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The year 2021 witnessed the inaugural step of China on its 
new journey as it kicked off its 14th Fiver-Year Plan. It also 
marks the beginning of the second stage of IWHR’s three-
step development strategy, i.e. to become one of the best in 
the club of world-class research institute of water resources 
and hydropower by 2035. Hence, it is by all means a year of 
beginning! Master plans and road maps were drafted in line 
with the national strategy and blueprint considering the new 
development circumstances to constitute a new development 
paradigm with the new development philosophy. A systematic 
development program was made for the next five years 
consisting of detailed plans for discipline development, 
personnel training, research platform building, international 
cooperation, science popularization & knowledge dissemination, 
information application, institute-owned corporation growth and 
logistic support. With great visions and detailed routes all clear 
in mind, IWHR has initiated a new episode of development with 
passions and ambitions. 

The year 2021 has been another fruitful year in terms of R&D 
achievement. Newly-signed contracts of the year totaled CNY 
1.838 billion. IWHR harvested 736 papers, 68 monographs, 
474 patents, 30 standards and 46 ministerial/provincial awards. 
Such great achievement was obtained through the creative, 
effective and targeted research programs serving strategic 
national need, supporting high quality development, and 
underpinning sectorial objectives. Such as the technical support 
for water-related disaster drills in Haihe and Huaihe river 
basins, the drafting of ministerial or regional plans or guidance 
for integrated conservation, efficient use as well as optimized 
allocation of water resources, the study and evaluation of 
ecological protection and treatment of major rivers and lakes, 
the technical backup for construction, inspection, evaluation, 
monitoring and operations of hydropower projects, the 
technical reach-out for borderland provinces and rural areas, 
the happiness river research and evaluation, as well as the 
research on carbon peaking and carbon neutrality, integrated 
management of water resources, construction and application 
of pumped storage power stations, etc.

KUANG Shangfu, Ph.D.

President of IWHR
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This year, despite the lingering impact of COVID-19, IWHR strived to 
maintain an active academic communication and global interaction 
through international seminars or workshops in an online or hybrid way. 
Over 30 online meetings and events were organized in cooperation 
with IWHR’s global partners, including the 2nd Lancang-Mekong 
Water Resources Cooperation Forum, 1st IAHR Online Forum, ICFM8 
Webinar, IAHR Global Water Security Webinar, 1st International 
Seminar on Water Culture, to name a few. Topics of the events cover 
global water security, climate change adaptation, flood management 
and drought relief, regional cooperation on international rivers and 
water culture inheritance and development, etc. An accumulatively 
over 200,000 participants jointed the events virtually or on-site. During 
the year, we actively involved in the 2nd Asia International Water Week 
On Air by organizing the Water and Climate Change Webinar and 
officially made the application for hosting the 3rd of the event in Beijing 
in 2024. We also maintained an active engagement in the activities 
of WWC in the preparation of the 9th World Water Forum in Senegal. 
We also deepened our collaboration and friendship with our overseas 
partners through the exchanges of holiday greetings and the delivery 
of our newly developed cultural products. 

True gold does not fear the test of fire. Facing the unprecedented 
and overlapped global challenges, IWHR will never surrender or lie 
flat. Bearing the noble quality of water which is flexible, generous and 
inclusive, IWHR will tide over all the difficulties joining hands with its 
global partners with enormous courage and infinite passion to work 
for the happiness of the whole human beings by developing, utilizing 
and sharing the knowledge and technology of water and to secure the 
water future of the world!

Kuang Shangfu, Ph.D.
President of IWHR
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Tianjin

Hohhot

China Institute of Water Resources and Hydropower Research (IWHR) is a 
national research institution under the Ministry of Water Resources of China, 
and is engaged in almost all the disciplines related to water resources and 
hydropower research. 

With over 60 years of development, IWHR has grown into an indispensable think 
tank of the Chinese government for decision making and a backbone technical 
consultant in water related areas. It is at the same time the host of multiple 
international organisations or their Chinese branches, including WASER, 
WASWAC, IAHR, ICFM, ICOLD, ICID, GWP, IHA and ARRN.

With 13 research departments and four affiliated enterprises, IWHR is endowed 
with research capacity in: hydrology and water resources, water environment 
and ecology, flood control, drought relief and disaster reduction, soil and water 
conservation, river and lake management, water resources in rural and pastoral 
areas, hydraulics, geotechnical engineering, hydraulic structures and materials, 
earthquake engineering, hydro machinery and electric equipment, automation, 
engineering monitoring and examination, renewable power resources, water 
history and informatisation and remote sensing technology.
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Innovation Practicality Devotion Dedication

Supporting China’s 
water resources 
and hydropower 
development to 
improve people’s 
livelihood

Pioneering the world’s 
development in water 
related science and 
technology

Vision

Striving to be the pioneer for creation 
and innovation of water related 
frontier science and technology

Vision

Mission

Spirit

03
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• To become one of the best in 2035 and to lead in
2050 the club of world-class research institutes of
water resources and hydropower

1 Goal 

• Strategic, overarching, forward-looking and fundamental 
problems of water sciences

• Key technological problems incurred in huge hydro 
projects

2 Priorities

• Innovativeness in science and technology
• Competitiveness in market
• Competency in international arena

3 Capacities

• Scientific and technological innovation
• Research, development and industrialization
• Training of top professionals
• International cooperation and academic exchange

4 Bases

• Human resources
• Relevant disciplines 
• Research infrastructure and facilities
• Institutional settings
• Organizational culture

5 Developments

• Research team
• Disciplines
• Facilities
• Management
• Technical achievements
• Socio-economic benefits

6 Excellences

Strategy

04

CHINA INSTITUTE OF WATER RESOURCES AND 
HYDROPOWER RESEARCH Annual Report
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Mechanical Modelling of Sliding Resistance Effect of Pre-
Anchor on Slope, Method of Service Life Prediction, and 
Key Technology of Life Extension
Main Participants: WANG Xiaogang, WANG Yujie, ZHAO Yufei, LING Yongyu, SUN 
Xingsong, LIN Xingchao, JIANG Long, LIU Lipeng, SUN Ping, DUAN Qingwei, ZHANG 
Qiang, CAO Ruilang, PI Jin, YIN Tao, NIE Yong
Keywords: anchoring technology, sliding resistance and anti-shear, long-term durability

Background
Pre-stressed anchor cable, an important means of slope reinforcement, has been widely used in high slope engineering 
in fields of water conservancy, hydropower, transportation, etc. The long-term operation behavior of anchor cable is 
directly related to the safety of engineering operation. Due to the complicated anchoring mechanism, bad occurrence 
environment, and unclear working behavior of pre-stressed anchor cables, the knowledge of the sliding resistance and 
anti-shear effects of pre-stressed anchor cables is still limited, and there is no suitable life prediction model, and lack of 
effective protection and life extension technologies.

In the recent 20 years, with the support of many national, provincial/ministerial and major research projects, the research 
team has done research focusing on three key problems: how to accurately calculate the anti-sliding effect of anchor 
cables, how to quantitatively predict the service life of anchor cables, and how to effectively extend the service life of 
anchor cables. Through theoretical analysis, numerical simulation and indoor field tests, a new type of engineering 
technology system of slope anchoring has been established, with the mechanical model of sliding resistance and anti-
shear effects of pre-stressed anchor cables, long-term life prediction method, monitoring and detecting techniques, as 
well as life extension technology as the core technologies of the system.

Contents
1. Mechanical model of sliding resistance and anti-shear effects of pre-stressed anchor cables in slopes.

• A large-scale hydraulic servo direct shear test system for anchoring structures (sample size: 1m × 1m × 2m) 
has been developed;

• A three-stage failure mode, i.e., anchor cable extrusion and tension, plastic hinge formation, and zoning tension-
shear breaking, has been proposed; 

• A mechanical model of sliding resistance and anti-shear effects of pre-stressed anchor cables has been 
established.

2. Long-term performance evolution mechanism and life prediction method of anchoring structures.

• Excavation detection is for the first time carried out for anchor cables of five existing projects, including the 
Manwan, the Beijing-Zhuhai Expressway, and the old structure of Fengman Dam.

• Test equipment has been developed to simulate environmental corrosion by full immersion, electrolysis 
acceleration and dry-wet cycling, with which 2,160 groups of indoor corrosion tests have been carried out. 

• A model of life stage division and a life prediction method of pre-stressed anchor cables have been established.

IWHR Innovation
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3. A new type of pre-stressed anchor cable structure and key technologies for cable life extension have been developed.

• A wedge-shaped inner expansion anchor head and a weak part reinforcement and protection structure with 
anti-corrosion inner and outer anchor heads have been developed;

• A new special facility for dynamic adjustment of inner anchor head deformation under excessive stress has 
been developed.

• Technology for real-time monitoring of distributed stress deformation and defect detection has been developed. 

Innovations
1. The sliding resistance and anti-shear mechanism of pre-stressed anchor cable has been revealed, and the mechanical 
model of anti-shear effect of pre-stressed anchor cable has been proposed. With the summary and analysis of the 
operation state of pre-stressed anchor cable, the major defects of the current design method of slope anchoring 
have been discovered. Based on the results of indoor model test, numerical simulation and theoretical analysis, the 
sliding resistance and anti-shear mechanism of pre-stressed anchor cable has been revealed, and the corresponding 
mechanical analysis model has been established on this basis.

2. The corrosion evolution mechanism of pre-stressed anchor cable and a service life prediction method are discovered. 
Through the on-site excavation detection of pre-stressed anchor cable, the corrosion characteristics of anchor cable 
under long-term operation conditions have been found. The corrosion mechanism of anchor cables has been revealed 
based on the indoor pseudo-environment corrosion test including full immersion, electrolytic acceleration and dry-wet 
cycling. On this basis, the service life prediction method of anchor cable is proposed.

3. A systematic safety protection concept of pre-stressed anchor cable has been put forward, and the key technology for 
extending life of pre-stressed anchor cable has been developed. Based on the overview of pre-stressed anchor cable 
structure system, the concept of "strengthening protection of weak parts, dynamic control of overstressing and whole 
process real-time monitoring of deformation" has been put forward. Structural measures for strengthening protection of 
weak parts have been invented, special facilities for dynamic control of overstressing and distributed real-time monitoring 
technology for stress deformation have been developed, forming a complete set of pre-stressed anchor cable system 
including structural measures, special facilities and monitoring technology. 

Application
The above-mentioned technical system has improved the understanding of the reinforcement effect of anchoring 
engineering, filled the gap of service life prediction of anchoring engineering, realized the detection and life extension of 
anchoring, and achieved a breakthrough in slope anchoring technology. The results of this research project have been 
applied in more than 20 projects, including Three Gorges Project, Jinping I Project and Aertashi Project with satisfactory 
performance, bringing about important social and economic benefits.
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Figure 1. Mechanism of sliding resistance and anti-shear effects of pre-stressed anchor cables in slopes

Figure 2. Mechanical model of sliding resistance and anti-shear effects of pre-stressed anchor cables

Figure 3. Dynamic control device for overstressing of pre-stressed anchor cable
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Figure 4. New technology for anchor cable stress and deformation monitoring and defect detection

Figure 5. Fine numerical simulation of the sliding resistance and anti-shear effects of anchor cable in shearing process
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Key Technologies for Monitoring and Early-Warning of 
Flash Floods and Their Application in China
Main Participants: SUN Dongya, GUO Liang, DING Liuqian, KUANG Shangfu, WANG 
Xiaogang, LIU Changjun, HE Bingshun, LIU Ronghua, LI Qing, ZHAI Xiaoyan, ZHANG 
Xiaolei, LIU Qi, TIAN Jiyang, SUN Tao, TU Yong, ZHANG Shunfu, LIU Yun, ZHANG Miao, 
MA Qiang, ZHAO Xueying

Background
Hilly and mountainous areas account for 70% of China’s territory, where flash floods occurrence claims 74% of deaths 
attributable to floods each year. Flash flood prevention constitutes a short board in flood control and disaster mitigation. 
Since 2010, China for the first time launched a national flash flood prevention program including the construction of 
monitoring and early-warning systems at different levels of institutions, with an investment of 11 billion RMB. Compared 
with that for rivers and lakes, the theoretical and technological foundation of flash flood prevention is quite weak: the 
temporal and spatial characteristics of the main dominant factors of the storm-flood-disaster chain and their quantification 
are poorly understood; and the models, methods, techniques or standards for monitoring and warning are almost blank. 
This project aims to quantitatively address core scientific problems such as uncertainties of flood simulation, monitoring 
and warning in small catchment in order to improve the accuracy of early-warning, extend the flood forecasting lead time, 
expand the coverage of warning, and enhance the resilience of the system.

Contents
• Constituting the theoretical and technological system for flash flood monitoring and early-warning in China;

• Studying the characteristics and patterns of storms in hilly and mountainous regions and runoff generation and 
confluence at small catchment scale, as well as the characteristics of flash flood events; 

• Developing a non-linear runoff generation and concentration simulation technology for small catchment in case 
of a flash flood, and software products of hydrological simulation systems for flash floods in small catchments;

• Establishing techniques and methods for early-warning of flash floods in small catchments, and developing 
methods for identifying the risk of flash floods at small catchment scale and analyzing warning thresholds;

• Establishing systematic flash flood monitoring and warning standards.

