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Application Strategies of Unmanned Surface Vessel (USV) Surveying System
in Underwater Topographic Surveying of Sluice Projects
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Abstract : This paper focuses on the application strategies of unmanned surface vessel (USV) surveying systems
in underwater topographic surveying for sluice projects. Leveraging its advantages of miniaturization,
high precision, anti-interference capabilities, and unmanned operation, the USV surveying system can
effectively adapt to the complex environments of sluice projects. Based on the specific characteristics
of sluice surveying and the technical features of USVs, this paper constructs a comprehensive
application strategy that encompasses the entire process, including preliminary preparation, on—
site implementation, data processing, and result application. Additionally, it ensures the reliability of
the results through quality control and risk management. Practical applications have demonstrated
that this strategy can achieve centimeter—level precision measurements and shorten the operational
cycle, providing precise data support for safety decision—-making, dredging maintenance, and risk
early warning in sluice projects. It significantly enhances the intelligence and efficiency of underwater
topographic surveying.

Keywords : Unmanned Surface Vessel (USV) Surveying System; sluice projects; underwater topographic
surveying; application strategies
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Practical Research on the Application of Unmanned Aerial Vehicle (UAV)
Technology in Surveying, Mapping, and Construction of Water
Conservancy Projects
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Abstract : With the continuous development of surveying and mapping technology, unmanned aerial vehicles
(UAVs) have been widely applied in the surveying, mapping, and construction of water conservancy
projects due to their advantages of high efficiency, flexibility, and low cost. Equipped with high—
precision sensors, UAVs can rapidly acquire and dynamically monitor water terrain, dam structures,
and construction progress, effectively enhancing the scientificity of engineering design and the
intelligence level of construction management. During different construction phases, UAVs can assist
in tasks such as topographic surveys, construction staking, quality inspections, and completion
acceptances, demonstrating significant technical and economic value. This technology provides strong
support for the digitalization and informatization of water conservancy projects.

Keywords : UAV technology; water conservancy projects; surveying and mapping; construction

management; intelligence
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Treatment and Maintenance Techniques for Filter Blockage in Groundwater
Extraction Wells

Chen Haitao'?, Yang Lizhi'?, Ren Guangzhi'?
1.Harbin Comprehensive Survey Center of Natural Resources, China Geological Survey, Harbin, Heilongjiang 150086

2. Harbin Black Soil Critical Zone Field Scientific Observation and Research Station, Ministry of Natural Resources,
Harbin, Heilongjiang 150086

Abstract : The blockage of filters in groundwater extraction wells seriously affects the normal operation of wells
and the efficient utilization of water resources. This paper provides an in—depth analysis of the causes
of filter blockage in groundwater extraction wells, encompassing physical, chemical, and biological
factors. It elaborates on detection methods for blockage, including pressure testing, flow monitoring,
and in—well imaging techniques. The paper systematically introduces treatment techniques such as
physical cleaning, chemical cleaning, and biological cleaning, while also discussing maintenance
techniques, including regular inspection, backwashing, and optimizing filter design. Through practical
case studies, the effectiveness of the relevant treatment and maintenance techniques is verified. This
paper aims to provide a comprehensive technical reference for addressing filter blockage issues in
groundwater extraction wells, ensuring their efficient and stable operation.

Keywords : groundwater intake well; filter clogging; treatment technology; maintenance technology
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Optimal Allocation Model of River Basin Water Resources and Its Application
in Hydraulic Engineering
Zhang Junwei
Xiping County River and Lake Water Center, Zhumadian, Henan 463900

Abstract : This paper focuses on the optimization model of basin water resources allocation and its practical
application in hydropower engineering. It elaborates on the connotation, objectives, and challenges
such as supply—demand conflicts, pollution, climate change, and multi-objective coordination in
optimizing basin water resource allocation. The paper provides a detailed introduction to key models
including multi-objective optimization models, system dynamics models, fuzzy mathematics models,
big data and artificial intelligence models, along with their construction methods and advantages.
Practical applications of these models in hydropower project planning, water resource scheduling,
and ecological protection are discussed. Emphasis is placed on the crucial role of these models in
improving water resource utilization efficiency, ensuring project benefits, and promoting sustainable
ecological development. This study offers valuable references for scientific management of basin
water resources and sustainable development of hydropower projects.

