only identify DCOs between 500 um
and 20 mm in size, but large aquatic organisms beyond this
range—even aquatic plants and garbage on the sea surface—will
also block the water intake; these disaster-causing substances
must be monitored by adding sonar, cameras, and radar, which
is just one aspect of IMSDCO that needs to be improved. Also, to
achieve early warning of a blockage of the water intake of a
nuclear power plant, it is necessary to monitor a large sea area
near the water intake; however, the spatial distribution of
disaster-causing biological data cannot be obtained through
only one observation point, which will also result in errors in
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FIGURE 10

Photographs of some disaster-causing organisms (DCOs):(A) Phaeocystis globosa;(B) Acetes chinensis; (C) small fish. * These pictures are from
the team of Dr. Li Jianping from the Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, who provided the optical

MICroscopic Imager

DCO abundance estimation and trajectory prediction. In future
work, we also need to carry out underwater multi-point
observation experiments, enrich the monitoring data by
increasing the number of observation points, and reduce
errors as much as possible.

4 Conclusions
We have studied and implemented a seafloor in situ IMSDCO

that provides long-term power and real-time communication for
underwater scientific sensors through a cable. The key technologies
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of power supply, state monitoring and control, multi-protocol
communication, and data acquisition and management were
proposed and implemented, which improved the reliability and
operability of the system. The system was deployed successfully at
the cold-water intake of the Hainan Changjiang Nuclear Power
Plant. During a six-month sea trial, the system continued to operate
stably and obtained long-term hydrological environmental data and
a large number of DCO images. Through the software algorithms to
analyze the collected images automatically, various DCOs were
identified. The monitoring software displayed the DCO abundance
in real time, and if it exceeded the alarm threshold, then the
software would give a warning. The horizontal movement of the
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24-hDCO abundance estimation of Acetes chinensis and Phaeocystis globosa.

planktonic DCOs is driven mainly by the ocean currents, and their
movement track can be predicted by combining the velocity and
direction data. The results of the sea trial show that the optically
based IMSDCO is feasible, thereby providing a new idea and
scientific guidance for DCO early warning and prevention at the
cold-water intakes of nuclear power plants.
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