Figure 1. Distribution of Flash Floods in China

Representative Researches
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Achievements
• A system of theories and technologies for flash flood monitoring and warning in China is established, the 

overall layout of the national flash flood monitoring and warning system is proposed, a multi-stage progressive 
forecasting and early-warning model for flash floods is created, and methods for simulating flash floods in small 
catchments and analyzing dynamic critical rainfall and warning threshold are developed.

• The characteristics and temporal and spatial distribution of disaster-causing storms in China are revealed, the 
hydrological characteristics of small catchments and spatial heterogeneity of underlying surfaces conditions 
across the country are identified, and the temporal and spatial distribution patterns, classification and causes of 
flash floods are ascertained.

• A dynamic flash flood forecasting and early-warning system is established coupling the factors of “hydrology, 
meteorology and risk”, and the threshold calculation methods for dynamic warning in different stages and 
methods for analyzing key parameters such as soil moisture are developed. A non-linear flash flood simulation 
method for small catchments is proposed, and a proprietary software, namely China National Flash Flood 
Hydrological Model (CNFF), is developed.

• A dynamic integration technology and parallel computing system for heterogeneous models in the state 
monitoring and warning platform is developed, an total-factor information correlation model for flash floods is 
proposed, and the technical framework of provincial cloud platform of monitoring, forecasting and warning is 
established which allows deployment at provincial level and application at multi-levels of institutions. 

• Systematic flash flood monitoring and early-warning standards are established for the first time, blazing a mature 
technical route. The methods and techniques are developed and constantly improved for determining the early-
warning thresholds, building the architecture of monitoring and warning platform, and achieving community-
based monitoring and preparedness. Based on this project, four specifications and 28 guidelines are set up.

Figure 2. Multi-stage Progressive Flash Flood Forecasting and Early-Warning System

Figure 3. Application of Multi-stage Progressive Forecasting and Early-Warning (with 
the accuracy rate increased and extended forecasting lead time )
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Figure 4. CNFF Layering and Coupling Framework

a. National Flash Flood Monitoring, Forecasting and 
Early-Warning System

b. The Flash Flood Monitoring, Forecasting and 
Early-Warning System for Fujian Province

Figure 5. Flash Flood Monitoring, Forecasting and Early-Warning Systems

Application
The research achievements have underpinned the implementation of major national strategies including disaster 
prevention, poverty alleviation and rural revitalization, and have been applied in the establishment of flash flood 
monitoring and early-warning systems of the Ministry of Water Resources, the Ministry of Emergency Management, China 
Meteorological Administration, seven river basin authorities, 29 provinces (autonomous regions and municipalities) and 
Xinjiang Production and Construction Corps, 305 prefecture-level cities and 2,076 counties. For five consecutive years, 
risk warnings of flash floods have been released on CCTV during prime hours. These work have brought about significant 
disaster prevention benefits and reducing casualties by over 70%. Meanwhile, the research achievements have also been 
extended to services such as storm flood warnings for check dams on the Loess Plateau and national natural disaster 
risk survey program, bringing about noticeable socio-economic benefits.
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Key Technologies for Coordinated Drainage and 
Dispatching of Urban Water Systems and Their 
Application
Main Participants: LEI Xiaohui, WANG Chao, KANG Aiqing, LIAO Weihong, WANG 
Jianhua, ZHANG Yunhui, JIANG Yunzhong, HUANG Haocheng, FENG Wenwen, LIU Yu, 
CHEN Yang, DING Xingchen, LIANG Yongshuai, XU Ke, ZHANG Xuelian 

Background
Urban water problem is a great challenge for both China and other countries, and to solve this problem becomes a major 
necessity of China for building an urban water security guarantee system and for achieving sustainable economic and 
social development. Water problems in Fuzhou are becoming severe amidst global climate change and urbanization and 
hindering the city's public security and sustainable development. In Fuzhou, water problems are influenced by complex 
factors, and scientific dispatching of water systems, as an important non-engineering solution, still faces multiple 
difficulties such as the prediction of river and lake levels and flooding and waterlogging process, joint dispatching of 
water projects as well as cross-secotral coordination. Regarding these scientific issues, a comprehensive study has been 
conducted which has brought about a series of breakthroughs from technological innovation to practical application in 
real-time forecasting and dispatching. 

Contents
• Mechanism- and data-driven techniques for real-time prediction of river and lake levels;

• Technology for intelligent identification and fast probabilistic prediction of urban flooding and waterlogging;

• A model system for coordinated multi-level dispatching of urban water project clusters;

• A decision support platform for integrated and coordinated management of urban water systems;

Figure 1. Real-time Prediction Model of River and Lake Levels in Fuzhou
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Figure 2. Decouple of optimal dispatching based on three dimention analysis (space-time—overall 
situation—integration) of water conservancy clusters in cities

Achievements
• An urban hydrological model has been established which takes into account urban runoff generation and 

confluence and regulation of water projects clusters; a mechanism-and-data-driven technology for real-time 
prediction of river and lake levels has been independently developed, which improves the prediction accuracy 
and calculation efficiency of river and lake levels, and reduces the average error of three-hour forecast to 5cm.

• The efficiency of real-time forecasting and warning of urban flooding and waterlogging has been remarkably 
improved by intelligently identifying flooding and waterlogging through computer vision and 3D point cloud 
reconstruction, and by using technologies such as heterogeneous asynchronous high-performance computing 
and efficient data storage structure design.

• A model system for multi-level joint dispatching of urban water projects clusters has been independently 
developed, forming an efficient coordinated dispatching model system featuring standardized dispatching, 
optimal decision making and real-time control. A standardized dispatching technology has been proposed 
for flood control and drainage as well as excessive and fluctuate water, securing the orderly coordinated 
dispatching of water project clusters under conventional scenarios.

• A decision support platform has been established for integrated and coordinated management of urban water 
systems, which integrates a real-time total-factor monitoring system of urban water systems, a water system 
forecasting and dispatching model base and a command and control system featuring efficient linkage among 
“people, vehicles, materials and engineering”, resulting in far more timely emergency dispatching and resolution 
of water problems.
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Figure 3. Scientific Dispatching System of Urban Water Systems in Fuzhou City

Figure 4. Seamless Connection of Service-Model-Data for Urban Water System Dispatching

Application
The research results have been put into operation in the Coordiated Drainage and Dispatching Center in Fuzhou City 
since 2018. So far, the platform has contributed to the constitution of over 200 flood control and waterlogging drainage 
plans to prevent serious waterlogging in city areas. With the support of this platform, 44 black and odorous water bodies 
have been cleaned up and 107 rivers have maintained an acceptable water quality for three consecutive years. Through 
tide diversion and optimal dispatching, the platform helped to save electricity charges of more than 20 million RMB 
each year. In April 2021, the “coordinated drainage and dispatching” model of urban water systems was included in the 
Implementation Opinions of the General Office of the State Council on Strengthening Urban Waterlogging Control for 
nationwide roll-out. Underpinned by the research results, the intelligent dispatching of water systems in Fuzhou City, won 
the Energy & Environment Award of 2021 China Smart City Awards.
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Variation Mechanism and Key Control Technologies of 
Water and Sediment in Yellow River Basin
Main Participants：ZHANG Xiaoming, HU Chunhong, AN Cuihua, ZHANG Zhihao, 
ZHAO Yang, YU Kunxia, XU Mengzhen, GAO Jianling, LI Peng, LIU Hongzhen, ZHANG 
Tiegang, XIN Yan, ZHANG Yong'e, HU Haihua, WANG Yousheng

Background
The imbalanced relationship between water and sediment, i.e. inadequate water and excessive sediment, is the crux for 
the Yellow River management. In view of the complex environmental changes, there are still many difficult and critical 
scientific problems to be solved in water and sediment in the Yellow River Basin. For example, whether the confluence 
mechanism and the pattern of sediment production and transport on the Loess Plateau have changed, how to break 
down the nonlinear coupling effects of management measures at different spatio-temporal scales, how to scientifically 
evaluate the future changes of water and sediment in the Yellow River, and how to regulate the water and sediment 
balance in the whole basin under new conditions. In light of the national needs and scientific challenges, the research 
team systematically answers the following questions through comprehensive research: how and why the water and 
sediment in Yellow River has changed, what is the udeveloping momentum and how to achieve coordinated regulation. 
The findings of this research provide technical support for a better coordination of water-sediment regulation and 
collaborative governance of the Yellow River Basin.

Contents
• Research on basic theories: the evolution law of water and sediment in the Yellow River is analyzed on a 

centennial scale and the multi-factor coupling driving mechanism of water and sediment changes in the basin 
and the contribution rate of each factor have been identified ;

• Research and development of key technologies: R&D of collective assessment technology for water and 
sediment changing trends in the basin have been carried out to predict the Yellow River water and sediment 
volume in the next 30-50 years;

• Support for Yellow River management practices: to maintain the health of the Yellow River, a system of threshold 
values for water and sediment regulation is proposed, and technologies for water and sediment regulation in the 
Loess Plateau and the Yellow River Basin under new water and sediment conditions are put forward;

Achievements
• The research has revealed the evolution mechanism of water and sediment in the Yellow River basin on 

a centennial scale and the coupling driving mechanism of multiple management measures, identified the 
contribution rate of individual measures and the combined effect of different measures in the reduction of the 
Yellow River sediment volume, clarifies the characteristics of flood and sediment production and transport and 
the effectiveness of soil and water conservation in rainstorm-affected areas of the basin, and pinpointed the 
cause of the sharp drop of sediment in the Yellow River.

Figure 1. Changes of forest and grass coverage and spatial distribution of terraces and check 
dams in the main sediment-generation areas of the Yellow River Basin
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• Integrated technologies for assessing water and sediment evolving trends in the basin have been established 
in a pioneering spirit, enabling a quantitative evaluation of the existing water and sediment change prediction. 
Giving full consideration to the extreme rainfall scenarios, this researdh provides a collective prediction of 
the water flow and sediment of the Tongguan Hydrological Station of the Yellow River in the next 30-50 years, 
making a research-based forecast on the evolving trend of water and sediment in the Yellow River in the future.

• A threshold value system for water and sediment regulaltion is established for the first time from a basin-wide 
perspective to maintain the health of the Yellow River at the estuaries, along the channels and throughout the 
whole basin. The threshold values respectively for the inflow of sediment and the volume in the mainstream and 
at the esturary are identified for maintaining a relatively stable water-sediment relationship of the Yellow River 
in the future. The research team puts forward the layout of management measures appropriate for the Loess 
Plateau, as well as the technologies and measures for flood control, silt reduction and water-sediment regulation 
and control for the systematic regulation of the new water-sidement relation of the Yellow River Basin.

Application
Based on this study, the research team came up with three major proposals and submitted to the General Office of the 
Central Committee of the Communist Party of China and the General Office of the State Council of China, and all of 
them got the written instructions or comments of the state leaders. "Research on the Adaptability of the Current Status 
Management Planning of the Yellow River Basin", "The Yellow River Management Strategy under the Changing Scenarios 
of Water and Sediment" and "The Layout and Orientation of Soil Erosion Management of the Loess Plateau in the New Era" 
have been adopted by the Water Security Guarantee Plan for Ecological Protection and High-Quality Development of the 
Yellow River Basin and the Mid-term Evaluation of Flood Control Planning of the Yellow River Basin; the Implementation 
Plan for Construction of Silt Storage Dams in the Yellow River Basin and Comprehensive Control of Soil Erosion in Sloping 
Farmland during the 14th Five-Year Plan Period was completed and approved by the Ministry of Water Resources and 
the National Development and Reform Commission for implementation; the flood control and sediment reduction as well 
as the water and sediment regulation models of Yellow River under new water and sediment conditions have effectively 
supported the demonstration of major hydro projects on Yellow River such as the Guxian Project and Heishanxia Project.