Keywords : watershed water resources; optimal allocation model; water conservancy and hydropower
engineering; practical application
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Research on the Construction of an Evaluation Index System and Quantitative
Assessment Methods for Safety Culture in Hydropower Enterprises

Chang Zhen, Shi Xingwen
HUANGHE HYDROPOWER DEVEL OPMENT CO..LTD., Xining, Qinghai 81000

Abstract : This paper focuses on the evaluation of safety culture in hydropower enterprises, aiming to construct
a scientific and reasonable evaluation index system and propose effective quantitative assessment
methods to enhance the level of safety culture construction in hydropower enterprises. In terms of
constructing the evaluation index system, considering the characteristics of the hydropower industry
and adhering to the principles of scientificity, systematicity, operability, dynamism, and guidance,
four primary indicators—safety philosophy and values, safety systems and management, safety
behaviors and habits, and safety environment and atmosphere—were initially designed. An indicator
pool encompassing secondary and tertiary indicators was established, and the final evaluation
index system was determined through screening. For constructing the quantitative assessment
model, a multi-dimensional and multi-level overall framework was proposed. The Analytic Hierarchy
Process (AHP) was employed to determine the weights of indicators at various levels, and the
Fuzzy Comprehensive Evaluation Method was utilized to convert abstract safety culture into
quantifiable values. This paper proposes countermeasures and suggestions for enhancing safety
culture in hydropower enterprises from three aspects: overall approach, targeted strategies, and the
establishment of a long—term mechanism. It provides theoretical foundations and practical guidance
for hydropower enterprises to measure their safety culture levels, identify weaknesses, and formulate
improvement measures, thereby contributing to the prevention of accidents and ensuring sustainable
corporate development.

Keywords : hydropower enterprises; safety culture; evaluation index system; quantitative assessment
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Research on Anti-Seepage Grouting Treatment Technology

for Sheet Pile Joints
Zhang Wuyilang', Wu Xiaohua®
1.Rugao Water Conservancy Construction and Installation Engineering Co., Ltd., Nantong, Jiangsu 226500
2.Ruogang Water Conservancy Hub Management Center, Nantong, Jiangsu 226500

Abstract : In the construction of the foundation of the gate body, due to the complex soil conditions, there
is a tendency for the occurrence of excessive tongue and groove joints (width exceeding 15mm)
after the installation of sheet piles, resulting in substandard anti—seepage performance. This article
proposes a anti-seepage grouting treatment plan for sheet pile joints based on practical engineering,
and elaborates on the construction process, including the layout of grouting holes (one diameter
50mm hole is drilled upstream and downstream adjacent to the joint, with the bottom of the hole to
the bottom of the sheet pile), grouting operation (connecting a pressure grouting machine, filling the
surrounding area of the grouting pipe with clay, pressurizing until the joint overflows and pouring while
pulling out the pipe), and cement slurry configuration (Leida P.O32.5 grade cement and clay are mixed
in a 50:50 ratio, and water is added to adjust to good workability). The effect analysis shows that this
scheme can form a cement soil anti-seepage wall with a thickness of not less than 300mm (including
200mm original sheet piles) and a depth of up to the length of the sheet piles, completely cutting off
the seepage channel. There is no seepage observed during irrigation, and the anti-seepage effect is
significant. It provides technical reference for anti—-seepage treatment of similar sheet pile joints.

Keywords : sheet pile joint; anti-seepage grouting; cement soil impermeable wall; seepage channel;
construction technique
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Research on Safety Management Model for Hydraulic and Hydroelectric
Engineering Construction
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Abstract : As a vital infrastructure, hydraulic and hydroelectric engineering projects are characterized by their
large scale, long construction periods, and complex geological environments, making them highly
susceptible to various safety risks. With the acceleration of project construction, traditional safety
management methods have gradually revealed deficiencies in responsibility implementation, technical
control, and information technology application. To enhance safety management standards, it is
essential to summarize key risk points in the construction process through literature review, case
analysis, and data comparison, and establish a multi—-dimensional management model encompassing
organizational systems, technical means, and personnel training, thereby providing a scientific and
systematic management approach for project safety.