Figure 2. Changes of water and sediment in the Yellow River 
(Tongguan Hydrological Station) from 1919 to 2020
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Figure 3. Overall technical solutions

Figure 4. Areas suitable for construction of silt storage dams and their scales on the Loess Plateau

Area type Main dam potential Main dam threshold 
value Existing main dam Future main dam

Loess hilly and gully 
area 25577 7673 4631 3042

Rocky mountainous 
area 1618 485 536 0

Arid prairie area 2343 703 21 682

Highland prairie area 216 65 45 20

Sandy area 287 86 0 86

Loess plateau and 
gully area 4044 1213 374 839

Alluvial plain area 1003 301 78 223

Forest area 201 60 94 0

Loess stage area 1084 325 126 199

Total 36372 10912 5905 5091
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Research and Application of Key Technology on 
Simulation Dams of Super-High Arch Dam
Main Participants: ZHANG Guoxin, LIU Yi, LIU Youzhi, ZHOU Qiujing, LU Zhengchao, 
WANG Zhenhong, ZHU Zhenyang, CHENG Heng, LEI Zhengqi, LI Jintao, XIN Jianda, 
QIU Yongrong, GU Yanling, JIANG Chenfang, XU Xiuming

Background
In recent years, a number of 300m super-high arch dams such as Laxiwa, Xiaowan, Jinping-I and Xiluodu have been 
built in China. However, the engineering practice of these dams indicates that existing technical norms cannot fully cover 
the risks of 300m super-high arch dams. To pursue high-quality construction and intelligent management, a series of 
critical challenges need to be addressed, including the more accurate simulation of the working behavior of these super-
high arch dams, the real-time and precise assessment of the safety state of these dams during the construction and 
operation processes, and the real-time knowledge and dynamic control of the safety state of the projects. Along with the 
construction process of Wudongde and Baihetan hydroprojects, based on the theory of dam behavior and concept of 
digital twin, the team conduct a holistic research on the theory, methodology and key technology related to simulation 
dams construction. It was the first time to construct twin simulation dam in super-high arch dam. The achievements has 
laid a solid foundation for ensuring the high-quality, safty and efficiency on the construction of two 300-meter super-high 
arch dam of Wudongde and Baihetan hydropower station as well as their regular water storage. 

Contents
• The definition, connotation and framework of simulation dams;

• Key technologies for automated monitoring and accurate boundary analysis of simulation dams;

• Derivative mechanism analysis and risk assessment of the real working behavior of super-high arch dams;

• Scheme optimization and adjustment strategies for construction and empounding processes of super-high arch 
dams;

• Establishment of coordinated intelligent management platform of simulation dams;

Figure 1. Simulation Dam Interface
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Achievements
• Based on the lifecycle behavior simulation theory and methodology as well as the digital twin concept, the 

research team for the first time clarified the definition of simulation dam, revealed its connotation and established 
its architecture, laying the theoretical foundation for the construction of twin simulation dams;

• A series of key technological problems for constructing simulation dams has been conquered regarding the 
real data acquisition, real parameter determinination, real boundarie analysis, fine model building and high-
performance simulation algorithms. The research improves traditional safty monitoring system, ensures the 
authenticity of calculation parameters and boundary in the simulation process. A fine simulation model has been 
constructed which enables whole-process real-time simulation of dam working behavior with over 10 million 
degrees of freedom, providing technological support for the realization of dam simulation;

• Through a systematic review, nearly 30 catagories of problems in construction and impoundment of high arch 
dams regarding risk assessment and warning have been summarized, with the evolution mechanism of each 
type of risk analyzed and respective control strategies and plans proposed. A decision-making support system 
for engineering experts is built, providing support for simulating the key indicators and key measures throughout 
the whole construction and impoundment processes and realizing the dynamic adjustment of onsite solutions;

• A real-time simulation and coordinated intelligent dam management platform has been stablished, and a real-
time simulation system developed which enables whole-process real-time simulation and forecasting of dam 
working behaviors during construction and impoundment, and dynamic assessment and warning of safety 
risks. A three-level interactive mechanism coupling the engineering progress, engineering behavior and 
engineering measures has been established that synergizes the dynamic optimization and decision adjustment 
of engineering progress, working behavior and engineering measures, constituting the twin “simulation dams”;

Application
The theories, methods, technologies, control strategies and standards for the simulation of super-high arch dams 
proposed in this project have been fully applied in Wudongde and Baihetan projects, both 300m super-high arch dams. 
The relevant theories, technologies and assessment methods have also been applied in Laxiwa, Xiluodu and Jinping-I 
projects, effectively supporting the high-quality construction of these projects and safe impoundment, bringing about 
enormous economic benefits. The research results have been fully recognized and highly praised by China Three Gorges 
Corporation.

Figure 2. Model building technology of complex structure of dams
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Downstream surface stress XUpstream surface stress Y Upstream surface displacement X

Figure 3. Three-Level Coordinated Control Mechanism

Figure 4. Intelligent Construction and Coordinated Management Platform



|   32   |

IWHR

Theory and Technology for Regional Water Cycle Analysis 
and Water Security Diagnosis in City Clusters
Main Participants: LIU Jiahong, LI Xiang, ZHAO Yong, SHAO Weiwei, MEI Chao, WANG 
Jia, GAO Xichao, BI Wuxia, ZHAO Heng, HE Guohua, ZHANG Shanghong, WANG 
Fuqiang

Background
Water security is a major challenge for regional sustainability in China, especially in a changing environment, where water 
cycle in city clusters has undergone remarkable changes, giving rise to an urgent need for theoretical and technological 
support in ensuring regional water security. Located in China’s capital economic circle, the Beijing-Tianjin-Hebei region 
(the BTH region) is a city cluster with the greatest development potential in northern China and one of the regions with 
the most violent water cycle disturbance in the world. The long-standing contradiction between regional sustainable 
development and considerably inadequate water resources carrying capacity continues to exacerbate. Sponsored by the 
National Key Research and Development Program, this research explores the theory and technology for analysis of water 
cycle and diagnosis of water security in city clusters, providing fundamental scientific support for ensuring the security of 
water resources and managing water risks in city clusters.

Contents
• Analyzing the evolution rules of dualistic natural-social water cycle fluxes in city clusters;
• Developing an urban water cycle simulator for building a healthy water cycle pattern;
• Building a dual-source, multi-layer hybrid model for urban water consumption calculation based on urban land 

use types;
• Studying the driving mechanism and quantification method for the dualistic natural-social water cycle in city 

clusters;
• Analyzing the water use efficiency based on the spectral discretization method;
• Evaluating the regional water cycle health in city clusters based on the cloud model;
• Mapping the county-level spatial distributions of water resources security in city clusters;
• Monitoring and evaluating the water cycle health of an urban area based on several precipitation events.

Figure 1. Major Impacts of Urbanization on Natural Water Cycle Process and Regional Water Security
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Figure 2. The “Water Field” Theory and Its Application in the BTH Region

Innovative Achievements
• The driving mechanism and quantification method of water cycle in city clusters have been proposed. A 

dualistic natural-social water cycle flux dataset has been created for the BTH region. The theory of urban water 
demand field has been established. The coupling characteristics of the natural-social water cycle system have 
been revealed. A dual-driver mathematical model incorporating both natural and social dimensions has been 
developed.

• The evolution mechanism of urban water cycle and the high water consumption phenomena have been 
revealed. An urban water cycle simulator and a model for building a healthy water cycle pattern have been 
developed. With the proposal of the method of full-caliber calculation of urban water consumption, the 
deficiencies of existing hydrological models have been made up, such as “ignoring the evapotranspiration from 
urban anthropogenic water consumption”.

• A method for analysis and spectral discretization of water use efficiency has been developed. Based on the 
Gamma function discretization and by fitting the spectrum curve of water use efficiency, the feature of “double-
peak” during the process of China’s water use efficiency improvement, as well as the imbalance of water use 
efficiency within the same region have been revealed.

• A multi-scale evaluation model for water cycle health and a method of water security diagnosis have been 
developed. A method for evaluating regional water cycle health based on the cloud model and a method for 
evaluating urban water cycle health based on multi-factor monitoring have been developed to assess the water 
cycle health at city and region levels. A method is proposed for projecting county-level socioeconomic and 
water demand and diagnosing water security for coordinated development of a city cluster, and the spatial 
distributions of water security at county-level in city clusters have been mapped.
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Figure 3. Model for Building A Healthy Urban Water Cycle 

Figure 4. Urban Water Consumption under the Natural-Social dualistic water cycle scenario

Applications
The research achievements have been fully applied in the BTH region, supporting the assessment of water security 
and the planning and decision-making of major engineering projects for coordinated regional development, including 
the determination of the regulation approach of the water cycle in Beijing Municipal Administrative Center and the third 
evaluation of water resources in the Haihe River Basin. The research also provides a scientific basis for enforcing the 
principle of “Determine the city scale, land use, population growth and industrial development based water availability”, 
with significant socioeconomic and eco-environmental benefits generated.
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Figure 5. Method for Water Use Efficiency Analysis and Spectral Discretization Based on Gamma Functions

Figure 6. Method Framework for Water Resources Security Diagnosis in City Clusters
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Environmental Process and Effect of Available 
Concentration of Heavy Metals
Main Participants: GAO Bo, WU Wenqiang, GAO Jijun, XU Dongyu, WAN Xiaohong, GAO 
Li, LI Yanyan, LIU Xiaoru, ZHANG Panwei, LI Kun, ZHAO Xiaohui and LI Ang

Background
Heavy metals are one of the main pollutants in the environment. At present, 16.1% of soil (21% of cultivated land) and 
46.4% of sediment of China are suffering from excessive heavy metal pollution. Thus heavy metal pollution constitutes a 
major ecological and environmental problem in China, posing potential threats to water environment and human health. 
In the basic monitoring indicators of Environmental Quality Standards for Surface Water  (GB 3838-2002) of China, 
eight among the 24 indicators are related to heavy metals. The toxicity, migration and bio-availability of heavy metals in 
the environment mainly depend on their chemical form/valence state and transformation process rather than the total 
concentration. However, the absence of evaluation systems and standards for the liable concentration of heavy metals 
and the lack of relevant theoretical studies have caused great difficulties in identifying the potential ecological risks of 
heavy metal pollutants in environment. This project focuses on the research of "environmental process and effect of liable 
concentration of heavy metals", and the results can provide theoretical and technical support for assessing, preventing 
and controlling the risks of heavy metals posed to environmental and ecology in China. 

Contents
• Study on the spatial distribution mode, transfer and transformation and influence factors of heavy metals in the 

sediment profile solid phase — pore water — overlying water and soil solid phase — pore water systems.

• Exploration of the release and resupply kinetics of heavy metals in the soil/sediment solid-liquid phase system 
and the driving mechanisms, and quantification research on the transport of heavy metals in the basin-scale 
“land-reservoir-river-sea” system.

• Construction of in-situ valence method framework and chromium form analysis techniques targeting multi-valent 
trace toxic elements (Cr, As, Sb, etc.).

Figure 1. Transmission flux and fate of heavy metals under different hydrological regimes
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Figure 2. Kinetic processes of labile heavy metals in soil/sediment solid-liquid- DGT systems.

Figure 3. Simultaneous measurement of Cr(III) and Cr(VI) by combining DGT and HPLC-ICP-MS

Achievements
• The occurrence characteristics of labile concentration of heavy metals in multimedia environments (soil, water 

and sediment profiles) have been clarified. The ecological risk assessment system of labile heavy metals in 
multimedia environments has been constructed by combining the heavy metal quality criteria and the labile 
heavy metal quantification model, thus achieving an accurate assessment of ecological and environmental risks 
posed by labile concentration of heavy metals.

• The influence of the flooding process on the transport fluxes and the fate of the labile heavy metals at the "soil-
water in water-level-fluctuation zone" interface have been clarified. The total amount of heavy metals in the 
soil of the water-level-fluctuation zone in the Three Gorges Reservoir Region has remained unchanged after 
the flooding, but the labile concentration of heavy metals transporting into the reservoir after the flooding has 
increased by nearly five times (from 213 to 1,278 tons), while the labile heavy metals only accounted for 10% of 
the total heavy metals entering into the Three Gorges Reservoir.

• The concept of "in-situ metal speciation" has been proposed for the first time, the method framework of in-situ 
metal speciation analysis and monitoring has been constructed based on in-situ DGT accumulation and HPLC-
ICP-MS high-precision measurement, and the methods of in-situ metal speciation analysis of chromium (Cr) in 
different water environments have been established, simultaneous acquirement the information on the in-situ 
Cr(III) and Cr(VI). 

Application
The theoretical results above have been published in 28 high-quality papers at international mainstream SCI journals 
specialized in water environment and water ecology, hydrology and water resources, soil science, etc. In addition, two 
monographs have been composed. One of them, "Characteristics and Effects of Water Environment Evolution of Heavy 
Metal Pollutants in Three Gorges Reservoir", published by Science Press in 2021, was funded by the National Publication 
Fund Project in 2021.



|   38   |

IWHR

Nonlinear Dynamic Parallel Computing of High Concrete 
Dams
Main participants: MA Huaifa, CHEN Houqun, XU Wenxiang, WU Jianping, ZHANG 
Lihong, LV Wei, LIU Guoqing, ZENG Xinxiang, ZHU Hongdong, HE Jiantao, CHANG 
Tinggai, XU Lianghua

Background
Under the action of strong earthquake, high concrete dam and its foundation may experience strong nonlinear 
deformation and even instability failure process. To evaluate the seismic safety of high concrete dam comprehensively 
and accurately, large scale numerical calculation is needed. At the same time, a series of complex problems need 
to be solved, including dam-reservoir hydrodynamic interaction, radiative damping effect of dam foundation, contact 
nonlinearity between dam expansion joint and foundation interlayer, and nonlinearity between dam body and foundation. 
The research of this project focuses on the problems of contact and material nonlinearity involved in dynamic response 
analysis of high concrete dam under strong earthquake actions, as well as parallel computational methods and 
programming techniques for large-scale numerical simulations, so as to realize massive and multi-scale numerical 
simulations of the whole process of catastrophic evolution of high concrete dam systems under strong earthquakes.

Contents
• Dynamic damage mechanism and mesoscopic numerical analysis of dam concrete materials;

• The solving method of contact nonlinearity and material nonlinearity of concrete dam:

• The artificial boundary of semi-infinite foundation and ground motion input method;

• Algorithm research and program development of a static and dynamic parallel computing system for high 
concrete dams;

• Seismic safety evaluation indicators and approaches for concrete dams.

Achievements
• A method for generating a random convex polyhedral (convex polygon) gravel aggregate model for fully-

graded concrete and a topological method for generating meso-structure model of star-shaped solid reinforced 
particulate composite material are proposed. Based on the proposed meso-mechanics theory of concrete, the 
mechanism of enhancement effect of pre-static loading on dynamic tensile strength of concrete is revealed. 

• A surface-to-surface contact algorithm with pre-partition for parallel computation and a step-by-step contact 
algorithm with small storage capacity and easy parallelization are presented. A fully implicit iterative method 
for the elasticoplastic damage of concrete-like materials are proposed, which can describe the nonlinear 
deformation characteristics of concrete materials more comprehensively.

Figure 1. Random aggregate model for fully-graded 
concrete(Aggregate content of 70.7%)

Figure 2. Topological deformation of reinforced 
particle and the interface transition zone control
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• The principle of artificial viscoelastic virtual displacement of semi-infinite rock foundation and the principle 
of dynamic consolidation of semi-infinite saturated soil foundation are established respectively, and the 
symmetrized splitting operator method for dynamic consolidation problem of saturated porous semi-infinite 
foundation is proposed.

• A parallel preprocessing technique of factor combination for general sparse linear equations is developed, and 
a coarse grid correction algorithm for domain decomposition based on parallel preconditioners is proposed. 
On this basis, a general parallel preconditioned subspace iterations (GPPS) for solving general sparse linear 
equations is proposed, which provides an efficient technical means for large-scale numerical simulation of high 
concrete dams.

Application
Related research results have been published in   and Structures, Composites science and technology, Powder 
technology, Composite Structures, Soil Dynamics and Earthquake Engineering  and some other renowned international 
academic journals. As of now, the developed GPPS solver has been applied to geophysical, space technology, weather 
forecasting and other related research fields. The parallel calculation and analysis system for seismic response of 
concrete dam system (PCDSRA) established has been applied to seismic safety evaluation of major hydropower projects 
such as Xiaowan, Xiluodu, Baihetan, etc., and has built a high-performance computing platform for the seismic safety 
evaluation of high concrete dams.

Figure 3. Mesoscopic numerical simulation of concrete

(a)Static damage

(c) Dynamic damage with the static preload

(b)Dynamic damage

(d) Influence of the static preload on the dynamic 
flexural strength of concrete

Figure 4. Parallel computing of seismic response of high arch dams

(a)  Parallel computational domain decomposition (b) Seismic response analysis
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High-efficiency Vegetation Restoration and Seabuckthorn 
Industrialization Technology and Demonstration in the 
Wind-water Erosion Crisscross Region of the Loess 
Plateau
Main Participants: LIU Guangquan, BAI Yingfei, TU Xiaoning, AI Ning, WEI Tianxing, CUI 
Jiangyong, QI Chunyu, LIU Guangliang, SHANG Jingshi, PUYANG Xuehua, WANG Shuo, 
DING Xinhui

Background
The water-wind erosion crisscross region in the Loess Plateau is located in the transitional zone among the ecologically 
fragile middle reaches of the Yellow River, the ecological barrier in the northwest and the sand prevention belt in 
the Northern China, which features harsh natural conditions, difficult vegetation restoration, severe soil erosion and 
fragile ecosystem. It is an important part of China’s ecological security strategy of "Two Barriers and Three Belts". 
With small riverbasin as the unit, the high-efficiency vegetation community experimental demonstration area as the 
base, and efficiency improvement and value-added industrialization of seabuckthorn as the main theme, the project 
fortifies prevention project in line with the type of eco-hazard to achieve the optimized allocation and efficient use 
of natural resources. Through these approaches, a systematic, replicable and easy-to-promote technical solution is 
formed integrating mountains, rivers, forests, farmlands, lakes, grasslands and deserts, combining regional ecological 
governance, ecological industry and eco-household project. The solution improves the comprehensive service function 
and benefit of regional ecosystem, functioning as a technical model and demonstration project of comprehensive control 
of regional soil erosion, and supports the implementation of the philosophy that lucid waters and lush mountains are as 
valuable as gold and silver.

Figure 1. Plant Restoration and plantation technology for deep planting of container seedlings on steep slopes
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Contents
• Research on technology for maintaining soil fixation and water conservation function of vegetation. Focusing on 

the integrated prevention and control of water and wind erosion, the research team mainly studies the following 
aspects of forest and grass vegetation: types, characteristics of community structure, the causes of low function, 
and the comprehensive allocation technology to maintain stable soil and water conservation function.

• Research on nature-imitating plantation technology of high-efficiency vegetation. Aiming at improving the 
ecological function of artificial vegetation, the research team mainly studied the selection of stable vegetation 
community structure, the analysis of main restrictive factors of vegetation plantation, and the nature-imitating 
plantation technology of high-efficiency vegetation .

• Research on high-efficiency seabuckthorn forest plantation and industrialization technology. Aiming at improving 
the ecological and economic function of seabuckthorn forest, the researchers mainly studied the plantation 
technology of different types of seabuckthorn forest, the key technology for increasing seabuckthorn yield, and 
the research and development of seabuckthorn industrialization technology.

Figure 2. Key technology for improving quality and efficiency of low-quality and low-efficiency vegetation



|   42   |

IWHR

Figure 3. Technology for plantation and value enhancement of high-yield 
seabuckthorn gardens reclaimed from open-pit mining areas

Achievements
• Having formed five sets of technical systems, namely, nature-imitating plantation technology of high-efficiency 

vegetation, key technology for improving quality and efficiency of low-efficiency vegetation, plantation 
technology of typical high-efficiency seabuckthorn forest, key technology for increasing seabuckthorn forest 
yield, and key technology of soil improvement and slope erosion prevention for forest and grass vegetation in 
semi-arid loess area.

• Having made important progress in the study of regional micro-terrain vegetation plantation theory and effect, 
structural characteristics of seabuckthorn vegetation and influence, theoretical system of forest and grass 
distribution and plantation, and evolution of vegetation cover at different scales and its coupling with the 
environment.

• Having built three innovative institutional mechanisms, including the comprehensive management mode of 
barren hills and slopes contracted by family forest farms, the technical system of reclaimed high-yield gardens 
of seabuckthorn in open-pit mining areas, and the construction of Chinese herbal medicine bases on the land 
restored from farmland.
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Figure 4. Construction of Chinese herbal 
medicine bases on land returned from farmland

Application
A total of 42.25 km2 of core demonstration area has been constructed, by which the land use output value has increased 
by 15.0%~65.0%, and the result application has radiated to over 1152.0 km2 of areas at county level. Five 10,000+ mu 
demonstration zones of concentrated and contiguous comprehensive treatment have been built. In Yan'an City alone, the 
research outcome has been applied to a total of 2333.33 km2 of area through the experimental demonstrations, technical 
training and consultation, planning participation, on-site demonstration guidance, comprehensive benefit monitoring, etc. 
The technical system has been demonstrated and promoted in Yan'an, Yulin and Ordos with broad prospect.
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Ecological Model, Planning Method and Engineering 
Practice of the  River-lake Water System Connectivity
Main Participants: ZHAO Jinyong, ZHANG Jing, PENG Wenqi, DONG Yanjun, ZHAO 
Xianfu, JIANG Yong, LIU Yesen, CHEN Huawei, HAN Lei, FENG Shunxin, LIU Jin, FU 
Yicheng

Background
River-lake water system connectivity is an important approach to solve problems such as water shortage, water security 
threats, water environmental pollution and water ecological damage. In recent years, the Ministry of Water Resources 
(MWR) has made arrangements for the research on river-lake water system connectivity strategies, while local authorities 
have also successively engaged in the relevant practice and gained useful experience. However, given the complexity 
of river and lake systems in hydrology, water environment, topography and geomorphology, regional economy and other 
aspects, there is still a lack of adequate understanding of river-lake water system connectivity and its environmental 
impact. Therefore, it is imperative to carry out key planning technical research on ecological connectivity focusing on the 
restoration and protection of water ecology and environment, while taking into account water resources allocation, flood 
control and disaster mitigation. This project starts with the research, demonstration and application of the basic theory, 
technology, engineering system and assessment of river-lake water system connectivity.

Contents
• Research on the theoretical system of river-lake water system connectivity in light of the principle of ecosystem 

integrity;

• Carrying out research and development of key technologies such as the survey and analysis technology of 
ecological connectivity, the model of connectivity analysis, the relevant engineering technology system and the 
evaluation of the connectivity effects;

• Demonstration and application in typical areas;

Figure 1. Schematic diagram of three types flows via four dimensional connectivity ecological model
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Achievements
• Having proposed a model of Three types flows via four dimensional connectivity ecological, identifying three 

type of ecological process, including material flow, species flow and information flow, and revealing the evolving 
features and patterns of river system at four dimensions, i.e., longitudinal, lateral, vertical and temporal;

• Having formed a set of technologies for quantitatively characterizing the physical structure connectivity of river 
and lake systems and the dynamic connectivity of hydrological landscape patterns;

• Having developed a numerical analysis model of water quantity, water quality and water ecology of regional 
water networks, to which a fish habitat suitability evaluation module is coupled;

• Having independently developed a toolkit of technologies for enhancing three-dimensional spatial connectivity 
of river and lake systems, which is dominated by natural materials and supplemented by artificial materials;

• Having developed a planning and layout scheme optimization platform for river-lake water system connectivity, 
which integrates the whole process of water system generalization, connectivity evaluation, predictive analysis 
and scheme optimization;

Figure 2. Several Typical Ecological Revetment Technologies

Figure 3. Experimental Device
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Figure 4. Technology Platform for Selection of Overall Layout Scheme of River-lake 
Water System Connectivity in Yangzhou City

Application
Based on the research, the team has taken the lead to prepare the Technical guidelines for river-lake ecosystem 
conservation and restoration engineering (SL/T800-2020), an industrial standard of the Ministry of Water Resources (MWR) 
of China, in which a special chapter is devoted to river-lake water system connectivity in the standard. The release and 
implementation of the standard was reported by the People’s Daily under the title of “Technological Support in Place for 
Maintaining the Beauty of Rivers and Lakes”. The research results have been applied in eight pilot provinces including 
Guangdong, Guangxi, Jiangsu, Henan, Shandong, Jilin and Zhejiang since 2017, and have supported MWR in carrying 
out the special project on water system connectivity.
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Study on Characteristics of Denitrated Fly Ash and 
Key Technologies for Its Safe Application in Hydraulic 
Concrete
Main Participants: KONG Xiangzhi, ZHANG Sijia, LI Wenwei, JI Guojin, LIU Yanxia, 
WU Kui, ZHU Zhenggui, ZHENG Xu, LIU Chen, LIU Chenxia, MA Xiaoxu and ZHANG 
Yangsan

Background
Fly ash is a solid waste from coal-fired power plants with an annual emission of about 600 million tons. It has been widely 
used in industrial and civil buildings as a recycled material. High-content fly ash, as one of the necessary components 
of hydraulic concrete, is often adopted in hydropower projects to solve the thermal cracking of mass hydraulic concrete. 
In recent years, with the raising of the national emission standards for nitrogen oxides, denitrification was added to the 
production process of coal-fired power plants, which led to the residual ammonium salts in fly ash, commonly referred 
to as "denitrated fly ash". The chemical reaction of concrete mixed with denitrated fly ash would release ammonia gas 
that adversely affects the engineering quality and endangers the health of operators in severe cases. However, there 
was still no test method and quality control standard for denitrated fly ash at home and abroad, and its impact on 
concrete performance is not completely clear, so it was imperative to carry out fly ash application technology and related 
theoretical research. This project aimed to study the characteristics of denitrated fly ash and the technical problems of its 
safe application in hydraulic concrete.

Elements of 
Spectrogram 1 OK Mg K AI K Si K SK KK Ca K Fe K Total

Weight
percentage (%)

47.81 1.01 2.84 11.06 0.81 0.72 30.84 4.31 100

Figure 1. Hydration products of concrete mixed with denitrated fly ash
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Contents
• To reveal the characteristics and reaction mechanism of denitrated fly ash by testing chemical constituents, 

physical properties, particle gradation and morphology of fly ash from power plants.

• To test the properties of fresh concrete, hydration products and microstructures of hardened concrete and 
analyze the mechanical, thermal, deformation properties and durability of concrete prepared with fly ash of 
different ammonium content levels.