Keywords : hydraulic and hydroelectric engineering; construction safety; management model; risk
control; information technology
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Cost Optimization Mechanisms in Pumped-Storage Hydropower
Project Settlements
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Abstract :

The financial settlement of pumped-storage hydropower projects is crucial for ensuring their economic

viability. This study systematically examines the current challenges in the settlement process, identifies

key issues, and proposes cost—control strategies, including enhanced budget management, optimized

resource allocation, and improved multi-stakeholder collaboration, to support decision—-making in

project cost optimization.
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Research on Strategies for Enhancing Operation and Maintenance Capacity of
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Abstract :

As a critical component of infrastructure, water conservancy projects play multiple vital roles in

daily production and life, including flood control and disaster mitigation, ecological water allocation,

and more. Their stable operation is closely linked to the public's well-being. Current operation and

maintenance management face numerous challenges, such as insufficient professional personnel,

inadequate supervision and assessment, and neglected maintenance. Addressing these management

issues, this paper draws on practical experience in water conservancy engineering management

to propose a collaborative operation and maintenance model aimed at improving efficiency and

enhancing personnel training.
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Preliminary Study on the Current Status, Problems, and Development
Strategies of Water Conservancy Fund Supervision and Inspection
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Abstract :

Supervision and inspection of water conservancy funds is a key measure to ensure the smooth

progress of water conservancy engineering construction, guarantee the safety and efficient use of

funds. This article provides an in—depth analysis of the current situation and existing problems of water

conservancy fund supervision and inspection from 2019 to 2023. It systematically elaborates on the

implementation, achievements, problems, and root causes of water conservancy fund inspection work,

and proposes targeted development strategies aimed at improving the level of water conservancy

fund supervision and management and promoting the sustainable and healthy development of the

water conservancy industry.
Keywords :

water conservancy funds; supervision and inspection; problem analysis; development strategy
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Dynamic Control Strategies for Ecological Flow Constraints in Reservoir
Flood Regulation Calculations

Wang Zuotao, Huang Yugian
Enshi Prefecture Hydrology and Water Resources Survey Bureau, Enshi, Hubei 445000

Abstract : Reservoir flood regulation calculation is an important technical means for flood control and disaster
reduction, while ecological flow guarantee is a basic requirement for maintaining the health of
river ecosystems. This paper analyzes the background and significance of considering ecological
flow constraints in reservoir flood control calculations, and deeply explores the main problems
and challenges faced by reservoir flood control under ecological flow constraints, including the
contradiction between ecological demands and flood control targets, the complexity of spatio—
temporal variations of ecological flow, the technical difficulty of multi-objective optimization decision—
making, and the imperfection of monitoring and forecasting systems. On this basis, dynamic control
strategies such as the phased and graded dispatching strategy based on ecological demands, the
dynamic adjustment mechanism of real-time optimization, the intelligent decision-making method
of multi-objective collaboration, and the closed—-loop control system of forecasting — dispatching —
feedback are proposed, providing technical support for the coordinated development of flood control
safety and ecological protection.

Keywords : reservoir flood regulation; ecological flow; dynamic control; multi-objective optimization;
intelligent decision-making
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Optimization of Local erosion Protection Technology for Railway Bridge
Foundations Based on Sediment Transport Model
Song Guanghui, Lin Gang
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Abstract :

In the operation process of railway bridge engineering, more attention should be paid to the protection

of foundation erosion, and the protection technology should be reasonably optimized. In actual

protective work, sediment transport models can be used to ensure effective grasp of relevant data,

clarify the situation of water flow erosion, take reasonable protective measures, and effectively

improve the effectiveness of erosion protection. This article analyzes the local erosion protection

technology of railway bridge foundation based on sediment transport model, explores the application

of sediment transport model, and proposes specific technical optimization measures, hoping to provide

some reference for relevant researchers.
Keywords :

sediment transport model; partial foundation of railway bridge; erosion protection technology
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Research on Soil and Water Conservation Restoration Technology for
Temporary Occupation of Hydropower Projects
Qi Guanghui
Suiling County Changge Irrigation Protection Center, Suiling, Heilongjiang 152200