• To study the law of ammonia releasing and reveal the influence and mechanism of ammonium salt in fly ash on 
concrete performance.

• To study and determine the safety limit of ammonium salt affecting concrete performance, and determine the 
safety limit of ammonium content to ensure the occupational health of constructors and operators.

• To establish the quality control system of concrete mixed with denitrated fly ash.

Achievements
• Having expounded the mechanism and influencing factors of ammonium salt in denitrated fly ash of thermal 

power plants, and revealed the influence of residual ammonium on the quality of fly ash, macro- and micro-
properties of cement mortar and concrete.

• Having proposed two test methods of ammonium content in fly ash, which are respectively applicable for indoor 
accurate test and on-site rapid test, and established the national standard and the enterprise standard of China 
Three Gorges Corporation.

• Having developed a device and a method for measuring the whole process of ammonia releasing from concrete 
mixed with denitration fly ash, and revealed the law and influencing factors of ammonia releasing.

Figure 2. Test method of ammonium content in denitrated fly ash

a. Distillation — titration method b. Electrode method

Figure 3. Ammonia releasing law of  concrete mixed with denitrated fly ash
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Figure 4. Quality control system of concrete mixed with denitrated fly ash

• Having proposed the safety limits of ammonium content in fly ash: Class A, ammonium content ≤ 200 mg/kg, 
applicable for any part; Class B, ammonium content ＞ 200 mg/kg, limited use, on-site demonstration to be 
conducted and necessary measures to be taken.

• Having established the quality control technology system of concrete mixed with denitrated fly ash, including 
the test method of ammonium content in fly ash, safety limit and key parameters of concrete quality control.

Application
The research results have been applied to Baihetan hydropower station, Wudongde hydropower station and SETH water 
control project in Xinjiang. Based on the research results, inspections are required to be done at the exit and entry of fly 
ash. After on-site inspection of fly ash performance and concrete pouring, it has been confirmed that the concrete meets 
the design requirements and thus ensures the occupational health of operators. The period from 2018 to 2020 was the 
peak construction period of Baihetan hydropower station. In this period, by reducing concrete waste and reducing the 
loss of parking waiting time for supply vehicles, this technology helped to cut the construction cost of Baihetan Project by 
about 372 million yuan. The national standard “Limit and test method of ammonium ion content in fly ash ” (GB/T 39701-
2020) composed based this research has been officially implemented since November 1st, 2021.
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Guidance for Flood Disaster Avoidance and Self-Rescue
Main Participants: HE Bingshun, LIU Ronghua, LI Qing, CHEN Yao, TU Yong

Background
China was and remains one of the countries most stricken by floods and droughts. Flood and drought management has 
been a national priority for which the public safety and national prosperity are at stake. To prevent and address flood 
risks and ensure the safety of lives and property, the key is to improve the public flood prevention awareness, proactive 
risk aversion and emergency response capabilities through knowledge dissemination and education. Teenagers are 
the priority target group for promoting popular science and education. Meanwhile, community residents and other 
people without relevant knowledge reserves are considered. The Guidance for Flood Disaster Avoidance and Self-
Rescue  balances the touch of education (creating influence), entertainment (striking up interest) and reasoning (building 
credibility), and focuses on imparting personal risk-avoidance and self-rescue skills in the face of flash floods, urban 
inundation, and typhoon disasters. The ultimate goal is to guide the public to respect nature and avoid risks in an 
appropriate manner.

Contents
• Easy-to-understand contents: the basic knowledge of flood disasters, prevention measures and self-rescue and 

mutual rescue tips and methods;

• Rich and expanded knowledge points: interdisciplinary knowledge covering meteorology and hydrology, and 
facts about river systems, etc. Organized in an informative, engaging, and practical manner;

• Complete knowledge system: cultivating the knowledge of risk avoidance and self-rescue through easy-to-
understand language, and awakening readers' perception of risks and proactive risk avoidance;

Achievements
• Knowledge-packed: Teenagers are the priority target group for promoting popular science and education, and 

are at an important stage of life when their views of the world, life values, and propositions take form. Cultivating 
their behavior habits and mindsets plays an important role in improving national general literacy. Meanwhile, 
the target group has been expanded to cover the community residents and other people without relevant 
knowledge reserves. The communities hence can improve flood disaster prevention education in a more 
professional and informed manner.

Figure 1. Cover Figure 2. one inner page on determining the best escape 
route in the face of a flash flood event
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• Scientific: The pros and cons of floods are analyzed with examples with the knowledge of hydrology, 
meteorology, and river systems integrated in the elaboration, and risk avoidance and self rescue measures are 
introduced in consideration of different situations and conditions.

• Practical: flood scenes that mimic the real-life situation are selected to help readers better relate to reality. 
The knowledge of flood disaster avoidance and self-rescue is introduced in an easy and concise way through 
pictures, questions and answers, cases, knowledge classes, etc.

• Up-to-date: This Guidance fully embodies the concept of "people and life first", and transfers the knowledge of 
risk avoidance in flash floods and typhoons or in cases like cars wading through floodwater to teenagers and 
community residents. The book is well recognized by readers from the feedback collected thus far.

• Artistic: Through hand-painted pictures, photos, cartoon images and other means of expression, both scientific 
knowledge and practical life-saving tips are perfectly explained in the book. With its easy-to-understand, 
interesting and educational contents and illustrating pictures, the Guidance  effectively helps teenagers and 
community residents absorb the relevant knowledge.

Application
The Guidance  has been widely read in many primary and secondary schools and communities in Hebei, Chongqing, 
Qinghai, Ningxia and other provinces (autonomous regions and municipalities), and have been well received by the 
masses, teachers and students alike. It has further promoted the introduction of knowledge books into schools, districts 
and communities, consolidated the attention of families and the society to flood disaster prevention in a trickling-down 
manner, and effectively improved the society's understanding on flood disasters. In 2021, in assisting the Flood and 
Drought Disaster Prevention Department of the Ministry of Water Resources to carry out the education campaign "me for 
my people", the books have been given to grassroots cadres and masses, effectively helping with improving their risk 
avoidance capabilities.

Figure 3. In the education campaign "me for my people", the 
Flood and Drought Disaster Prevention Department donating 

the Guidance to Shapotou District Water Affairs Bureau

Figure 4. News about the donation on the official 
website of the Ministry of Water Resources
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In Journal of Hydraulic Engineering  

Development and application of bidirectional coupled  
ecohydrological model:I. Model theory and method
ZENG Sidong, XIA Jun, DU Hong, CHEN Xiangdong
Abstract: The key process of ecohydrology is the coupling of water and carbon cycles controlled by stomatal 
behavior of vegetation, which links the land surface hydrological and ecological processes, and affects the 
balance among water, energy and carbon. Developing a bidirectional coupled model is significant for the 
investigation of the interactions of land surface ecohydrological processes. In this study, the Distributed Time 
Variant Gain Model(DTVGM) is improved with the major modules of water and energy processes,photosynt
hesis,vegetation dynamics and then coupled with the Carnegie-Ames-Stanford Approach Carbon Nitrogen 
Phosphorous (CASACNP) biogeochemical model, which forms a bidirectional coupled ecohydrological 
model. Then the model framework, coupling simulation and model theory and method are proposed. The 
model could be a basis for land surface hydrological and biogeochemical simulations.
Keywords: ecohydrology; DTVGM; CASACNP; model theory; bidirectional coupling

Research on the ecological integrity-oriented environmental flow 
regime of the Lower Yellow River
SHANG Wenxiu, PENG Shaoming, WANG Yu, ZHENG Xiaokang, WU Jian, LIU Baijun
Abstract: Providing appropriate environmental flow regime is important to maintain river health and support 
the development of human society. Despite the clear physical mechanism and wide application of the 
habitat simulation method,the accuracy of which is often questioned due to insufficient indicator species and 
ignorance of life rhythm signals. In order to maintain the native ecological integrity of the riverine ecosystem, 
the natural flow regime is taken as the hydrological reference system to develop an ecological integrity-
oriented environmental flow regime assessment method by coupling habitat simulation with characteristic 
values of hydrological reference system. This method can ensure the survival and reproduction and 
indicator species and the survival of native biocommunity. The assessment results of Lijin in the Lowe Yellow 
River show that the minimum annual environmental flow requirement in Lijin is 11.9×109 m3;the suitable 
environmental flow requirement in Lijin is 13.0×109 m3~13.7×109 m3; 1~2 high flow pules which last more 
than 7d and more than 1220 m3/s need to be provided in the rising water season. By comparing the historical 
measured flow data and the environmental flow demand results in this paper, the total water volume is 
sufficient but the flow process could not satisfy the environmental flow regime requirement in Lijin. Therefore, 
it is necessary to enhance the reservoir group intra-annual and inter-annual regulation to provide appropriate 
environmental flow regime and create high flow pulses in suitable time.
Keywords: ecological integrity; environmental flow regime; habitat simulation; ecological habit; hydrological reference 
system

Best Papers
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Experimental study on compressive properties and 
impermeabilityof hydraulic asphalt concrete under different 
temperatures
NING Zhiyuan, LIU Yunhe, WANG Weibiao, ZHANG Kai
Abstract: Abstract: In order to study the compressive properties of hydraulic asphalt concrete under different 
temperatures and the impermeability after loading, the axial compressive test was carried out at -30℃ ~30℃ , 
and the permeation test was conducted on the specimens subjected to the combined action of temperature 
and loading. The test results show that the temperature has significant influence on the stress-strain curve, 
compressive strength, elastic modulus, critical strain and failure modes. By comparing the stress-strain 
curve characteristics of hydraulic asphalt concrete at -30 ℃ ~30 ℃ , it can be inferred that -10 ℃ ~0 ℃ is the 
critical transition temperature range. Compressive strength and elastic modulus decrease with the increase 
of temperature, while the critical strain increases. Based on the test results, the empirical formulas proposed 
in this paper better reflect the variation trends of compressive strength, elastic modulus and critical strain 
varying with the temperature. In addition, the failure at a temperature range of -30 ℃ ~0 ℃ is mainly in 
binder failure and trans-aggregate failure modes, whereas that at a range of 10 ℃ ~30 ℃ is mainly in binder 
failure mode. Moreover, the impermeability of hydraulic asphalt concrete after the loading is related to the 
temperature ambient. When the specimens are subjected to 7% axial compressive strain at a temperature 
range of 10℃ ~30℃ ,its permeability coefficient is still in the order of 10-7 cm/s~10-6 cm/s, showing its good 
impermeability.

Keywords: hydraulic asphalt concrete; mechanical properties; temperature effect; impermeability; failure 
modes

A review of key technology research on the National Water One 
Map System
CAI Yang, XIE Wenjun, CHENG Yilian, CHEN Deqing, CHEN Zidan, FU Jing
Abstracts: There are many problems existing in building and application of water information system, such 
as dispersed data resources, inadequacy of information sharing, and difficult application collaboration. With 
the development of water resources informatization, more and more systems are building based on map 
application. National Water One Map system has been completed for all water management departments. 
It is based on a comprehensive system for information resource planning, unified support service and 
application system reconstruction. The key techniques developed include the water data modeling theory 
and methods based on full-relationship, system research and development for intensive sharing, and "One 
Map plus" business application system. The system regulates construction and application of geographic 
information, promotes data sharing and strengthens the coordination in water sector.
Keywords: Water One Map System; water data modeling; geographic information service; information 
updating mechanism; business application system

Large-scale ecological operation research and practice
DENG Mingjiang, HUANG Qiang, CHANG Jianxia, HUANG Shengzhi
Abstract:  This study summarizes the progress, trend and developmental characteristics of ecological 
operation and restoration, and suggests that reservoir operations have changed from a simple operational 
process embedded the "ecological target" to a comprehensive operational process of large-scale ecological 
operation in the "post-dam era", which incorporates the basin scale(large spatial scale), long-term series(large 
temporal scale), and water cycle(large system). Furthermore, it is pointed out that ecological operation is one 
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of the most effective methods for ecological restoration and protection, and proposed the key challenges 

of the ecological operation in inland river basins in arid regions. The large-scale ecological operation is 

demonstrated for the ecological operations of the Tarim River and the Irtysh River, which are based on more 

than 20-year dynamic monitoring and management to comprehensively evaluate the ecological restoration 

and the strategies of ecological operation and protection. Results show that, ① ecological restoration is 

a slow-changing process that requires long-term monitoring of surface water, groundwater, vegetation 

response, habitat conditions, biodiversity, etc., to grasp its dynamics and to adopt more effective regulatory 

measures. ② Although the ecological conditions of the downstream of the Tarim River has been restored, 

there has been no fundamental mitigation the vulnerability of ecosystem. For improving the effectives of 

the ecological operation, this study proposed the method of "groove seepage irrigation" and "seepage 

irrigation" to further extend the scope of the affected areas while implementing the double channel and the 

surface water transmission. This method establishes the platform of ecological operation and restoration 

based on groundwater level regulation and the concept of "underground ecological water bank" for rapidly 

replenishing groundwater. ③ This study also established the multi-scale coupling technology of ecological 

operation and scientific, systematic, and institutionalized management system of the Irtysh River, which 

change the extensive management of traditional ecological operation(e.g. flood irrigation) and prompt the 

development of ecological water operation.

Keywords: ecological operation; ecological restoration; underground ecological water bank; ditch branch 
irrigation; catchwork irrigation; ecological monitoring

Comparison among five methods of trend detection for annual 
runoff series
JIANG Yao, XU Zongxue, WANG Jing
Abstract: Long-term trend is one of major characteristics of hydrological cycle. It is a basic content to 
accurately detect the trend of different hydrological variables for understanding the evolution processes of 
hydrological cycle under changing environment. Presently, there are many trend detection methods, but they 
are affected by many factors. Thus, the results from different methods are often uncertain and also difficult to 
judge which one is accurate and reliable. Therefore, the accuracy and reliability of five widely used methods 
for trend detection (Cumulative anomaly (CA), Linear regression (LR), Mann-Kendall (MK), Empiric mode 
decomposition (EMD) and Discrete wavelet transfer (DWT)) are analyzed based on three artificially generated 
sequences with known components and different change characteristics in this study. Three different 
observed annual runoff series, which respectively showed typical trend characteristics, were collected and 
used to further validate the performance and applicability of five methods for hydrological time series. Case 
studies indicated that the performance of CA method is only applicable for preliminary trend analyses. 
The results from MK method are similar to those from LR method, while the performance of MK method is 
better than that of LR method. Both of these two methods have higher accuracy for trend detection of time 
series with monotonous trend and insignificant periodicity, and is thus suitable for annual runoff with simple 
variation and large magnitude of the trend. EMD and DWT methods can accurately identify and separate the 
fluctuation components at different scale contained in the sequence itself, so as to avoid the influence of the 
periodicity, nonlinearity of time series on the trend detection. They are thus relatively accurate for the trend 
detection of non-monotonous hydrological time series. Comparatively, the results of DWT method are better 
than that of EMD method. The conclusion can provide reference for the trend detection as well as its method 
selection for hydrological series.

Keywords: runoff; trend detection; EMD method; discrete wavelet transfer; MK method
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Key issues of ecological conservation in the Yellow River basin 
from a water cycle perspective
WANG Hao, HU Peng
Abstract: As the basic unit of the water cycle, the basin has received increasing attention based on its role in 
ecological protection and restoration. With the increasing impact of human activities on the water cycle of the 
basin, the water cycle has gradually evolved into a "natural-artificial" dualistic model, which means that the 
structure and function of the ecosystem in the basin have also shown the characteristics of the natural-society 
complex. Based on the analysis of the relationship between the natural-artificial dualistic water cycle and the 
ecological protection of the basin, this paper puts forward the main principles and focuses on maintaining 
the integrity of the ecosystem of the Yellow River basin in terms of spatial pattern and time based on the 
understanding of the ecological background and characteristics of the Yellow River basin. In view of the key 
areas of ecological protection in the Three-River Headwater Region, the Qilian Mountains-Qinling Mountains 
Region, the Loess Plateau, and the Yellow River Delta, the main ecological protection problems existing 
in each area are analyzed. The protection and governance measures in the next stage are proposed. The 
measures suggest that at the cost of consuming a certain amount of water resources, three goals should be 
achieved, namely, lessening the extreme value of the water cycle, greatly reducing the water used for sand 
flushing, and restoring the natural ecology. It will promote ecological protection and high-quality development 
in the Yellow River basin.
Keywords: basin ecological conservation; dualistic water cycle; ecosystem; ecological integrity; the Yellow 
River basin

Discussing of the critical threshold of equilibrium sediment 
transport in the Yellow River and the degree of soil erosion control 
in the Loess Plateau
HU Chunhong, ZHANG Zhihao
Abstracts: In this paper, the relationship between the critical threshold of equilibrium sediment transport in 
the Yellow River and soil erosion control in the Loess Plateau is studied by using the observed data analysis 
and theoretical analysis. The results show that, the critical threshold of the balance sediment transport in the 
Yellow River is changed with the changes of flow and sediment conditions in different periods. In the next 
stage, the critical threshold of equilibrium sediment transport in the Ningmeng reach is about 40 million t/
a; and the critical threshold of equilibrium sediment transport in the middle and lower reaches of the Yellow 
River and its estuary is about 300 million t/a. Through water and sediment regulation and river regulation, the 
annual sediment transport volume of Ningmeng reach will be controlled at about 40 million t/a in the future. 
The channel for water and sediment transport can be built and maintained with a bank flow of about 2000m3/
s. The balance of scour and silt can be basically realized in Ningmeng reach. By controlling the annual 
sediment transport of the middle and lower reaches of the Yellow River and its estuary at about 300 million t/
a, it can basically realize the rise and fall balance at the Tongguan elevation, which is stable at about 328 m. 
The lower reaches can shape and maintain the channel of water and sediment transport around the bank 
flow of about 4000 m3/s, and basically realize the balance of scour and silt. The estuary basically realizes 
the balance of erosion and silt and remains relatively stable. There is also a critical state that the effect of 
soil erosion control on the Loess Plateau is not significant after it reaches a certain degree, show that the soil 
erosion control on the loess plateau exist management degrees. In view of the loess plateau soil and water 
loss control measures of critical threshold, this paper puts forward the future through scientific adjustment of 
the loess plateau governance pattern, to control the sediment quantity of entering into the Yellow River about 
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300 million t/a, achieving the balance of the sediment transport in the main stream of the Yellow River and the 
degree of soil erosion control on the Loess Plateau, and the target of soil erosion control in Loess Plateau is 
determined.
Keywords: Yellow River channel; Loess Plateau; critical threshold; balanced sediment transport; soil erosion 
control

Research on restricting factors and countermeasures of 
ecological protection and high-quality development of Yellow 
River basin
YANG Kaizhong, DONG Yaning
Abstract: In view of the major national strategic demands for ecological protection and high-quality 
development of the Yellow River basin, this paper points out that alleviating the contradiction between "Full-
world economy" and development is the principal contradiction between ecological protection and economic 
and social development of the Yellow River basin, and promoting the transformation of society, economy and 
ecology is the fundamental solution to the contradiction. More concretely, this paper firstly puts forward a 
three-dimensional analysis framework "element-space-time", and makes it clear that this framework should 
be applied to promote the socio-economic ecological transformation, ecological protection and high-quality 
development of the Yellow River basin. Then, based on the framework, it is identified the factors that restrict 
the ecological protection and high-quality development of the Yellow River basin, including the lagged 
transformation of material metabolism mode, inefficient symbiotic space pattern between human and nature 
and path dependence. Finally, the key strategic countermeasures are proposed to promote the economic 
transformation, spatial reconstruction and path creation of the Yellow River basin, such as ensuring cities, 
people and production to be determined by water, accelerating the development of the Yellow River basin 
based on energy internet, promoting innovation-driven development with a unique style, building a strong 
information network, and promoting economic integration and globalization of the Yellow River basin. This 
paper has a certain theoretical and practical value for a deep understanding and grasp of the mechanism 
and strategy of ecological protection and high-quality development of the Yellow River basin.
Keywords: Yellow River basin; ecological protection; high quality development; factor-space-time
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Simulation of 3D hydraulic fracturing of concrete gravity dams 
based on stressseepage-damage coupling model
SHA Sha, ZHANG Guoxin
Abstract: High pressure hydraulic fracturing is an important part of safety assessment in high concrete dams. 
At present, most of the numerical simulations of hydraulic fracturing in concrete gravity dams are limited to 
2D. There is lack of the simulation of 3D hydraulic fracturing of vertical cracks which often occur upstream 
of the dam. In this study, a stress-seepage-damage coupling model is presented for the simulation of 3D 
hydraulic fracturing. By the coupling model, hydraulic fracturing of an internal crack in a cylinder specimen 
is simulated. The results are in good agreement with the experimental results, verifying the rationality of the 
coupled model. Then the coupled model is used to simulate 3D hydraulic fracturing of a concrete gravity 
dam. The damage region obtained by the simulation is basically consistent with the crack zone predicted 
by the design institute. The results show that the coupled model can be used to simulate the 3D hydraulic 
fracturing of gravity dams conveniently and effectively, assess the degree of risk of surface cracks to take 
effective measures in time and provide technical support for the safe operation of high dams.
Keywords: Gravity dam; Hydraulic fracture; 3D; Stress-Seepage-Damage; Coupling

Compensation method and application of ecology-based 
operation compensation in water conservancy projects based on 
unified water supply accounting
YOU Jinjun, LIU Ding, LIANG Tuanhao, LIN Pengfei
Abstract: The strength grading, characteristic value of structural resistance and its partial coefficients of dam 
concrete are the important parameters for design of concrete structures. There are many inconsistencies 
between the current dam design codes and the national standard Unified standard for reliability design of 
hydraulic engineering structures for these parameters. In this paper the following problems are pointed out. In 
the classification of the strength of the dam concrete, after the grade is changed from the mark R(kg/cm2) to 
the grade C(N/mm2), recently another Cd(N/mm2) and C90(MPa) classification rules have been adopted in 
the revised design codes of concrete gravity and arch dams. Obviously, it is against the original intension of 
keeping consistent with international standard and other relevant design codes. Also, in the bearing capacity 
limit state equation the characteristic values of structural resistance cannot be replaced by the characteristic 
values of wet-sieved test specimen as in the arch dam design code. Besides, when the values of partial 
coefficients are defined from the singular safety factor, the implications of these partial coefficients shall not 
be modified and confused. Finally, in order to coordinate all these parameters with the Unified standard for 
reliability design of hydraulic engineering structures, some modification suggestions are put forward.
Keywords: ecological operation; ecological flow; eco-compensation; water supply; benefit shift

In Journal of IWHR
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Seepage control design and 3D seepage analysis of Yulongkashi 
concrete face rockfill dam
ZHU Yingbang, GUO Yu, CUI Wei, PENG Weijun, WU Junjie, DENG Jianqiang
Abstract: The dam of Yulongkashi Water Project is a super-high concrete face rockfill dam with a height 
of 230.5m. Its height is close to the world's tallest similar dam type. According to the design principle of 
seepage control, dam zoning is designed. Two dam zoning schemes are put forward, namely the mixed 
material and the whole blasting material. The seepage prevention treatment is carried out. The seepage field 
of dam and foundation is analyzed comprehensively with three-dimensional finite element method. The results 
show that, under normal operation conditions, the total head contour of seepage is dense at face plate, toe 
plate, and curtain, and the upstream head is undertaken by these parts. The hydraulic gradient of dam zones 
is smaller than the destructive hydraulic gradient, and the seepage control system plays a good role. The 
maximum hydraulic gradient of filling material of whole blasting material scheme is smaller than the mixed 
material scheme's. But the former's anti-seepage load of the face plate is relatively large. In extreme case 
of face plate leakage, the rise of the phreatic surface and the downstream overflow elevation is limited, but 
seepage damage is likely to occur. The grouting curtain reduces the seepage of both banks remarkably. The 
seepage of riverbed and abutments is small, and the seepage around the dam is not obvious. The seepage 
in the right bank is slightly larger than left bank's due to the thin hill on the right bank. The research results of 
this paper are valuable references for similar projects.
Keywords: concrete face rockfill dam; super-high; seepage control; finite element method

Study on generating mechanism of pressure fluctuation in the 
vaneless region of the pump-turbine
XU Hongquan, LU Li, WANG Wanpeng, ZHAO Lice
Abstract:  The powerhouse vibration of pumped storage power station is a critical technical challenge, which 
influences the safe and stable operation of powerhouse and grids. This paper first describes the amplitude 
and frequency characteristics of pressure fluctuation in the vaneless region of pump-turbine, drawing 
conclusions that the amplitude of pressure fluctuation in the vaneless region is higher than other regions, the 
amplitude of pressure fluctuation in the vaneless region under turbine mode is higher than that under pump 
mode and the amplitude of pump-turbine under turbine mode is higher than that of normal Francis turbine. 
It states that the main frequency of pressure fluctuation in the vaneless region is blade passing frequency. 
Secondly, by using the theory of free vortex, the paper presents the cognition that high amplitude pressure 
fluctuation in the vaneless region of pump-turbine under turbine mode originates from free vortex separating 
from front inlet edge of the runner blades based on the in-depth analysis on turbine optimum condition of 
pump-turbine away from operating area, inlet velocity triangle of runner blades under turbine mode and the 
amplitudes of pressure fluctuation reaching maximum under runaway speed condition.
Keywords: pumped storage power station; pump-turbine; vaneless region; pressure fluctuation; flow 
separation; free vortex; blade passing frequency