Abstract : Soil erosion caused by temporary land occupation during hydropower construction has become
increasingly prominent, severely impacting ecological quality in project areas. This study examines
a large hydropower station in Southwest China, conducting systematic monitoring of soil erosion
characteristics during construction phases to analyze erosion modulus patterns across different land
use types. A comprehensive technical framework integrating soil reclamation, vegetation restoration,
and engineering optimization was developed. Soil improvement techniques increased organic matter
content to 18.5 g/kg and restored vegetation coverage to over 75%. Monitoring results showed a
68.2% reduction in soil erosion volume and a plant diversity index reaching 2.31, with ecosystem
services largely restored. These findings provide technical support for ecological restoration of
temporary hydropower project sites.

Keywords : hydropower engineering; temporary land occupation; soil and water conservation; ecological
restoration; soil reconstruction; vegetation restoration
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Application of Ecological Bag Technology in Soil And Water Conservation of
Slope in Hydropower Engineering
Tan Xiuyun
Suiling County Water and soil conservation monitoring Center, Suiling , Heilongjiang 152200

Abstract : Slope stability and soil erosion remain critical challenges in hydropower construction. This study
systematically evaluated the effectiveness of ecological bag technology in slope protection at a major
hydropower station in Southwest China. Through 18 months of field monitoring, key parameters
including slope displacement, soil erosion rate, and vegetation coverage were collected. Results
demonstrated that the ecological bag system maintained maximum slope displacement within 12.8mm,
reduced soil erosion modulus from 3856 t/(km? - a) to 486 t/(km? - a), and achieved 87% vegetation
coverage. The slope protection system showed exceptional stability during heavy rainfall, with runoff
coefficients 42% lower than conventional methods. Economic analysis indicated that the ecological
bag technology reduced overall costs by 35% compared to traditional concrete slope protection, while
maintenance expenses were only 28% of conventional approaches. These findings provide scientific
evidence and technical support for ecological slope protection in hydropower projects.

Keywords : ecological bag technology; hydropower engineering; slope protection; soil and water
conservation; vegetation restoration; soil erosion
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Application Strategies of Unmanned Survey Vessels in Underwater
Topographic Surveys
Liang Juming, Yang Songbai, Cao Xiaowei
Rungang Engineering Survey and Design Co., Ltd., Guigang, Guangxi 537100

Abstract : This paper focuses on the strategies for applying unmanned survey vessels in underwater topographic
surveys, systematically constructs a technical system and operational process, and proposes core
application optimization strategies, aiming to provide technical support for relevant engineering
practices. The technical system encompasses platform systems, sensor payloads, and data
processing systems. The platform system customizes hulls and propulsion based on water area
characteristics and employs integrated navigation and dual-mode control. Sensor payloads are
selected according to needs and calibrated throughout their lifecycle. The data processing system
achieves full-process automation and quality control. The operational process is divided into three
stages: task planning, field data collection, and office processing, ensuring data validity and reliable
results. Core optimization strategies include adapting to multiple scenarios through the collaborative
alignment of the "platform-sensor—operational mode"; enhancing accuracy and efficiency through
calibration, data fusion, and intelligent planning; and constructing a comprehensive safety assurance
system encompassing equipment, data, and personnel. Research indicates that unmanned survey
vessels can achieve efficient, precise, and safe underwater topographic surveys, holding significant
practical value for improving operational quality and efficiency.