Research on evaluation of ecosystem services in Chishui River 
Basin based on InVEST
JIA Wanlin, WU Sainan, CHEN Ang
Abstract: By assessing watershed ecosystem services (ESs) and analyzing the spatio-temporal dynamic 
evolution of ESs, the overall health level and degradation of ecosystem can be quickly identified, so as to 
make decisions for watershed ecosystem protection. In this paper, spatio-temporal changes of land use from 



|   59   |

Annual ReportCHINA INSTITUTE OF WATER RESOURCES AND 
HYDROPOWER RESEARCH

2021

1980 to 2015 and landscape patterns in the Chishui River Basin were analyzed using ArcGIS and Fragstats. 
InVEST was adopted to comprehensively evaluate the ESs of water yield, soil retention, carbon storage and 
habitat quality, and to analyze the spatio-temporal distribution of ESs during the past 35 years. The results 
demonstrate that the land use changes in the Chishui River Basin are not significant, and the relatively natural 
ecosystem condition is maintained. Moreover, the water yield in the basin has slightly increased in recent 
years, and the middle and the lower catchment are the main areas of water production. The general soil 
erosion status in the basin is slight, and the areas of light erosion has increased in recent years. The Chishui 
River Basin is a carbon source area, but the carbon storage in the basin is decreasing. Nevertheless, the 
average habitat quality index of the basin is about 0.78, and the habitat quality has improved. This study can 
provide reference for the ecological environment protection of Chishui River basin.
Keywords: ecosystem services; InVEST; land use; habitat quality; soil retention

Processes shaping land cover and green space changes in the 
Tarim River Basin
DENG Xiaoya, LONG Aihua, GAO Haifeng, ZHANG Ji, YU Jiawen, REN Cai, MA Zhenzhen

Abstract: This paper presented four datasets of land use/cover of the Tarim River basin derived from Landsat 
TM/ETM+ images in 1990, 2000, 2010 and 2018. Land use dynamic index, landscape-transition matrix 
approach and landscape pattern indices were simultaneously employed for quantifying spatio-temporal 
dynamic green space and landscape pattern in the Tarim River basin. The results show a general decline of 
the green space in the Tarim River basin during 1990-2018. Changes in green space are due to the shrinkage 
of grassland, especially after 2010. By further analysis of the landscape index, we found that anthropogenic 
influence increased gradually from 1990 to 2018. The anthropogenic influence may play a significant role in 
affecting the landscape distribution during the period of 1990-2000. The spatial distribution of construction 
land and agricultural land changed completely. The general decline in grassland was most pronounced 
during the study period. Not surprisingly, intensity of land use is strengthened, and the heterogeneity of the 
landscape was enhanced by anthropogenic impacts. The shape of landscape patches is still actively being 
unregularized.
Keywords: green space; landscape pattern; landscape pattern index; spatial-temporal evolution; Tarim River 
Basin 
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Highlights of the Year
1

Series of activities were organized to celebrate the 
Centenary Anniversary of The Communist Party of China. 
An art performance, a staff sports meet as well as several 
sports events, an exhibition of works of calligraphy, 
painting and photography, and a series of lectures, reading 
parties and knowledge quizzes were held througout the 
whole year to remind IWHR staff of the party history and 
the arduous development process of the country.

6

IWHR saw a continuous rise in the international influence 
of its academic journals. The Journal of Hydraulic 
Engineering received a World Journal Clout Index (WJCI) 
of 2.855, ranking the fourth in WJCI water resources and 
hydropower engineering category. The Journal of IWHR 
was included in “A Guide to the Core Journals of China” 
(GCJC). The Impact Factor (IF) of the International Soil and 
Water Conservation Research (ISWCR) and International 
Journal of Sediment Research (IJSR) rose to 6.027 and 
2.902 respectively.

7

IWHR played a key role in establishing China’s intellectual 
river basins for flood control. In 2021, it was engaged in 
the water-related disaster drills in Haihe and Huaihe river 
basins as the main technical supporter. It also developed 
a smart flood control system that strengthens forecast 
and early-warning of flood disasters through improved 
space-air-ground integrated network, comprehensive 
basin-scale data, upgraded hydrological, scheduling and 
hydrodynamic models, and big data analytics and artificial 
intelligence.

8

IWHR established its State Field Station for Grassland Eco-
hydrology Research, which is the first state field station in 
China’s water sector in Inner Mongolia. The station aims 
to empower China’s grassland eco-hydrology research 
and ecological environment protection through water 
conservation, hydrological management, sand and dust 
control, biodiversity conservation, and regulation of the 
water-soil-grass-livestock ecosystem.

9

IWHR has deepened its strategic cooperation with an 
array of relative stakeholders. The BeSTDR Infrastructure 
Hospital was co-established by IWHR and the Chinese 
Academy of Engineering for detection and repair of 
infrastructure failures and improvement of engineering 
safety. The IWHR Happy Water Center of Lishui City was 
co-sponsored by the local government to probe into the 
exploration and commercialization of water values and the 
creation of high-end water-related brands.

10

IWHR made more contributions to water-related knowledge 
dissemination and education compaign. The Happiness 
Report of Rivers and Lakes in China 2020 demonstrates 
the result and study of the first nationwide inspection of 
river happiness of China’s main rivers and lakes. The Water 
Education Series, a popular science book series about 
water targeting school children jointly published by IWHR 
and UNESCO, has launched its English version. Versions 
of more languages like French, Spanish and Khmer are 
underway to improve water literacy worldwide and share 
Chinese wisdom and solutions for achieving SDG 6 (Clean 
Water and Sanitation) and SDG 4 (Quality Education).

2

IWHR released its 14th Five-Year (2021-2025) Plan, which 
shed light on our mission, vision and tasks during the next 
five years. The Plan contains an overall blueprint and eight 
specialized guidelines respectively for academic discipline 
development, talent team building, research platforms, 
international cooperation, education and dissemination 
of water-related science and technologies, information 
application, development of science corporations and 
logistical support.

3

IWHR reaped multiple awards in international competitions. 
The Smart Water Dispatch System for Fuzhou City, which 
is China’s first scientific water dispatch system for urban 
river systems, stood out from 117 competitors and won 
the Energy & Environment Award in the 2021 World Smart 
City Competition (China Division). The Development and 
Demonstrative Application of New Technologies for Early 
Warning of Flood Disasters in China won the Outstanding 
Award in the World Water Challenge 2021. 

4

IWHR made stunning appearance at the 13th-Five-Year 
Technology Innovation Exhibit. Several of its technical 
achievements, including the iP9000 smart integration 
system and technologies for intelligent construction of 
300-meter ultra-high arch dams, smart dam compaction, 
construction of digital irrigation areas, and operation 
and control of hydro-solar hybrid power stations, were 
displayed at the Exhibition of China’s Major Scientific 
Accomplishments during the 13th Five-Year Plan Period.

5

IWHR’s talent team grows stronger. Three experts won the 
funding of China’s Ten Thousand Talents Plan. A total of 19 
prominent experts and three creative research teams were 
recognized by national and ministerial talent supporting 
programs. A list of 84 individuals and ten research teams 
were identified as talents of specific categories to receive 
earmarked IWHR funding and policy support for the next 
five years, under the IWHR Talent Supporting Program.
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Total 
Billion 
(CNY)

State-sponsored

Others

2020 2021

1.802
1.838

2017

1.343

2018

1.559

2019

1.715

Human Resources
By the end of 2021, IWHR has 1234 technical professionals.

Research Contracts
Research contracts signed in 2021: CNY 1.838 billion in value.

Others 39 
(3.2%)

Others 
88.23%

State-
sponsored 

13.76%

Bachelor 
216 

(17.5%)

Master 
405 

(32.8%)

Doctoral 
574 

(46.5%)

< 35 years old 
320

 (25.9%)

> 55 years old 
198 

(16%)

36-45 years old 
494

 (40%)

46-54years old 
222

 (18%)

Assistant engineer 
and others 118 (9.6%)

Associate Senior 
Engineer 437 

(35.4%) 

Engineer 
199 

(16.1%)

Senior Engineer 
480

 (38.9%)

Statistics
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Awards

In 2021, 46 completed researches are granted provincial/ministerial level prize, including 3 special prizes.

Type Amount Grade

Provincial (ministerial) level 46

Special prize (3)

First prize (17)

Second prize (17)

Third Prize (9)

Some of the prized researches：
• Research and Application of Key Technology for Tunnel Design of the Yellow River Crossing Project along the 

Mid Route of South-to-North Water Diversion Project

• Jinping Hydropower Station

• Key Technology and Practice of Emergency Disposal of High Risk Landslide Lake

• Theory and Key Technology of Ecological Water Regulation in Desert Riparian Forests Featuring Multi-scale 
Coordination

• Key Technologies for Ecological Protection of River Valley Forest and Grassland Based on Infiltrating Irrigation 
and Their Application 

• Key Technology and Application Demonstration of Risk Prevention and Control of Flash Flood Disaster

• Key Technologies for Water Quality Security of Rural Drinking Water Sources and Their Application

• Key Technologies and Long-term Mechanism for Rural Drinking Water Safety for Impoverished Population

• Clogging Formation and Mitigation Mechanism of Drip Irrigation with Reclaimed Water and Technologies for 
Efficient and Safe Utilization of Such Technology

• Key Technologies and Products for Efficient Use of Water and Fertilizer of Mulched Drip-irrigated Crops

• Slope Safety Evaluation of Major Water Works and Key Technologies for Safety Risk Prevention and Control and 
Their Application 

• Early-warning and Prevention of Rock Burst in Tunnel Construction of the Hanjiang-to-Weihe River Valley Water 
Diversion Project

• Methods for Selecting Mechanical Parameters of Rock Mass and its Engineering Application

• Research and Application of Structural Optimization and Improvement of Ecosystem at Three Gorges Reservoir 

• Sediment Reduction and Profitable Operation of Reservoirs on Sediment-laden Rivers

• Key Technologies for High Efficiency Large Hydroelectric Generating Unit and its Engineering Application

• Key Technology for Design, Manufacture and Engineering Application of Full Water Head High-efficiency 
Reactive Hydro-generator Units 

• New Type of Cemented Material Dams and its Application

• Key Construction Technology and Practice for New Type of Cemented Material Dams

• Research on Innovation Mechanism of Henhu Dam Medium-sized Irrigation Area in Luliang County

• Key Technologies for Securing Water Safety in Water-scarce Areas and Their Application

• Key Technologies for Fish Habitat Conservation and Restoration in Hydropower Development of Rivers and 
Their Application

• Partition Theory of Into-river Sewage Outlets Layout and Multivariant Optimization

• Key Technologies for Layout Optimization and Water Use Efficiency Management in Large-scale Paddy Field

• Research and Application of Rock-fill Concrete Arch Dam

• Packages of Technology for Intelligent Temperature Control of Concrete Dams

• Key Technologies of Flood Discharge and Energy Dissipation and Atomization Reduction of Jinping I Super-high 
Arch Dam
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Intellectual Properties

IWHR obtains 474 patents in 2021, including 344 inventions, 115 utility models, and 15 new international patents, 
participates in the editing of 30 technical codes, and also publishes 68 books and 736 papers.

Patents Technical codes
Books Papers

Inventions
Utility 

models
International Chief edited Co-edited

Amount 344 115 15 25 5 68 736

Journals

ISSN0468–155X
CN11–2532/TV

ISSN 2095-6339

CN 10-1107/P

Available online at www.sciencedirect.com

INTERNATIONAL SOIL AND WATER CONSERVATION 
RESEARCH (ISWCR)

Volume 7, No. 4, December 2019

CONTENTS 

International Soil and W
ater C

onservation R
esearch (ISW

C
R

) V
ol. 7 (2019) 317 – 394

7
4

Volume 7, No. 4, December 2019
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 Soil genetic erosion: New conceptual developments in soil security . . . . . . . . . . . . . . . . . . . .    317   

      A.   Almagro  ,   T.C.   Thom é   ,   C.B.   Colman  ,   R.B.   Pereira  ,   J.   Marcato Junior  ,   D.B.B.   Rodrigues  , 
  P.T.S.   Oliveira    

 Improving cover and management factor (C-factor) estimation using remote sensing 
approaches for tropical regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    325   

      A.E.   Rahma  ,   D.N.   Warrington  ,   T.   Lei    
 Effi cacy of wheat straw mulching in reducing soil and water losses from three typical soils of 
the Loess Plateau, China. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    335   

      A.   Ansari  ,   M.H.   Golabi    
 Using Ecosystem Service Modeler (ESM) for Ecological Quality, rarity and Risk Assessment 
of the wild goat habitat, in the Haftad-Gholleh protected area. . . . . . . . . . . . . . . . . . . . . . . . .    346   

      M.   Sileshi  ,   R.   Kadigi  ,   K.   Mutabazi  ,   S.   Sieber    
 Determinants for adoption of physical soil and water conservation measures by smallholder 
farmers in Ethiopia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    354   

      C.   Van Huynh  ,   C.T.   van Scheltinga  ,   T.H.   Pham  ,   N.Q.   Duong  ,   P.T.   Tran  ,   L.H.K.   Nguyen  , 
  T.G.   Pham  ,   N.B.   Nguyen  ,   J.   Timmerman    

 Drought and confl icts at the local level: Establishing a water sharing mechanism for the 
summer-autumn rice production in Central Vietnam  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    362   

      F.   Mengistu  ,   E.   Assefa    
 Farmers ’  decision to adopt watershed management practices in Gibe basin, southwest 
Ethiopia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    376   

      F.   Naghizade Asl  ,   H.R.   Asgari  ,   H.   Emami  ,   M.   Jafari    
 Combined effect of micro silica with clay, and gypsum as mulches on shear strength and wind 
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International Exchanges

IWHR organized the seminar 
on science and technology 
cooperation of the 8th High-
Level Dialogue Conference under 
China-Europe Water Platform. 

IAHR President Joseph H.W. 
Lee paid visit to IWHR and 
discussed on further cooperation 
in postgraduate joint training 
programs, field observation, etc.

IWHR and UNESCO jointly 
launched Water Education English 
series – water cartoon books- – on 
World Water Day.

IAHR organizes a World-Water-
Day-special webinar on March 22, 
drawing attention to global water 
security.

IWHR co-organized “Water and 
Climate Change” webinar for the 
2nd Asia International Water Week 
On-Air.

IWHR successfully co-hosts series 
webinar of Flash Flood Program 
(FFP).

IWHR supported the 1st IAHR 
Online Forum.

IWHR co-organizes the UNESCO-
ISI Online Training Workshop on 
Sediment Transport Measurement 
and Monitoring.

IWHR attended ECO Forum 
Global Guiyang 2021 .

IWHR talked with the UNESCO 
Beijing Office Director Shabbaz 
Kan during his visit to IWHR 
headquarters on future 
cooperation between the two-
party.

IWHR participates in the Service 
Trade Fair and chairs a High-
Level Symposium on Engineering 
Innovations and Sustainable 
Development.

IWHR delegation visits Macau 
University of Science and 
Technology, and the two 
sides signs MOU for strategic 
cooperation.

IWHR hosts the 3rd Symposium 
on Research Frontiers in Water 
Sciences and the 2021 Annual 
Meeting of IAHR China Chapter.

IWHR hosts the 15th ARRN 
Governing Council Meeting & 
17th International Forum of ARRN 
Small Watershed Integrated 
Management.

IWHR hosts the 1st International 
Seminar on Water Culture.

IWHR co-convenes a session on 
youth water education during the 
Africa Water and Sanitation Week 
2021.

International Cooperation
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Partnership with Cooperative Agreements

         

         

         

         

2021 IWHR Global Connections

In 2021, IWHR connected with more than 160 countries and regions virtually.
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President and Vice 
Presidents

Commissions • Academic Commission

• Board of Professional Title Assessment

• Board of Academic Degree Assessment

Administrative 
Divisions

• General Office

• Division of Personnel, Labor and 
Education

• Division of Research Management and 
Planning

• Division of International Cooperation

• Division of Finance and Assets 
Administration

• Division of Supervision and Audit

• Division of Platforms and Infrastructure 
(Office of State Key Lab)

Research 
Departments

• Department of Water Resources

• Research Center on Flood and Drought 
Disaster Reduction 

• Department of Water Ecology and 
Environment Research

• Department of Irrigation and Drainage

• Earthquake Engineering Research 
Center

• Department of Geotechnical 
Engineering

• Department of Structures and Materials

• Department of Sediment Research

• Department of Hydraulics

• Remote Sensing Technology Application 
Research Center 

• Department of Water Resources for Pastoral 
Areas

• Department of Water Resources History

• Research Center for Sustainable 
Hydropower Development 

Division of 
Comprehensive 
Business

• Graduate School

• Standardization Research Center

• Information Center

• Office of Retirement Services

Enterprises • Beijing IWHR Corporation

• Beijing IWHR Technology Co., Ltd.

• Beijing IWHR-KHL Co., Ltd.

• Tianjin Institute of Hydroelectric and Power 
Research

• Beijing Zhongshui Runke Certification Co., 
Ltd.

Secretariats of 
International 
Organizations

• World Association for Sedimentation 
and Erosion Research (WASER)

• World Association of Soil and Water 
Conservation (WASWAC)

• Chinese National Committee on Large 
Dams (CHINCOLD)

• Chinese National Committee on 
Irrigation and Drainage (CNCID)

• International Association for Hydro-
Environment Engineering and Research 
(IAHR)

• Global Water Partnership (GWP) China

• China Office of International Hydropower 
Association (IHA)

• International Conference on Flood 
Management (ICFM)

• China River Restoration Network (CRRN)

Organizational Structure
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Research Divisions
Department of Water Resources

Fundamental and applied research on the theories and applications 
in hydrology and water resources, including the fundamental 
theories and simulative technologies of water cycle, the assessment, 
planning, allocation, saving, regulation, management, protection and 
macro-strategy research of water resources, and the consulting and 
international cooperation in related fields.

Department of Water Ecology and Environment 
Research

Evolution mechanisms and simulation technologies of water 
environment and ecology; methods and standards of assessment 
and monitoring, as well as protection and recovery technologies 
of water environment; guarantee technologies of drinking water 
safety; environmental impact assessment of projects; theories and 
information technologies of water environment management.

Research Center on Flood and Drought Disaster 
Reduction 

Research on key issues of flood control, drought relief and disaster 
reduction, including disaster formation mechanism, forecasting and 
warning, risk assessment, management and rescue technology of 
risk and emergency.

Remote Sensing Technology Application 
Research Center

Flood monitoring, forecasting and risk management system; drought 
monitoring evaluation and early warning system based on remote 
sensing; rivers and lakes monitoring system based on remote 
sensing; water and soil conservation monitoring and evaluation 
based on remote sensing; water environment-ecology information 
extraction and analysis software platform.

Hydraulics of high-velocity flow, flow-induced vibration and project 
layout; hydraulic controi and ice dynamics; cooling water and 
cooling tower research for thermal and nuclear power projects; river 
and ecological hydraulics; hydraulic prototype observation and 
equipment development.

Strategies, policies, planning and key technologies of sustainable 
hydropower development, including the theories, methods and 
assessment system of hydropower sustainability (green hydropower); 
strategic planning of hydropower development; ecological protection 
and reservoir resetlement policies of hydropower projects.

Research Center for Sustainable Hydropower 
Development

Water resources and water environment for pastoral areas; 
water-efficiency irrigationo and drainage, conservation of water 
and soil, and ecological recovery of grasslands; clean energy 
development and utilization, as well as water supply equipment, for 
pastoral areas.

Department of Water Resources for Pastoral 
Areas

River channel evolution and improvement; reservoir sedimentation 
and regulation; conservation and control of water and soil; sediment 
issues in estuary, coastal and hydraulic projeds; prevention and 
control of sediment disasters; fundamental theories and simulation 
technologies of sediment movement.

Department of Sediment Research

Department of Hydraulics

Strategies, planning and related standards of water resources 
development in rural areas; water. efficiency irrigation and 
management technologies of farmland water and soil environment; 
research, equipment development, transfer, promotion and 
application of water supply technologies in rural areas; quality 
inspection and product certification of equipment

Department of Irrigation and Drainage

Theories and anaiysis method of earthquake engineering; the arch dam and 
gravity dam seismic research; dynamic test of stuctures and equipment; 
monitbring and forecasting of reservoir earthquake; anti-sarthquake 
analysis and safety assessment of electrical and nuclear power equipment.

Earthquake Engineering Research Center

Research on water resources history and water conservancy 
archives; theoretical and technical research on protection of water 
resources heritage, survey and design of water works heritage 
protection; regional water culture; popular science education 
on water conservancy history, technical consultancy on relevant 
technical standards, planning and designing. 

Department of Water Resources History

Property study of geotechnical materials; behavior simlation, safety 
assessment and centrifugal testing of geotechnical structures such as 
embankment dams, high slopes and underground tunnels and chambers.

Department of Geotechnical Engineering

Temperature stress and control of hydraulic structures; numerical, 
visual and digital simulation of projedts; safety monitoring and 
inspection; anti-seepage, repair and reinforcement of projects.

Department of Structures and Materials
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Scientific Research BasesScientific Research Bases

Laboratories in Daxing and Yanqing bases include:

Daxing Experimental Base

Yanqing Experimental Base

Daxing Experimental Base (Beijing)

Technology Innovation Base (South, Beijing)

Base of Water Rescources for Pastoral Areas 
(Inner Mongolia)

Tianjin Institute of Hydroelectric and Power 
Research (Tianjin)

Technology Innovation Base (North, Beijing)

Yanqing Experimental Base (Beijing)

Laboratory of Water Cycle and Deployment
Laboratory of Water-Sediment Regulation and River Training
Laboratory of Soil and Water Conservation
Laboratory of Fundamental Theoretical Research on Sediment
Transport
Laboratory of Hydraulics
National Center for Efficient Irrigation Engineering and Technology 
Research - Beijing
Laboratory of Rural Drinking Water Safety, NCEIR
National Center for Quality Supervision and Test of Agricultural
Irrigation and Drainage Equipment
Laboratory of Hydraulic Regulation
Laboratory of River Environment
Hydraulic Machinery Laboratory
Laboratory of Automatic Control and Simulation
Laboratory of Quality Inspection and Simulation for Speed Governing 
System of Small Hydro
Integrated Laboratory of Engineering Technology on Water Resources 
and Soil-Water Conservation
Integrated Laboratory of Engineering Mechanics

⑴
⑵
⑶
⑷

⑸
⑹

⑺
⑻

⑼
⑽
⑾
⑿
⒀

⒁

⒂

13

1412

15
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Vacuum tank (vacuum percentage 
98.7%; flow discharge 1.0 m3/s)

Universal test stand of advanced 
hydraulic machinery model

LXJ-4-450g-t geotechnical centrifuge

Tri-axial earthquake simulating shaking 
table with 6 degrees of freedom

15000 KN universal testing machine Creep testing system for fully-graded 
concrete

Hydraulic flume and water tank Eddy covariance system Multi-functional GC-MS Machine

54

CHINA INSTITUTE OF WATER RESOURCES AND 
HYDROPOWER RESEARCH Annual Report

2015

Large Equipment

machine
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Graduate Education
IWHR started its graduate education in the 1950s and has excellent research facilities and equipment, a large number 
of cutting-edge research projects, adequate research funding, numerous literature resources, a top-notch team of 
graduate supervisors (206 master’s supervisors and 107 doctoral ones). After more than 6 decades of exploration and 
development, IWHR has established a complete and unique system of graduate education.

Degree Programs in English
8 programs for master’s degree and doctoral degree:

• Geotechnical Engineering

• Hydrology and Water Resources

• Hydraulics and River Dynamics

• Hydraulic Structure Engineering

• Hydraulic and Hydropower Engineering

• Hydro-Environment

• Hydro-informatics

• Water Disaster and Security

Duration of Study: 

At least 2.5 years for master’s degree and 3 years for doctoral degree.

General information
Application is open only to non-Chinese citizens who are in good health.

Educational Background and Age Limit

The applicant for a master’s program must be under the age of 35 and has a bachelor’s degree.

The applicant for a doctoral program must be under the age of 40 and has a master’s degree.

Application Brochure for 
International Students
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Language Requirements

• Graduates from universities of English-speaking countries;

• Graduates from universities where English is the official language;

• IELTS: overall grade of 6.0 or above;

• TOEFL: overall score of 80 or above.

Fees
• Application Fee: Free in 2022

• Annual Tuition: CNY 26,000-CNY 39,000

• Annual Accommodation: CNY 24,000

• Annual Insurance: CNY 800

Scholarships
IWHR Outstanding International Student Scholarship

In 2022, scholarships of up to CNY 113,600 per year are available for outstanding applicants, including all or part of the 
following items:

• Waiver of the fees of tuition, accommodation and medical insurance;

• Living stipend of up to CNY 49,800 per person per year.

Category
Scholarship

Grade

Waiver of

Tuition

Waiver of

Accommodation

Waiver of 
Medical 

Insurance
Living Stipend Total

Master

I 26000 24000 800 38400 89200

II 26000 24000 800 19200 70000

III 26000 800 26800

Ph.D.

I 39000 24000 800 49800 113600

II 39000 24000 800 24900 88700

III 39000 800 39800

Unit: CNY (1 USD = 6.4 CNY), in Nov. 2021
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How to Apply
Application Methods

• Applicants for academic degree programs shall submit application documents to iwhrgraduateoffice@163.com.

Required Application Documents

• See details at http://gs.iwhr.com/skyyjsy/en/Admission/How/A06110303index_1.htm

Important Dates

• Application Deadline:

Applicants for academic degree programs shall submit their acceptable application materials before 31st May 2022.

• Admission Notice Time:

Between 10th June and 15th July 2022.

• Beginning of the Semester:

In early September 2022(See the specific date on the admission notice).

Contact Us
Office of International Student Affairs, Graduate School

China Institute of Water Resources and Hydropower Research

20 Chegongzhuang West Road, Haidian District, Beijing, P.R.China

Zip Code: 100048

Telephone: +86-10-68786859

Fax: +86-10-68785988

E-mail: iwhrgraduateoffice@163.com
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Turret

Summer Palace

Bird's Nest (National Stadium) 

National Grand Theater
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