Keywords : unmanned survey vessel; underwater topographic survey; platform system; sensor payload
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Research on Vibration Suppression and Operation Stability of Pressure
Pipelines in High-Head Hydropower Stations Based on
Multi- Objective Optimization
Zheng Zhixin

Guangdong Hongmao Construction Management Co., Ltd., Guangzhou, Guangdong 510000

Abstract :

Gaoshuitou hydropower stations occupy a key position in the field of water conservancy and energy,

but the vibration problem of their pressure pipelines has always been the core problem affecting

operational stability and safety. Therefore, an accurate fluid—structure coupling vibration model is

constructed, and a multi-objective optimization algorithm is introduced to optimize the pipeline structure

parameters and operating parameters, aiming to achieve the dual goals of vibration suppression and

operational stability improvement. The research results confirm that the vibration amplitude of the

optimized pipeline is significantly reduced, and the operation stability is effectively guaranteed, which

provides strong technical support for the design, optimization and safe operation of the pressure

pipeline of the high—head hydropower station.

Keywords :
optimization; operational stability

Gaoshuitou hydropower station; pressure pipes; vibration suppression; multi-objective
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Investigation on the Causes of Tube Burst in the Superheater of
Thermal Power Boilers

Huang Zhaofa
China Huadian Corporation Guigang Power Generation Co., LTD., Guigang, Guangxi 537100

Abstract : Superheater tube burst accidents are a key part of the safe operation of thermal power systems.
Such accidents pose a serious threat to the reliability and stability of the power system. A detailed
exploration of its formation mechanism has significant theoretical and practical significance. This paper
focuses on the phenomenon of material aging and high—temperature corrosion conditions. There are
various situations such as over—temperature and over—pressure caused by operating parameters
exceeding the standard, as well as insufficiently meticulous maintenance and lack of online monitoring.
By analyzing the main causes of superheater tube burst from numerous perspectives, corresponding
response strategies are formulated for each cause. Through improving material properties, innovating
anti—-corrosion technology of products, and precisely controlling the parameter conditions during
operation, an intelligent fault prediction system is established. This can provide reliable theoretical and
practical guidance for ensuring the safe and efficient operation of thermal power units.

Keywords : thermal power boiler; superheater tube burst; material deterioration; operating conditions;
preventive maintenance
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The Automation Transformation Path for Casting Machining: from Single
Mmachines to Flexible Production Lines

Lin Runchen
Guangdong Hongte Technology Co., LTD. Zhaoging, Guangdong 526070

Abstract : This paper focuses on the automation transformation of casting machining and deeply explores the
effective path from single—-machine production to flexible production lines. The current situation of the Midea
project was analyzed, including problems such as low order demand and low machine tool utilization
rate, highlighting the necessity of transformation. Then, the assessment of co—production line planning was
elaborated in detail, and the situations where some products can be produced on the same production line
were clarified. The flexible line plan was introduced, goals such as product fixture switching and debugging
were set, and countermeasures such as fixture quick change, tool cup configuration, and program
optimization were proposed. Explain the switching steps for different types of fixtures, such as horizontal
turntable fixtures and |I-beam clamps, etc. The switching process was also analyzed and optimized. By
eliminating the stability of pre—production CMM and implementing parallel operations, the process became
more efficient, providing a comprehensive and feasible solution for the automation transformation of
casting machining, and helping enterprises enhance production efficiency and resource utilization.

Keywords : casting machining; automation transformation; flexible production line; fixture switching;
process optimization
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Collaborative Optimization Strategy of Relay Protection in Distribution

Network Based on Digital Twin
Jing Zhuging
Nanjing SAC Automation Co., Ltd., Nanjing, Jiangsu 211153

Abstract : A"management technology"two-dimensional collaborative optimization strategy is proposed to solve
the problems of delayed response,high misoperation rate and Multi-Agent Coordination faced by the
distribution network relay protection system due to the high proportion of distributed energy access.
In terms of management,the system of"organizational structure optimization system collaborative
innovation"was constructed,and the rights and responsibilities process was clarified through the
establishment of a joint coordination office and a monthly joint meeting;Technically,a collaborative
platform based on digital twin is designed to realize the high—precision modeling of all elements
of distribution network and the integration of multi-source heterogeneous data,which provides an
effective scheme for building an agile and reliable new power system protection system.

Keywords : digital twins; distribution network; relay protection; collaborative optimization; dynamic
setting; intelligent decision support
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Key Equipment Fault Prediction and Health Management System for Thermal
Power Plant
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Guoteng Shanxi Hequ Power Generation Co., LTD., Xinzhou, Shanxi 036500

Abstract : As the core of energy systems, thermal power plants depend on the operational stability of critical
equipment to ensure secure power supply and economic efficiency. Confronted with high loads,
complex operating conditions, and environmental regulations, traditional maintenance approaches
suffer from delayed fault warnings and diagnostic reliance on manual expertise, making intelligent fault
prediction and health management systems imperative. This study proposes a predictive framework
based on Shapley additive interpretation, integrating machine learning algorithms with multi-source
data fusion and deep learning technologies. The proposed system enables early detection of
equipment failures and quantitative health status assessment. By consolidating heterogeneous data
sources including Distributed Control System (DCS) real-time data, vibration signals, and temperature
field distributions, the research establishes a comprehensive technical architecture covering data
acquisition, feature extraction, model training, and health management. This integrated solution
provides a systematic approach for equipment operation and maintenance in thermal power plants.

Keywords : thermal power plant equipment; fault prediction; health management system; deep learning
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Analysis of Hidden Danger Warning and Fault Precise Positioning Technology
of 35KV Collector Line in Wind Farm

Zou Bengang
China Energy Construction Group Tianjin Electric Power Construction Co., LTD., Tianjin 300180

Abstract : As a critical component in wind power transmission, the operational stability of 35kV collector lines
directly impacts the generation efficiency and safety of wind farms. This study systematically investigates
online monitoring—based early—warning methods for common collector line hazards, including conductor
temperature and sag monitoring, insulator leakage current detection, and surge arrester condition analysis.
It also provides an in—depth analysis of traveling wave principles, transient characteristics, and multi—
source information fusion techniques for precise fault localization. Field validation at a pilot wind farm
demonstrates that the proposed early—warning methods and fault localization technologies significantly
enhance line hazard identification rates and fault detection accuracy, offering technical support for
intelligent operation and maintenance of wind farm collector lines.

Keywords : wind farm; 35kV collector line; hidden danger warning; fault location; online monitoring;
traveling wave ranging
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Abstract :

With the transformation of the energy structure towards cleanliness, thermal power units are gradually

shifting from traditional base—load power sources to peak shaving power sources for the power grid.

Against this backdrop, the frequency and extent to which thermal power units participate in deep peak

shaving have significantly increased, exerting a profound impact on steam turbine systems and related

auxiliary equipment. Based on the investigation and analysis of the peak shaving operation conditions

of units of different capacity grades, this paper systematically studies the influence mechanism of low—

load operation on steam turbine equipment, summarizes the common technical problems, and puts

forward targeted optimization suggestions and solutions.
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Industrial Motor Variable Frequency Speed Control Circuit
— Harmonic Suppression Circuit Design and Verification

Peng Zhi
Honghe Guangyuan Hydropower Development Co., Ltd., Yuanyang, Yunnan 662400

Abstract : Variable frequency speed control systems for industrial motors are widely used in energy conservation
and precision control applications. However, the non-sinusoidal output from inverters generates
significant harmonics, leading to increased motor losses, power grid pollution, and equipment failures.
This paper investigates the harmonic generation mechanism in three—phase voltage-type PWM
inverter—driven asynchronous motor speed control systems, proposing three harmonic suppression
circuit designs: passive filter (PF), active power filter (APF), and hybrid filter (HF). A MATLAB/Simulink
simulation model was developed to compare total harmonic distortion (THD), power factor, and
output torque fluctuation characteristics under different load conditions. An experimental prototype
was constructed using TI TMS320F28335 DSP to implement control algorithms, verifying the actual
suppression performance of the filter circuits. Results demonstrate that the hybrid filter achieves grid—
side current THD below 3.2% across all load ranges from 0% to 100%, while maintaining motor-side
voltage THD within 2.8%. Compared with traditional passive filter solutions, the hybrid design shows
over 40% performance improvement with dynamic response time under 50ms, meeting high—precision
speed control requirements for industrial motors.

Keywords : industrial motor; frequency conversion speed regulation; harmonic suppression; passive
filter; active power filter
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